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About This Document

The ESP32-S3 is targeted at developers working on low level software projects that use the ESP32-S3 SoC. It
describes the hardware modules listed below for the ESP32-S3 SoC and other products in ESP32-S3 series.
The modules detailed in this document provide an overview, list of features, hardware architecture details, any
necessary programming procedures, as well as register descriptions.

Navigation in This Document
Here are some tips on navigation through this extensive document:

¢ Release Status at a Glance on the very next page is a minimal list of all chapters from where you can
directly jump to a specific chapter.

e Use the Bookmarks on the side bar to jump to any specific chapters or sections from anywhere in the
document. Note this PDF document is configured to automatically display Bookmarks when open, which
is necessary for an extensive document like this one. However, some PDF viewers or browsers ignore this
setting, so if you don’t see the Bookmarks by default, try one or more of the following methods:

- Install a PDF Reader Extension for your browser;
- Download this document, and view it with your local PDF viewer;
— Set your PDF viewer to always automatically display the Bookmarks on the left side bar when open.

¢ Use the native Navigation function of your PDF viewer to navigate through the documents. Most PDF
viewers support to go Up, Down, Previous, Next, Back, Forward and Page with buttons, menu or hot
keys.

e You can also use the built-in GoBack button on the upper right corner on each and every page to go back
to the previous place before you click a link within the document. Note this feature may only work with
some Acrobat-specific PDF viewers (for example, Acrobat Reader and Adobe DC) and browsers with
built-in Acrobat-specific PDF viewers or extensions (for example, Firefox).
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1 Processor Instruction Extensions (PIE)

1.1 Overview

The ESP32-S3 adds a series of extended instruction set in order to improve the operation efficiency of specific Al
and DSP (Digital Signal Processing) algorithms. This instruction set is designed from the TIE (Tensilica Instruction
Extension) language, and adds general-purpose registers with large bit width, various special registers and
processor ports. Based on the SIMD (Single Instruction Multiple Data) concept, this instruction set supports
8-bit, 16-bit, and 32-bit vector operations, which greatly increases data operation efficiency. In addition, the
arithmetic instructions, such as multiplication, shifting, and accumulation, can perform data operations and
transfer data at the same time, thus further increasing execution efficiency of a single instruction.

1.2 Features
The PIE (Processor Instruction Extensions) has the following features:

e 128-bit general-purpose registers

128-bit vector operations, e.g., multiplication, addition, subtraction, accumulation, shifting, comparison,
etc.

¢ Integration of data transfer into arithmetic instructions

Support for non-aligned 128-bit vector data

Support for saturation operation

1.3 Structure Overview

A structure overview should help to understand list of available instructions, instructions possibilities, and limits. It
is not intended to describe hardware details.

The internal structure of PIE for multiplication-accumulation (MAC) instructions overview could be described as

shown below:
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Figure 1-1. PIE Internal Structure (MAC)

The diagram above shows the data flow paths and PIE components.

The PIE unit contains:

e Address unit that reads 8/16/32/64/128-bit aligned data

1.3.1

Bank of eight 128-bit vector QR registers

Arithmetic logic unit (ALU) with

— sixteen 8-bit multipliers

— eight 16-bit multipliers

QACC_H/QACC_L - 2 160-bit accumulators

ACCX - 40-bit accumulator

Bank of Vector Registers

Bank of vector registers contains 8 vector registers (QR). Each register could be represented as an array of 16 x

8-bit data words, array of 8 x 16-bit data words, or array of 4 x 32-bit data words. Depending on the used

instructions, 8, 16 or 32-bit data format will be chosen.

Espre

ssif Systems

37
Submit Documentation Feedback

ESP32-S3 TRM (Version 1.2)


https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.2

1 Processor Instruction Extensions (PIE) GoBack

1.3.2 ALU

Arithmetic logic unit (ALU) could work for 8-bit input data, as 8-bit ALU, for 16-bit input data, as 16-bit ALU, or
for 32-bit input data, as 32-bit ALU. 8-bit multiplication ALU contains 16 multipliers and is able to make up to 16
multiplications and accumulation in one instruction. With multiplication almost any other combinations of
arithmetic operation are possible. For example, FFT instructions include multiplication, addition, and subtraction
operations in one instruction. Also, ALU includes logic operations like AND, OR, shift, and so on.

The input for ALU operation comes from QR registers. The result of operations could be saved to the QR
registers or special accumulator registers (ACCX, QACCQC).

1.3.3 QACC Accumulator Register

The QACC accumulator register is used for multiplication-accumulation operations on 8-bit or 16-bit data. In the
case of 8-bit data, QACC consists of 16 accumulator registers with 20-bit width. In the case of 16-bit data,
QACC consists of 8 accumulator registers with 40-bit width. The following description reflects the case of 8-bit
arithmetic. For 16-bit arithmetic, the logic is similar.

After multiplication and accumulation on two vector QR registers, the result of 16 operations will be written to 16
20-bit accumulator registers.

QACC is divided into two parts: 160-bit QACC_H and 160-bit QACC_L. The former stores the higher 160-bit
data of QACC, and the latter stores the lower 160-bit data. To store the accumulator result in QR registers, it is
possible to convert 20-bit result numbers to 8 bits by right-shifting it. For 16-bit multiplication-accumulation
operation, convert the 40-bit result to 16-bit by right-shifting it.

It is possible to load data from memory to QACC or reset the initial value to O.

1.3.4 ACCX Accumulator Register

Some operations require accumulating the result of all multipliers to one value. In this case, the ACCX
accumulator should be used.

ACCX is a 40-bit accumulator register. The result of the accumulators could be shifted and stored in the memory
as an 8-bit or 16-bit value.

It is possible to load data from memory to ACCX or reset the initial value to O.

1.3.5 Address Unit

Most of the instructions in PIE allow loading or storing data from/to 128-bit Q registers in parallel in one cycle. In
most cases, the data should be 128-bit aligned, and the lower 4 bits of address will be ignored. The Address unit
provides functionality to manipulate address registers in parallel, which saves the time to update address
registers.

It is possible to make address register operations like AR + signed constant, ARx + ARy, and AR + 16.

The Address unit makes post-processing operations. It means that all operations with address registers are done
after instructions are finished.

1.4 Syntax Description

This section provides introduction to the encoding order of instructions and the meaning of characters that
appear in the instruction descriptions.
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1.4.1 Bit/Byte Order

The encoding order of instructions is divided into two types based on the granularity, i.e., bit order and byte order.
According to the located side of the least bit or byte, there are big-endian order and little-endian order. That is to
say, the most common encoding types for instructions are: little-endian bit order, big-endian bit order,
little-endian byte order and big-endian byte order.

¢ Little-endian bit order: the instruction is encoded in bit order, with the least significant bit on the right.

® Big-endian bit order: the instruction is encoded in bit order, with the least significant bit on the left.

e |ittle-endian byte order: the instruction is encoded in byte order, with the least significant byte on the right.
¢ Big-endian byte order: the instruction is encoded in byte order, with the least significant byte on the left.

Among them, the instruction encoding bit sequences obtained using little-endian byte order and little-endian bit
order are identical. Taking the 24-bit instruction EE.ZERO.QACC as an example, Figure 1-2, Figure 1-3, Figure
1-4 and Figure 1-5 show the code of this instruction in little-endian bit order, big-endian bit order, little-endian
byte order and big-endian byte order, respectively.

Please note that all instructions and register descriptions appear in this chapter use little-endian bit order, which
means the least significant bit is stored in the lowest addresses.

Bit order [23]22|21/20(19|18|17|16|15|14|13|12|11/10/9 |8 /7|6 |5|4|3 |2 |1 |0

<+— most-significant least-significant —»

Instruction code

/60004202 /0/0/0{042/0/0|0j0|2}|0|0j0|12|0)0O0

Figure 1-2. EE.ZERO.QACC in Little-Endian Bit Order

Bitorder |0 1|2 3|4 |5|6|7|8|9|10/11|12|13|14|15/16|17|18|19/20(21|22|23

<+— |east-significant most-significant —»

Instructioncode| o |0 |1|/0|0|0|1|0|0|0|0|1|/0|0|0|0O|1|l0|1|0|l0|1|0]|0

Figure 1-3. EE.ZERO.QACC in Big-Endian Bit Order

Byte order |23|22(21|20|19|18|17|16|/15|14|13|12/11/10|{9 |8 |7 |6 5|4 |3 |2 |1 |0

Most-significant byte Least-significant byte

Instructioncode| g |0 |1|0|0|1|0|1|0|0|0|0|12|0/0|0|lO|1]|0|0|l0|1|0]|0

Figure 1-4. EE.ZERO.QACC in Little-Endian Byte Order
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Byteorder | 7 | 6|54 |(3|2|1|0/|15/14|13|12|11|10| 9 | 8 |23|22|21|20/19(18|17|16

Least-significant byte Most-significant byte

Instructioncode| g | 1|0 |0|0|1|/0|0|0|0|0O|O|2|0|0|0|lO|O|1|0|l0O|1|0]|1

Figure 1-5. EE.ZERO.QACC in Big-Enidan Byte Order

1.4.2 Instruction Field Definition

Table 1-1 provides the meaning of the characters covered in instruction descriptions. You can find such
characters and corresponding descriptions in Section 1.8.
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Table 1-1.

Instruction Field Names and Descriptions

Name

Description

32-bit general-purpose registers

as

In-out type (used as input/output operand). Stores address
information for read/write operations, which is updated after
such operations are completed.

at

In-out type. Temporarily stores operation results to the
EE.FFT.AMS.S16.ST.INCP instruction, which will be part of
the data to be written to memory.

ad

In type (used as input operand). Stores data used to update
address information.

av

In type. Stores data to be written to memory.

ax,ay

In type. Stores data involved in arithmetic operations, e.g.,
shifting amounts, multipliers and etc.

au

Out type (used as output operand). Stores results of
instruction operations.

128-bit general-purpose registers

gs

In type. Stores 128-bit data used for concatenation
operations.

ga,ox,qy,aqm

In type. Stores data used for vector operations.

gz

Out type. Stores results of vector operations.

qu

Out type. Stores data read from memory.

qv

In type. Stores data to be written to memory.

fu

32-bit general-purpose floating-point register. Stores
floating-point data read from memory.

fv

32-bit general-purpose floating-point register. Stores
floating-point data to be written to memory.

sel2

1-bit immediate value ranging from 0 to 1. Used to select
signals.

sel4,upd4

2-bit immediate value ranging from O to 3. Used to select
signals.

sel8

3-bit immediate value ranging from O to 7. Used to select
signals.

sel16

4-bit immediate value ranging from O to 15. Used to select
signals.

sar2

1-bit immediate value ranging from O to 1. Represents
shifting numbers.

sar4d

2-bit immediate value ranging from 0 to 3. Represents
shifting numbers.

sar16

4-bit immediate value ranging from 0 to 15. Represents
shifting numbers.

immi

7-bit unsigned immediate value ranging from 0 to 127 with
an interval of 1. This is used to show the size of the
updated read/write operation address value.
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Table 1-1 — cont’d from previous page

Name Description

7-bit unsigned immediate value ranging from O to 254 with
imma2 an interval of 2. This is used to show the size of the
updated read/write operation address value.

8-bit signed immediate value ranging from -256 to 252 with
imm4 an interval of 8. This is used to show the size of the
updated read/write operation address value.

8-bit signed immediate value ranging from -2048 to 2032
imm16 with an interval of 16. This is used to show the size of the
updated read/write operation address value.

4-bit signed immediate value ranging from -128 to 112 with
imm-16f an interval of 16. This is used to show the size of the
updated read/write operation address value.

Some instructions have multiple operands with the same function. Those operands are distinguished by adding
numbers after field names. For example, the EE.LDF.128.IP instruction has four fu registers, fu0 ~ 3. They are
used to store 128-bit data read from memory.

1.5 Components of Extended Instruction Set

1.5.1 Registers

This section introduces all kinds of registers related to ESP32-S3’s extended instruction set, including the original
registers defined by Xtensa as well as customized registers. For register information, please refer to Table
1-2.

Table 1-2. Register List of ESP32-S3 Extended Instruction Set

Register Mnemonics | Quantity | Bit Width | Access | Type

AR 16! 32 R/W General-purpose registers

FR 16 32 R/W General-purpose registers to FPU
QR 8 128 R/W Customized general-purpose registers
SAR 1 6 R/W Special register

SAR_BYTE 1 4 R/W Customized special register
ACCX 1 40 R/W Customized special register
QACC_H 1 160 R/W Customized special register
QACC_L 1 160 R/W Customized special register
FFT_BIT_WIDTH 1 4 R/W Customized special register
UA_STATE 1 128 R/W Customized special register

" The Xtensa processor has 64 internal AR registers. It is designed with the register windowing tech-
nique, so that the software can only access 16 of the 64 AR registers at any given time. The pro-
gramming performance can be effectively improved by rotating windows, replacing function calls,
and saving registers when exceptions are triggered.
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1.5.1.1 General-Purpose Registers

When using general-purpose register as operands in instructions, you need to explicitly declare the number of the
assigned register. For example:

EEVADDS.S8 ¢2,q0,ql

This instruction uses No.0 and No.1 QR registers as input vectors and stores the vector addition result in the
No.2 QR register.

AR

Each AR register operand in the instruction will occupy a 4-bit code length. You can select any of the 16 AR
registers as operands, and the 4-bit code value indicates the number to declare. The row "a*” in table 1-1 lists
various purposes of AR registers in the extended instruction set, including address storage and data

storage.

FR

Each FR register operand in the instruction will occupy a 4-bit code length. You can select any of the 16 FR
registers as operands, and the 4-bit code value indicates the number to declare. In ESP32-S3 extended
instruction set, there are only read and write instructions for floating-point data. They are 4 times more efficient
than the 32-bit floating-point data R/W instructions that are native to the Xtensa processor, thanks to the 128-bit
access bandwidth.

QR

In order to improve the execution efficiency of the program, operands are usually stored in general-purpose
registers to save time spent in reading from memory. The AR registers native to Xtensa only have 32-bit width,
while ESP32-S3 can access 128-bit data at a time, so they can only use 1/4 bandwidth capacity of the existing
data bus. For this reason, ESP32-S3 has added eight 128-bit customized general-purpose registers, i.e., QR
registers. QR registers are mainly used to store the data acquired/used by the 128-bit data bus to read or write
memory, as well as to temporarily store the operation results generated from 128-bit data operations.

As the processor executes instructions, an individual QR register is treated as 16 8-bit or 8 16-bit or 4 32-bit
operands depending on the vector operation bit width defined by the instruction, thus enabling a single
instruction to perform operations on multiple operands.

1.5.1.2 Special Registers

Different from general-purpose registers, special registers are implicitly called in specific instructions. You do not
need to and cannot specify a certain special register when executing instructions. For example:

EEVMUL.S16 ¢2,q0,ql

This vector multiplication instruction uses g0 and g1 general-purpose registers as inputs. During the internal
operation, the intermediate 32-bit multiplication result is shifted to the right, and then the lower 16-bit of the result
is retained to form a 128-bit output to g2. The shift amount in the process is determined by the value in the Shift
Amount Register (SAR) and this SAR register will not appear in the instruction operand list.
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SAR

The Shift Amount Register (SAR) stores the shift value in bits. There are two types of instructions in ESP32-S3'’s
extended instruction set that use SAR. One is the type of instructions to shift vector data, including EE.VSR.32
and EE.VSL.32. The former uses the lower 5 bits of SAR as the right-shift value, and the latter uses the lower 5
bits of SAR as the left-shift value. The other type is multiplication instructions, including EE.VMUL.*, EE.CMUL.,
EE.FFT.AMS.” and EE.FFT.CMUL.*. This type of instructions uses the value in SAR as the value for the right shift
of the intermediate multiplication result, which determines the accuracy of the final result.

SAR_BYTE

The SAR_BYTE stores the shift value in bytes. This special register is designed to handle the non-aligned 128-bit
data (see Section 1.5.3). For vector arithmetic instructions, the data read or stored by extended instructions are
forced to be 16-byte aligned, but in practice, there is no guarantee that the data addresses used are always
16-byte aligned.

EE.LD.128.USAR.IP and EE.LD.128.USAR.XP instructions write the lower 4-bit values of the memory access
register that represent non-aligned data to SAR_BYTE while reading 128-bit data from memory.

There are two types of instruction in ESP32-5S3’s extended instruction set that use SAR_BYTE. One is dedicated
to handling non-aligned data in QR registers, including EE.SRCQ.* and EE.SRC.Q*. This type of instruction will
read two 16-byte data from two aligned addresses, before and after the non-aligned address, put them together,
and then shift it by the byte size of SAR_BYTE to get a 128-bit data from the non-aligned address. The other
type of instruction handles non-aligned data while executing arithmetic operations, which usually has a suffix of
”.QUP”.

ACCX

Multiplier-accumulator. Instructions such as EE.VMULAS.*. ACCX* and EE.SRS.ACCX use this register during
operations. The former uses ACCX to accumulate all vector multiplication results of two QR registers, and the
latter right shifts the ACCX register.

QACC_H,QACC_L

Successive accumulators partitioned by segments. Instructions such as EE.VMULAS.*.QACC* and
EE.SRCMB.*.QACC use this type of registers during operations. These registers are mainly used to accumulate
vector multiplication results of two QR registers into the corresponding segments of QACC_H and QACC_L
respectively. The 16-bit vector multiplication results are accumulated into the corresponding 16 20-bit segments
respectively and the 32-bit results are accumulated into the corresponding 8 40-bit segement respectively.

FFT_BIT_WIDTH

This special register is dedicated to the EE.BITREV instruction. The value inside this register is used to indicate
the operating mode of EE.BITREV. Its range is 0 ~ 7, indicating 3-bit ~ 10-bit operating mode respectively. For
more details, please refer to instruction EE.BITREV.

UA_STATE

This special register is dedicated to the EE.FFT.AMS.S16.LD.INCP.UAUP instruction. This register is used to
store the non-aligned 128-bit data read from memory. Next time when this instruction is called, the data in this
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register is concatenated to the newly read non-aligned data and then the result is shifted to obtain the 128-bit
aligned data.

1.5.2 Fast GPIO Interface

ESP32-S3’s Xtensa processor adds two signal ports, i.e., GPIO_OUT and GPIO_IN. You can route signals from
the two ports to specified GPIO pins via the GPIO Matrix.

1.5.2.1 GPIO_OUT

An 8-bit processor output interface. Firstly, configure the 8-bit port signals to specified pins via GPIO Matrix. For
core0, their names are pro_alonegpio_outO~7. For corel, their names are core1_gpio_outO~7. Then you can set
certain bits of GPIO_OUT to 1 via instructions EE.WR_MASK_GPIO_OUT and EE.SET_BIT_GPIO_OUT, or set
certain bits to 0 via instruction EE.CLR_BIT_GPIO_OUT, so as to pull certain pins to high level or low level. Using
this method, you can get faster response than pulling pins through register configurations.

1.5.2.2 GPIO_IN

An 8-bit processor input interface. Firstly, configure the 8-bit port signals to specified pins via GPIO Matrix. For
core0, their names are pro_alonegpio_inO~7. For corel, their names are core1_gpio_in0O~7. Then you can read
the eight GPIO pin levels and store them to the AR register through instruction EE.GET_GPIO_IN. Using this
method, you can get and handle the level changes on GPIO pins faster than reading registers to get pin level
status.

1.5.3 Data Format and Alignment

The current extended instruction set supports 1-byte, 2-byte, 4-byte, 8-byte and 16-byte data formats. Besides,
there is also a 20-byte format: QACC_H and QACC_L. However, there is no direct way to switch the data
between the two special registers and memory. You can read and write data of QACC_H and QACC_L via five
4-byte (AR) registers or two 16-byte (QR) registers.

The table 1-3 lists bit length and alignment information for common data format ('x’ indicates that the bit is either
0 and 1). The Xtensa processor uses byte as the smallest unit for addresses stored in memory in all data formats.
And little-endian byte order is used, with byte O stored in the lowest bit (the right side), as shown in Figure

1-4.

Table 1-3. Data Format and Alignment

Data Format | Length | Aligned Addresses in Memory
1-byte 8 bits XXXX
2-byte 16 bits xxx0
4-byte 32 bits xx00
8-byte 64 bits x000
16-byte 128 bit 0000

However, if data is stored in memory at a non-aligned address, direct access to this address may cause it being
split into two accesses, which in turn affects the performance of the code. For example, if you expect to read a
16-byte data from memory, as shown in Table 1-3, the data is stored in memory at 0000 when the data is
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aligned. But actually the data is not aligned, so the low nibble of its address may be any one between 0000 ~
1111 (binary). Assuming the lowest bit of its address is 0_0100, the processor will split the one-time access to
this data into two accesses, i.e., to 0_0000 and 1_0000 respectively. The processor then put together the
obtained two 16-byte data to get the required 16-byte data.

To avoid performance degradation caused by the above non-aligned access operations, all access addresses in
the extended instruction set are forced to be aligned, i.e., the lowest bits will be replaced by 0. For example, if a
read operation is initiated for 128-bit data at 0x3fc8_0024, the lowest 4-bit of this access address will be forced
to be set to 0. Eventually, the 128-bit data stored at 0x3fc8_0020 will be read. Similarly, the lowest 3-bit of the
access address for 64-bit data will be set to O; the lowest 2-bit of the access address for 32-bit data will be set to
0; the lowest 1-bit of the access address for 16-bit data will be set to 0.

The above design requires aligned addresses of the access operations initiated. Otherwise, the data read will not
be what you expected. In application code, you need to explicitly declare the alignment of the variable or array in
memory. 16-byte alignment can meet the needs of most application scenarios.

The aligned(16) parameter declares that the variable is stored in a 16-byte aligned memory address. You can
also request a data space with its starting address 16-byte aligned via heap_caps_aligned_alloc.

Since the memory address of the data involved in some operations is uncertain in specific application scenarios,
this extended instruction set provides a special register SAR_BYTE and related instructions such as
EE.LD.128.USAR.” and EE.SRC.*, to handle non-aligned data.

Assume that the 128-bit non-aligned data address is stored in the general-purpose register a8. This 128-bit data
can be read into the specified QR register (g2 in the following example) by the following code:

FE.LD.128.USAR.IP q0, a8, 16
FEEVLD128.1P ql, a8, 16
EE.SRC.Q q2, q0, ql

1.5.4 Data Overflow and Saturation Handling

Data overflow means that the size of the operation result exceeds the maximum value that can be stored in the
result register. Take the EE.VMUL.S8 instruction as an example, the result of two 8-bit multipliers is 16-bit, and it
should still be 16-bit after right-shifting. However, the final result will be stored in the 8-bit register, which may
cause the risk of data overflow.

In the design of the ESP32-53’s instruction extensions, there are two ways to handle data overflow, namely
taking saturation and truncating the least significant bit. The former controls the calculation result according the
range of values that can be stored in the result register. If the result exceeds the maximum value of the result
register, take the maximum value; if the result is smaller than the minimum value of the result register, take the
minimum value. This approach will be explicitly indicated in the instruction descriptions. For example, the
EE.VADDS.* instructions perform saturation to the results of addition operations. Regarding the data overflow
handling for more instructions of their internal calculation results, the wraparound approach is used, i.e., only the
lower bit of the result that is consistent with the bit width of the result register will be retained and stored in the
result register.

Please note that for instructions that do not mention saturation handling method, the wraparound approach will
be used.
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1.6 Extended Instruction List

Table 1-4 lists instruction types and corresponding instruction information included in the extended instruction
set. This section gives brief introduction to all types of instructions.
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Table 1-4. Extended Instruction List

Instruction Type

Instruction’

Reference
Section

Read instructions

EE.VLD.128.[XP/IP]

EE.VLD.[H/L].64.[XP/IP]

EE.VLDBC.[8/16/32].[-/XP/IP]

EE.VLDHBC.16.INCP

EE.LDF.[64/128].[XP/IP]

EE.LD.128.USAR.[XP/IP]

EE.LDQA.[U/S][8/16].128.[XF/IP]

EE.LD.QACC_[H/L].[H.32/L.128].IP

EE.LD.ACCX.IP

EE.LD.UA_STATE.IP

EE.LDXQ.32

1.6.1

Write instructions

EE.VST.128.[XP/IP]

EE.VST.[H/L].64.[XP/IP]

FE.STF.[64/128].[XP/IP]

EE.ST.QACC_[H/L].[H.32/L.128].IP

EE.ST.ACCX.IP

EE.ST.UA_STATE.IP

EE.STXQ.32

1.6.2

Arithmetic instructions

EE.VADDS.S[8/16/32].]-/LD.INCP/ST.INCP]

EE.VSUBS.S[8/16/32].[-/LD.INCP/ST.INCP]

EE.VMUL.[U/S][8/16].[-/LD.INCP/ST.INCP]

EE.CMUL.S16.[-/LD.INCP/ST.INCP]

EE.VMULAS.[U/S][8/16]. ACCX.[-/LD.IP/LD.XP]

EE.VMULAS.[U/S][8/16].QACC.[-/LD.IP/LD.XP/LDBC.INCP]

EE.VMULAS.[U/S][8/16].ACCX.[LD.IP/LD.XP.QUP

EE.VMULAS.[U/S][8/16].QACC.[LD.IP/LD.XP/LDBC.INCP].QUP

EE.VSMULAS.S[8/16].QACC.[-/LD.INCP]

EE.SRCMB.S[8/16].QACC

EE.SRS.ACCX

EE.VRELU.S[8/16]

EE.VPRELU.S[8/16]

1.6.4

Comparison instructions

EE.VMAX.S[8/16/32].[-/LD.INCP/ST.INCP]

EE.VMIN.S[8/16/32].[-/LD.INCP/ST.INCP]

EE.VCMP[EQ/LT/GT].S[8/16/32]

1.6.5

Bitwise logic instructions

EE.ORQ

EE.XORQ

EE.ANDQ

EE.NOTQ

1.6.6
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Table1-4 — con’t from previous page

Reference

Instruction Type Instruction’ .
Section

EE.SRC.Q
EE.SRC.Q.QUP
EE.SRC.Q.LD.[XP/IP]
EE.SLCL.2Q

i . EE.SLCXXP.2Q

Shift instructions 1.6.7
EE.SRCI.2Q
EE.SRCXXP.2Q
EE.SRCQ.128.ST.INCP
EE.VSR.32

EE.VSL.32

EE.FFT.R2BF.S16.[-/ST.INCP]
EE.FFT.CMUL.S16.[LD.XP/ST.XP]
FFT dedicated instructions EE.BITREV 1.6.8

EE.FFT.AMS.S16.[LD.INCP.UAUP/LD.INCP/LD.R32.DECP/ST.INCP
EE.FFT.VST.R32.DECP

EE.WR_MASK_GPIO_OUT
, ) EE.SET_BIT_GPIO_OUT

GPIO control instructions 1.6.9
EE.CLR_BIT_GPIO_OUT

EE.GET_GPIO_IN

RSR.”
WSR.*
Processor control instructions | XSR.* 1.6.10
RUR.”
WUR.*

" For detailed information of these instructions, please refer to Section 1.8.

1.6.1 Read Instructions

Read instructions tell the processor to issue a virtual address to access memory based on the AR register that
stores access address information. Most read instructions read memory first, and then update the access
address. EE.LDXQ.32 is a special case where the instruction first selects a piece of 16-bit data in the QR register
via an immediate value, adds it to the access address, and then issues the access operation.

Since access to non-aligned addresses will cause slower response, all virtual addresses issued by read
instructions in the extended instruction set are forced to be aligned according to data formats. Depending on the
size of the access data format, corresponding length of data will be returned by memory as 1-byte, 2-byte,
4-byte, 8-byte or 16-byte. When the data read after forced alignment is not as expected, the desired data can be
extracted from multiple QR registers using instructions such as EE.SRC.Q.

The table below briefly describes the access operations performed by read instructions. For detailed information
about read instructions, please see Section 1.8.
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Table 1-5. Read Instructions

Instructions

Description

EE.VLD.128.XP

Read the 16-byte data, then add the value stored in the AR register to the access
address.

EE.VLD.128.IP

Read the 16-byte data, then add the immediate value to the access address.

EE.VLD.[H/L].64.XP

Read the 8-byte data, then add the value stored in the AR register to the access
address.

EE.VLD.[H/L].64.IP

Read the 8-byte data, then add the immediate value to the access address.

EE.VLDBC.[8/16/32]

Read the 1-byte/2-byte/4-byte data.

EE.VLDBC.[8/16/32].XP

Read the 1-byte/2-byte/4-byte data, then add the value stored in the AR register
to the access address.

EE.VLDBC.[8/16/32].IP

Read the 1-byte/2-byte/4-byte data, then add the immediate value to the access
address.

EE.VLDHBC.16.INCP

Read the 16-byte data, then add 16 to the access address.

EE.LDF.[64/128] XP

Read the 8-byte/16-byte data, then add the value stored in the AR register to the
access address.

EE.LDF.[64/128].IP

Read the 8-byte/16-byte data, then add the immediate value to the access ad-
dress.

EE.LD.128.USAR.XP

Read the 16-byte data, then add the value stored in the AR register to the access
address.

EE.LD.128.USAR.IP

Read the 16-byte data, then add the immediate value to the access address.

EE.LDQA.U8.128.[XP/IP]

Read the 16-byte data and slice it by 1-byte, and zero-extend it to 20-bit data,
which then will be written to register QACC_H and QACC_L, and finally add the
value stored in the AR register or the immediate value to the access address.

EE.LDQA.U16.128.XP

Read the 16-byte data and slice it by 2-byte, and zero-extend it to 40-bit data,
which then will be written to register QACC_H and QACC_L, and finally add the
value stored in the AR register or the immediate value to the access address.

EE.LDQA.S8.128.XP

Read the 16-byte data and slice it by 1-byte, then sign-extend it to 20-bit data,
which then will be written to register QACC_H and QACC_L, and finally add the
value stored in the AR register or the immediate value to the access address.

EE.LDQA.516.128.XP

Read the 16-byte data and slice it by 1-byte, then sign-extend it to 40-bit data,
which then will be written to register QACC_H and QACC_L, and finally add the
value stored in the AR register or the immediate value to the access address.

EE.LD.QACC_[H/L].H.32.IP

Read the 4-byte data, then add the immediate value to the access address.

EE.LD.QACC_[H/L].L.128.IP

Read the 16-byte data, then add the immediate value to the access address.

EE.LD.ACCX.IP Read the 8-byte data, then add the immediate value to the access address.
EE.LD.UA_STATE.IP Read the 16-byte data, then add the immediate value to the access address.
EE.LDXQ.32 Update access address first, then read the 4-byte data.

1.6.2 Write Instructions

The write instructions tells the processor to issue a virtual address to access memory based on the AR register
that stores the information about access addresses. Most write instructions write memory first then update the
access addresses, except for the EE.STXQ.32 instruction, which selects a piece of 16-bit data first from the QR

register via an immediate value, adds it to the access address, and then issues the access operation.
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Since access to non-aligned addresses will cause slower response, all virtual addresses issued by write
instructions in the extended instruction set are forced to be aligned according to data format. Depending on the
size of the access data format, corresponding length of data will be written to memory as 1-byte, 2-byte, 4-byte,
8-byte or 16-byte. When the data length to be written to memory is less than the access bit length, it is
necessary to perform zero extension or sign extension on this data.

The table below briefly describes the access operations performed by write instructions. For detailed information,
please refer to Section 1.8.

Table 1-6. Write Instructions

Instructions Description

Write the 16-byte data to memory, then add the value stored in the AR
EE.VST.128.XP ,

register to the access address.

Write the 16-byte data to memory, then add the immediate value to the
EE.VST.128.IP

access address.

Write the 8-byte data to memory, then add the value stored in the AR
EE.VST.[H/L].64.XP ,
register to the access address.

Write the 8-byte data to memory, then add the immediate value to the
EE.VST.[H/L].64.IP
access address.

Write the 8-byte/16-byte data to memory, then add the value stored in the
EE.STR.[64/128].XP ,
AR register to the access address.

Write the 8-byte/16-byte data to memory, then add the immediate value

EE.STF.[64/128].IP
to the access address.

Write the 4-byte data to memory, then add the immediate value to the
EE.ST.QACC_[H/L].H.32.1P
access address.

Write the 16-byte data to memory, then add the immediate value to the
EE.ST.QACC_[H/L].L.128.IP
access address.

Zero-extend the value in the ACCX register to 8-byte data and write it to
EE.ST. ACCX.IP . .
memory, then add the immediate value to the access address.

Write the 16-byte data to memory, then add the immediate value to the
EE.ST.UA_STATE.IP
access address.

EE.STXQ.32 Update the access address first, then write the 4-byte data to memory.

1.6.3 Data Exchange Instructions

Data exchange instructions are mainly used to exchange data information between different registers.
Considering the bit width of the exchange registers are different, the immediate value are added as the selection
signal, and zero extension and sign extension instructions are provided also. A variety of data exchange
instructions can meet the data exchange requirements for users under various scenarios.

For detailed information about data exchange instructions, please refer to Section 1.8.

Table 1-7. Data Exchange Instructions

Instructions Description
EE.MOVI.32.A Assign a piece of 32-bit data from the QR register to the AR register.
Espressif Systems 51 ESP32-S3 TRM (Version 1.2)

Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.2

1 Processor Instruction Extensions (PIE) GoBack

Instructions Description

Assign the data stored in the AR register to a piece of 32-bit data space
EE.MOVI.32.Q , .

in the QR register.
EE.VZIP.[8/16/32] Encoding the two QR registers in 1-byte/2-byte/4-byte unit.
EE.VUNZIP.[8/16/32] | Decoding the two QR registers in 1-byte/2-byte/4-byte unit.
EE.ZERO.Q Clear a specified QR register.
EE.ZERO.QACC Clear QACC_H and QACC_L registers.
EE.ZERO.ACCX Clear a specified ACCX register.

Slice the QR register by 1-byte, and sign-extend it to 20-bit data, then
EE.MOV.S8.QACC _ , ,

assign this value to QACC_H and QACC_L registers.

Slice the QR register by 2-byte, and sign-extend it to 40-bit data, then
EE.MOV.S16.QACC _ , ,

assign this value to QACC_H and QACC_L registers.

Slice the QR register by 1-byte, and zero-extend it to 20-bit, then assign
EE.MOV.U8.QACC , .

this value to QACC_H and QACC_L registers.

Slice the QR register by 2-byte, and zero-extend it to 40-bit data, then
EE.MOV.U16.QACC , , .

assign this value to QACC_H and QACC_L registers.

1.6.4 Arithmetic Instructions

Arithmetic instructions mainly use the SIMD (Single Instruction Multiple Data) principle for vector data operations,
including vector addition, vector multiplication, vector complex multiplication, vector multiplication accumulation,
vector and scalar multiplication accumulation, etc.

Vector Addition Instructions

ESP32-S3 provides vector addition and subtraction instructions for data in 1-byte, 2-byte and 4-byte
units.

Considering that the input and output operands required for vector operations are stored in memory, in order to
reduce extra operations as reading memory and to improve the speed of code execution, vector addition
instructions are designed to perform the addition and the 16-byte access at the same time, and the value in the
address register is increased by 16 after the access, thus directly pointing to the next continuous 16-byte
memory address. You can select the appropriate instruction according to the actual algorithm needs.

In addition, vector addition instructions also saturate the result of addition and subtraction to ensure the accuracy
of arithmetic operations.

Table 1-8. Vector Addition Instructions

Instructions Description
EE.VADDS.S[8/16/32] Perform vector addition operation on 1-byte/2-byte/4-byte data.

Perform vector addition operation on 1-byte/2-byte/4-byte data,

EE.VADDS.S[8/16/32].L.D.INCP ,
and read 16-byte data from memory at the same time.

Perform vector addition operation on 1-byte/2-byte/4-byte data,
and write 16-byte data to memory at the same time.
EE.VSUBS.S[8/16/32] Perform vector subtraction operation on 1-byte/2-byte/4-byte data.
Perform vector subtraction operation on 1-byte/2-byte/4-byte data,
and read 16-byte data from memory at the same time.

EE.VADDS.S[8/16/32].ST.INCP

EE.VSUBS.S[8/16/32].LD.INCP
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Instructions Description
Perform vector subtraction operation on 1-byte/2-byte/4-byte data,

EE.VSUBS.S[8/16/32].ST.INCP

and write 16-byte data to memory at the same time.

Vector Multiplication Instructions

ESP32-S3 provides vector multiplication instructions for data in 1-byte and 2-byte units, and supports unsigned
and signed vector multiplication.

Considering that the input and output operands required for vector operations are stored in memory, in order to
reduce extra operations as reading memory and improve the speed of code execution, vector multiplication
instructions are designed to perform the multiplication and access 16 bytes at the same time, and the access
address is increased by 16 after the access, thus directly pointing to the next 16-byte memory address. You can
select the appropriate instruction according to the actual algorithm needs.

Table 1-9. Vector Multiplication Instructions

Instructions Description
EE.VMUL.U[8/16] Perform vector multiplication operation on unsigned 1-byte/2-byte data.
EE.VMUL.S[8/16] Perform vector multiplication operation on signed 1-byte/2-byte data.

Perform vector multiplication operation on unsigned 1-byte/2-byte data,
EE.VMUL.U[8/16].LLD.INCP ,
and read 16-byte data from memory at the same time.

Perform vector multiplication operation on signed 1-byte/2-byte data, and
EE.VMUL.S[8/16].LD.INCP ,
read 16-byte data from memory at the same time.

Perform vector multiplication operation on unsigned 1-byte/2-byte data,
and write 16-byte data to memory at the same time.

Perform vector multiplication operation on signed 1-byte/2-byte data, and
write 16-byte data to memory at the same time.

EE.VMUL.U[8/16].ST.INCP

EE.VMUL.S[8/16].ST.INCP

Vector Complex Multiplication Instructions

ESP32-S3 provides vector complex multiplication instructions for data in 2-byte unit. The instruction operands
are executed as signed data.

Considering that the input and output operands required for vector operations are stored in memory, in order to
reduce extra operations as reading memory and improve the speed of code execution, vector complex
multiplication instructions are designed to perform the multiplication and access 16 bytes at the same time, and
the access address is increased by 16 after the access, thus directly pointing to the next 16-byte memory
address. You can select the appropriate instruction according to the actual algorithm needs.

Table 1-10. Vector Complex Multiplication Instructions

Instructions Description
EE.CMUL.S16 Perform vector complex multiplication operation to 2-byte data.

Perform vector complex multiplication operation to 2-byte data, and
EE.CMUL.S16.LD.INCP .
read 16-byte data from memory at the same time.

Perform vector complex multiplication operation to 2-byte data, and

EE.CMUL.S16.ST.INCP , _
write 16-byte data to memory at the same time.
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Vector Multiplication Accumulation Instructions

ESP32-S3 provides two types of vector multiplication accumulation instructions: one is based on the ACCX

register, accumulating multiple vector multiplication results to a 40-bit ACCX register; and the other is based on
QACC_H and QACC_L registers, accumulating vector multiplication results to the corresponding bit segments of
QACC_H and QACC_L registers respectively. Both types of above-mentioned instructions support multiplication

accumulation on 1-byte and 2-byte segments.

In order to reduce extra operations as reading memory and improve the speed of code execution, vector

multiplication accumulation instructions are designed to perform the multiplication accumulation and access 16

bytes at the same time, and the access address is increased by the value in the AR register or by the immediate

value after the access.

In addition, instructions with the "QUP” suffix in the vector multiplication accumulation instructions also support
extracting 16-byte aligned data from the unaligned address.

Table 1-11. Vector Multiplication Accumulation Instructions

Instructions

Description

EE.VMULAS.[U/S][8/16].ACCX

Perform vector multiplication accumulation to signed/un-
signed data in 1-byte/2-byte segment, and store the result
to the ACCX register temporarily.

EE.VMULAS.[U/S][8/16].ACCX.LD.IP

Perform vector multiplication accumulation to signed/un-
signed data in 1-byte/2-byte segment, and store the result to
the ACCX register temporarily, then read 16-byte data from
memory. Add immediate to address register.

FE.VMULAS.[U/S][8/16].ACCX.LD.XP

Perform vector multiplication accumulation to signed/un-
signed data in 1-byte/2-byte segment, and store the result to
the ACCX register temporarily, then read 16-byte data from
memory. Add the value of AR register to address register.

EE.VMULAS.[U/S][8/16].ACCX.LD.IP.QUP

Perform vector multiplication accumulation to signed/un-
signed data in 1-byte/2-byte segment, and store the result to
the ACCX register temporarily. Then read 16-byte data from
memory and output a 16-byte aligned data. Add immediate
to address register.

EE.VMULAS.[U/S][8/16].ACCX.LD.XP.QUP

Perform vector multiplication accumulation to signed/un-
signed data in 1-byte/2-byte segment, and store the result to
the ACCX register temporarily. Then read 16-byte data from
memory and output a 16-byte aligned data. Add the value
of AR register to address register.

EE.VMULAS.[U/S][8/16].QACC

Perform vector multiplication operation on signed/unsigned
data in 1-byte/2-byte segment, and accumulate the results
to corresponding bit segments in QACC_H and QACC_L
registers.
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Instructions

Description

EE.VMULAS.[U/S][8/16].QACC.LD.IP

Perform vector multiplication operation on signed/unsigned
data in 1-byte/2-byte segment, and accumulate the results
to corresponding bit segments in QACC_H and QACC_L
registers, then read 16-byte data from memory. Add imme-
diate to address register.

EE.VMULAS.[U/S][8/16].QACC.LD.XP

Perform vector multiplication operation on signed/unsigned
data in 1-byte/2-byte segment, and accumulate the results
to corresponding bit segments in QACC_H and QACC_L
registers, then read 16-byte data from memory. Add the
value of AR register to address register.

EE.VMULAS.[U/S][8/16].QACC.LDBC.INCP

Perform vector multiplication operation on signed/unsigned
data in 1-byte/2-byte segment, and accumulate the results
to corresponding bit segments in QACC_H and QACC_L
registers. Then read 1-byte/2-byte data from memory and
broadcast it to the 128-bit QR register. Add 16 to address
register.

EE.VMULAS.[U/S][8/16].QACC.LD.IP.QUP

Perform vector multiplication operation on signed/unsigned
data in 1-byte/2-byte segment, and accumulate the results
to the corresponding bit segments in QACC_H and QACC_L
registers. At the same time, read 16-byte data from mem-
ory and output a 16-byte aligned data. Add immediate to
address register.

EE.VMULAS.[U/S][8/16].QACC.LD.XP.QUP

Perform vector multiplication operation on signed/unsigned
data in 1-byte/2-byte segment, and accumulate the results
to the corresponding bit segments in QACC_H and QACC_L
registers. At the same time, read 16-byte data from mem-
ory and output a 16-byte aligned data. Add the value of AR
register to address register.

EE.VMULAS.[U/S][8/16].QACC.LDBC.INCP.QUP

Perform vector multiplication operation on signed/unsigned
data in 1-byte/2-byte segment, and accumulate the results
to the corresponding bit segments in QACC_H and QACC_L
registers. At the same time, read 1-byte/2-byte data from
memory and broadcast it to the 128-bit QR register, then
output a 16-byte aligned data. Add 16 to address register.

Vector and Scalar Multiplication Accumulation Instructions

The function of this type of instructions is similar to that of the vector multiplication accumulation instructions

based on QACC_H and QACC_L registers, except that one of the binocular operands is a vector and the other is

a scalar. It also contains instructions that can execute access operation while vector operations are

performed.
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Table 1-12. Vector and Scalar Multiplication Accumulation Instructions

Instructions Description

Perform vector and scalar multiplication accumulation on signed
EE.VSMULAS.S[8/16].QACC ,
data in 1-byte/2-byte segment.

Perform vector and scalar multiplication accumulation on signed
EE.VSMULAS.S[8/16].QACC.LD.INCP | data in 1-byte/2-byte segment, and read 16-byte data from mem-
ory at the same time. Add 16 to address register.

Other Instructions

This section contains instructions that perform arithmetic right-shifting on multiplication accumulation results in
QACC_H, QACC_L and ACCX. You can set the shifting value to obtain the multiplication accumulation results
within the expected accuracy range.

In addition, it also contains vector multiplication instructions with enabling conditions.

Table 1-13. Other Instructions

Instructions Description
Perform signed right-shifting on data in QACC_H and QACC_L registers
in segment unit.

EE.SRCMB.S[8/16].QACC

EE.SRS.ACCX Perform signed right-shifting on data in the ACCX register.
EE.VRELU.S[8/16] Perform vector and scalar multiplication based on enabling conditions.
EE.VPRELU.S[8/16] Perform vector-to-vector multiplication based on enabling conditions.

1.6.5 Comparison Instructions

Vector comparison instructions compare data in the unit of 1 byte, 2 bytes, or 4 bytes, including the instructions
that take the larger/smaller one between the compared two values, that set all bits to 1 when the two values are
equal and set them to 0 when they are not equal, that set all bits to 1 when the former value is larger than the
latter and otherwise set them to O, and that set all bits to 1 when the former value is smaller than the latter and
otherwise set them to 0.

Considering that the input and output operands required for vector operations are stored in memory, in order to
reduce extra operations as reading memory and improve the speed of code execution, access instructions to
16-byte addresses are performed at the same time as vector operations, and the access address is increased by
16 after the access, thus directly pointing to the next 16-byte memory address. You can select the appropriate
instruction according to the actual algorithm needs.

Table 1-14. Comparison Instructions

Instructions Description

EE.VMAX.S[8/16/32] Take the larger value between the two 1-byte/2-byte/4-byte values.

Take the larger value between the two 1-byte/2-byte/4-byte values, and
read 16-byte data from memory at the same time.

Take the larger value between the two 1-byte/2-byte/4-byte values, and
write 16-byte data to memory at the same time.

EE.VMAX.S[8/16/32].LD.INCP

EE.VMAX.S[8/16/32].ST.INCP
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Instructions Description

EE.VMIN.S[8/16/32] Take the smaller value between the two 1-byte/2-byte/4-byte values.
Take the smaller value between the two 1-byte/2-byte/4-byte values, and
read 16-byte data from memory at the same time.

Take the smaller value between the two 1-byte/2-byte/4-byte values, and
write 16-byte data to memory at the same time.

Compare two 1-byte/2-byte/4-byte values, set all bits to 1 when the two
values are equal, or set all bits to O when they are not equal.

Compare two 1-byte/2-byte/4-byte values, set all bits to 1 when the former
value is smaller than the latter one, or set them to O otherwise.

Compare two 1-byte/2-byte/4-byte values, set all bits to 1 when the former
value is larger than the latter one, or set them to O otherwise.

EE.VMIN.S[8/16/32].LD.INCP

EE.VMIN.S[8/16/32].ST.INCP

EE.VCMP.EQ.S[8/16/32]

FE.VCMPLT.S[8/16/32]

EE.VCMP.GT.S[8/16/32]

1.6.6 Bitwise Logical Instructions

Bitwise logical instructions include bitwise logical OR, bitwise logical AND, bitwise logical XOR and bitwise NOT
instructions.

Table 1-15. Bitwise Logical Instructions

Instructions | Description

EE.ORQ Bitwise logical OR ga = qx|qy
EE.XORQ Bitwise logical XOR ga = qx " qy
EE.ANDQ Bitwise logical AND qa = qz&qy
EE.NOTQ Bitwise NOTqa = ~qx

1.6.7 Shift Instructions

Shift instructions include vector left-shift and vector right-shift instructions in 4-byte processing units as well as
left-shift and right-shift instructions for spliced 16-byte data. The shift value of the former type is determined by
the SAR register; while the shift value of the latter type can be determined by the SAR_BYTE register, the
immediate value, or the lower bits in the AR register. You can select appropriate instructions based on you
application needs.

All the shift instructions mentioned above are performed based on signed bits.

Table 1-16. Shift Instructions

Instructions Description

Perform logical right-shift on the spliced 16-byte data, and the shift value
is determined by the SAR_BYTE register.

Perform logical right-shift on the spliced 16-byte data, and the shift value
EE.SRC.Q.QUP is determined by the SAR_BYTE register. Meanwhile, the higher 8-byte
data is saved.

Perform logical right-shift on the spliced 16-byte data, and the shift value
EE.SRC.Q.LD.XP is determined by the SAR_BYTE register. At the same time, read 16-byte
data from memory and add a register value to the read address.

EE.SRC.Q
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Instructions Description

Perform logical right-shift on the spliced 16-byte data, and the shift value
EE.SRC.Q.LD.IP is determined by the SAR_BYTE register. At the same time, read 16-byte
data from memory and add an immediate number to the read address.

Perform logical left-shift on the spliced 16-byte data, and the shift value is

EE.SLCI.2Q , . .

determined by the immediate value.

Perform logical left-shift on the spliced 16-byte data, and the shift value is
EE.SLCXXP.2Q , , ,

determined by the value in the AR register.

Perform logical right-shift on the spliced 16-byte data, and the shift value
EE.SRCI.2Q , , ' ,

is determined by the immediate value.

Perform logical right-shift on the spliced 16-byte data, and the shift value
EE.SRCXXP.2Q

is determined by the value in the AR register.

Perform logical right-shift on the spliced 16-byte data, which will be written
to memory after the shift.

EE.VSR.32 Perform vector arithmetic right-shift on the 4-byte data.

EE.VSL.32 Perform vector arithmetic left-shift on the 4-byte data.

EE.SRCQ.128.ST.INCP

1.6.8 FFT Dedicated Instructions

FFT (Fast Fourier Transform) dedicated instructions include butterfly computation instructions, bit reverse
instruction, and real number FFT instructions.

Butterfly Computation Instructions
Butterfly computation instructions support radix-2 butterfly computation.

Table 1-17. Butterfly Computation Instructions

Instructions Description
EE.FFT.R2BF.S16. Perform radix-2 butterfly computation.
Perform radix-2 butterfly computation, and write the 16-byte result

EE.FFT.R2BF.S16.ST.INCP )
to memory at the same time.

Perform radix-2 complex butterfly computation, and read 16-byte
EE.FFT.CMUL.S16.LD.XP ,
data from memory at the same time.

Perform radix-2 complex butterfly computation, and write the 16-
EE.FFT.CMUL.S16.ST.XP byte data (consists of the result and partial data segments in QR
register) to memory at the same time.

Bit Reverse Instruction
The reverse bit width of this instruction is determined by the value in the FFT_BIT_WIDTH register.

Table 1-18. Bit Reverse Instruction

Instruction | Description
EE.BITREV | Bit reverse instruction.
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Real Number FFT Instructions

A single real number FFT instruction can perform a series of complex calculations including addition,
multiplication, shifting, etc.

Table 1-19. Real Number FFT Instructions

Instructions Description

Perform complex calculations and read 16-byte data from memory

EE.FFT.AMS.S16.LD.INCP.UAUP ) )
at the same time, then output 16-byte aligned data.

Perform complex calculations and read 16-byte data from memory

EE.FFT.AMS.S16.LD.INCP , ,
at the same time. Add 16 to address register.

Perform complex calculations and read 16-byte data from memory
EE.FFT.AMS.S16.LD.R32.DECP | at the same time. Reverse the word order of read data. Add 16 to
address register.

Perform complex calculation and write 16-byte data (consists of the
EE.FFT.AMS.S16.ST.INCP data in AR and partial data segments in QR) to memory at the same
time.

Splice the QR register in 2-byte unit, shift the result and write this
16-byte data to memory.

EE.FFT.VST.R32.DECP

1.6.9 GPIO Control Instructions

GPIO control instructions include instructions to drive GPIO_OUT and get the status of GPIO_IN.

Table 1-20. GPIO Control Instructions

Instruction Description
EE.WR_MASK_GPIO_OUT | Set GPIO_OUT by mask.
EE.SET_BIT_GPIO_OUT Set GPIO_OUT.
EE.CLR_BIT_GPIO_OUT Clear GPIO_OUT.
EE.GET_GPIO_IN Get the status of GPIO_IN.

1.6.10 Processor Control Instructions

As illustrated in Section 1.5.1.2, there are various special registers inside the ESP32-S3 processor. In order to
facilitate the read and write of the values in such special registers, the following types of processor control
instructions are provided to realize the data transfer between the special registers and the AR registers.

RSR.* Read Special register
Can read the value from special registers that come with the processor to the AR register. “x” stands for special
registers, which only include the SAR register.

WSR.* Write Special register
Can modify the value in special registers that come with the processor via the AR register. “x” stands for special
registers, which only include the SAR register.

XSR.* Exchange Special register
Can exchange the values inside the AR register and special registers. “x” stands for special registers, which only
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include the SAR register.

RUR.* Read User-defined register

Can read the value from user-defined special registers in the processor to the AR register. “x” stands for special
registers, which include SAR_BYTE, ACCX, QACC_H, QACC_L, FFT_BIT_WIDTH and UA_STATE

registers.

WSR.* Write User-defined register

Can modify the value in user-defined special registers via the AR register. “«” stands for special registers, which
include SAR_BYTE, ACCX, QACC_H, QACC_L, FFT_BIT_WIDTH and UA_STATE registers.

For special registers that exceed 32-bit width, the ”_n” suffix is used to distinguish the instructions that read or
write different 32-bit segments from the same special register. Taking reading data from the ACCX register as an
example, there are two RUR.* instructions, namely RUR.ACCX_0 and RUR.ACCX_1. The former reads the lower
32-bit data from the ACCX register and write it to the AR register; the latter read the left higher 8-bit data from the
ACCKX register, perform zero extension and write the result to the AR register. Accordingly, QACC_H and
QACC_L registers realize data transfer via the five AR registers.
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1.7 Instruction Performance

For processors designed based on a pipeline, it is ideal that CPU issues one instruction onto the pipeline per
processor cycle. The ESP32-S3 Xtensa processor adopts the 5-stage pipeline technology: | (instruction fetch), R
(decode), E (execute), M (memory access), and W (write back). Table 1-21 shows what the processor does at
each pipeline stage.

Table 1-21. Five-Stage Pipeline of Xtensa Processor

Pipeline Stage | Number | Operation
I - Align instructions (24-bit and 32-bit instructions supported)
R 0 Read the general-purpose registers AR and QR
Decode instructions, detect interlocks, and forward operands
For arithmetic instructions, the ALU (addition, subtraction, multiplication, etc.) works
E 1 For read memory instructions, generate virtual addresses for memory access
For branch jump instructions, select jump addresses
M 2 Issue read and write memory accesses
wW 3 Write back to registers the calculated results and the data read from memory

The processor cannot issue an instruction to the pipeline until all the operands and hardware resources required
for the operation are ready. However, there are the following hazards in the actual program running process,
which can cause stopped pipeline and delayed implementation of instructions.

1.7.1 Data Hazard

When instruction A writes the result to register X (including explicit general-purpose registers and implicit special
registers), and instruction B needs to use the same register as an input operand, this case is referred to as that
instruction B depends on instruction A. If instruction A prepares the result to be written to register X at the end of
the SA pipeline stage, and instruction B reads the data in register X at the beginning of the SB pipeline stage,
then instruction A must be issued D=max(SA-SB+1, 0) cycles before instruction B.

If the processor fetches instruction B less than D cycles after instruction A, the processor delays issuing
instruction B until D cycles have passed. The act of a processor delaying an instruction because of pipeline
interactions is called an interlock.

Suppose the SA pipeline stage of instruction A is W and the SB pipeline stage of instruction B is E, instruction B
is issued to the pipeline D=max(2-1+1, 0)=2 cycles later than instruction A as shown in Figure 1-6.

When the output operand of an instruction is designed to be available at the end of a pipeline stage, it means that
the operation of the instruction is over. Usually, instructions that depend on this result data must wait until the
output operand is written to the corresponding register before retrieving it from the corresponding register. The
Xtensa processor supports the "bypass” operation. It detects when the input operand of an instruction is
generated at which pipeline stage of the instruction and does not need to wait for the data to be written to the
register. It can directly forward the data from the pipeline stage where it is generated to the stage where it is
needed.
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Figure 1-6. Interlock Caused by Instruction Operand Dependency

Data dependencies between instructions are determined by the dependencies between operands and the

pipeline stage at which reads and writes happen. Table 1-22 lists all operands of the ESP32-S3 extended

instructions, including implicit special register write (def) and read (use) pipeline stage information.

Table 1-22. Extended Instruction Pipeline Stages

. Operand Pipeline Stage Special Register Pipeline Stage
Instruction
Use Def Use Def
EE.ANDQ ax1,ay1 ga — —
FFT_BIT_WIDTH
EE.BITREV ax 1 gal,ax ’ —
EE.CLR_BIT_GPIO_OUT — — GPIO_OUT 1 GPIO_OUT 1
EE.CMUL.S16 ax1,ay1 gz 2 SAR 1 —
EE.CMUL.S16.LD.INCP as1,gx1,qy1 qu2,as1,gz2 | SAR1 —
qv2,as1,gx1,
EE.CMUL.S16.ST.INCP ] as1,gz2 SAR 1 —
ay
as 1, 1, 1, 2,as1,0z2,
EE.FFT.AMS.S16.LD.INCP RO L e S FS _
gm 1 gzl 2
SAR 1,
as1,ox1,qy1, | qu2,as1,q9z2,
EE.FFT.AMS.S16.LD.INCP.UAUP SAR_BYTE UA_STATE 1
gm 1 gz12
1, UA_STATE 1
as 1, 1, 1, 2,as1,0z2,
EE.FFT.AMS.S16..D.R32.DECP RO au= 8s i, gz SAR 1 —
gm 1 gzl 2
qv2,as01,as1, | gz1 2, as0 2, as
EE.FFT.AMS.S16.ST.INCP SAR 1 —
gx1l,gy1l,gm1 | 1
as1,ad1,gx 1,
EE.FFT.CMUL.S16.LD.XP ’ qu2,as1,0z2 | SAR1 —
ay
agx1,qy1,aqvz,
EE.FFT.CMUL.S16.ST.XP as 1 SAR 1 —
as 1,ad 1
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EE.FFT.R2BF.S16 gx1,qy1 ga0 1, gal 1 — —
EE.FFT.R2BF.S16.ST.INCP gx1,qy1,as1 ga0 1, as 1 — —
EE.FFT.VST.R32.DECP qv 2, as 1 as 1 — —
EE.GET_GPIO_IN — au 1 GPIO_IN 1 —
EE.LD.128.USAR.IP as 1 qu?2,as — SAR_BYTE 1
EE.LD.128.USAR.XP as1,ad 1 qu?2,as — SAR_BYTE 1
EE.LD.ACCX.IP as 1 as 1 — ACCX 2
EE.LD.QACC_H.H.32.IP as 1 as 1 QACC_H 1 QACC_H 2
EE.LD.QACC_H.L.128.IP as 1 as 1 QACC_H 1 QACC_H 2
EE.LD.QACC_L.H.32.IP as 1 as 1 QACC_L 1 QACC_L 2
EE.LD.QACC_L.L.128.IP as 1 as 1 QACC_L 1 QACC_L 2
EE.LD.UA_STATE.IP as 1 as 1 — UA_STATE 2

fu3 2, fu2 2, ful
EE.LDF.128.IP as 1 — —
2,fu02,as 1
ful 2, fu2 2, ful
EE.LDF.128.XP as 1,ad 1 — —
2,fu02,as 1
EE.LDF.64.I1P as 1 ful 2,fu02,as1 | — —
EE.LDF.64.XP as 1,ad 1 ful2,fu02,as1 | — —
QACC_L 2,
EE.LDQA.S16.128.IP as 1 as 1 —
QACC_H 2
QACC_L 2,
EE.LDQA.S16.128.XP as 1,ad 1 as 1 —
QACC_H 2
QACC_L 2,
EE.LDQA.S8.128.IP as 1 as 1 —
QACC_H?2
QACC_L 2,
EE.LDQA.S8.128.XP as1,ad 1 as 1 —
QACC_H 2
QACC_L 2,
EE.LDQA.U16.128.IP as 1 as 1 —
QACC_H 2
QACC_L 2,
EE.LDQA.U16.128.XP as1,ad 1 as 1 —
QACC_H 2
QACC_L 2,
EE.LDQA.U8.128.IP as 1 as 1 —
QACC_H 2
QACC_L 2,
EE.LDQA.U8.128.XP as1,ad 1 as 1 —
QACC_H 2
EE.LDXQ.32 gs1,as 1 qu 2 — —
QACC_L 1,
EE.MOV.S516.QACC gs 1 — —
QACC_H 1
QACC_L 1,
EE.MOV.S8.QACC gs 1 — —
QACC_H 1
QACC_L 1,
EE.MOV.U16.QACC gs 1 — —
QACC_H 1
QACC_L 1,
EE.MOV.U8.QACC gs 1 — —
QACC_H 1
EE.MOVI.32.A gs 1 au 1 — —
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EE.MOVI.32.Q as 1 qu 1 — —
EE.NOTQ ax 1 ga 1 — —
EE.ORQ ox1,ay1 ga — —
EE.SET_BIT_GPIO_OUT — — GPIO_OUT 1 GPIO_OUT 1
EE.SLCI.2Q gs11,qgs01 gs11,qgs01 — —
s11,0s0 1, as s11,qgs01, as
EE.SLCXXP.2Q astha ast _ _
1,ad 1 1
EE.SRC.Q gs0 1, gs1 1 ga 1 SAR_BYTE 1 —
as1,9s0 1, gsi
EE.SRC.Q.LD.IP ] qu2,as1,gs01 | SAR_BYTE 1 —
as 1, ad 1, gs0
EE.SRC.Q.LD.XP ; | qu2,as1,gs01 | SAR_BYTE 1 —
, 08
EE.SRC.Q.QUP gs0 1, gs1 1 gal,gsO1 SAR_BYTE 1 —
EE.SRCI.2Q gs11,0s01 gs11,9s01 — —
QACC_H 1, | QACC_H 1,
EE.SRCMB.S16.QACC as 1 qu 1
QACC_L 1 QACC_L 1
QACC_H 1, | QACC_H 1,
EE.SRCMB.S8.QACC as 1 qu 1
QACC_L 1 QACC_L 1
gsO1,gs1 1, as
EE.SRCQ.128.ST.INCP ; as 1 SAR_BYTE 1 —
s11,a0s0 1, as s11,9s0 1, as
EE.SRCXXP.2Q d a d g — —
1,ad 1 1
EE.SRS.ACCX as 1 au 1 ACCX 1 ACCX 1
EE.ST.ACCX.IP as 1 as 1 ACCX 1 —
EE.ST.QACC_H.H.32.IP as 1 as 1 QACC_H 1 —
EE.ST.QACC_H.L.128.IP as 1 as 1 QACC_H 1 —
EE.ST.QACC_L.H.32.IP as 1 as 1 QACC_L 1 —
EE.ST.QACC_L.L.128.IP as 1 as 1 QACC_L 1 —
EE.ST.UA_STATE.IP as 1 as 1 UA_STATE 1 —
v3 1, fv2 1, fvi
EE.STR128.IP as 1 — —
1,01, as 1
fv3 1, fv2 1, fv1
EE.STR128.XP 1,fv01,as1,ad | as 1 — —
1
EE.STF.64.1P fv11,fv01,as1 | as1 — —
fvli1,fv01,as1,
EE.STF.64.XP as 1 — —
ad 1
EE.STXQ.32 gvl,gs1,as1 — — —
EE.VADDS.S16 ax 1,ay1 ga 1 — —
EE.VADDS.S16.LD.INCP as1,gx1,qgy1 qu2,as1,gal | — —
gv1,as1,gx1,
EE.VADDS.S16.ST.INCP ] as1,0afl — —
ay
EE.VADDS.S32 ax 1, ay1 ga 1 — —
EE.VADDS.S32.L.D.INCP as1,gx1,qgy1 qu2,as1,gal | — —
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EE.VADDS.S32.ST.INCP 2\; 1 LT o1, qat _ _
EE.VADDS.S8 gx1,qgy1 ga — —
EE.VADDS.S8.LD.INCP as1,gx1,gy1 qu2,as1,gal | — —
qv1,as1,gx1,
EE.VADDS.S8.ST.INCP ay 1 as1,qga — —
EE.VCMP.EQ.S16 gx1,qy1 ga 1 — —
EE.VCMP.EQ.S32 gx1,qy ga 1 — —
EE.VCMP.EQ.S8 gx1,qy ga 1 — —
EE.VCMP.GT.S16 gx1,qy1 ga — —
EE.VCMP.GT.S32 gx1,qgy1 ga — —
EE.VCMP.GT.S8 gx1,qgy1 ga 1 — —
EE.VCMPLT.S16 agx1,qgy ga 1 — —
EE.VCMP.LT.S32 gx1,qgy1 ga — —
EE.VCMPLT.S8 agx1,qy1 ga — —
EE.VLD.128.IP as 1 qu 2, as 1 — —
EE.VLD.128.XP as1,ad 1 qu?2,as — —
EE.VLD.H.64.IP as 1 qu2,as — —
EE.VLD.H.64.XP as1,ad 1 qu 2, as 1 — —
EE.VLD.L.64.IP as 1 qu2,as — —
EE.VLD.L.64.XP as1,ad qu 2, as 1 — —
EE.VLDBC.16 as 1 qu 2 — —
EE.VLDBC.16.IP as 1 qu 2, as 1 — —
EE.VLDBC.16.XP as1,ad 1 qu?2,as — —
EE.VLDBC.32 as 1 qu 2 — —
EE.VLDBC.32.IP as 1 qu 2, as 1 — —
EE.VLDBC.32.XP as1,ad 1 qu 2, as 1 — —
EE.VLDBC.8 as 1 qu 2 — —
EE.VLDBC.8.IP as 1 qu 2, as 1 — —
EE.VLDBC.8.XP as1,ad qu2,as — —
EE.VL.DHBC.16.INCP as 1 qu2,qul2,ast1 | — —
EE.VMAX.S16 gx1, gy ga 1 — —
EE.VMAX.S16.LD.INCP as1,ox1,gy1 | qu2,asi,gal | — —
EE.VMAX.S16.ST.INCP Z; 1 as 1. axd, as1,qaf — _
EE.VMAX.S32 gx1,qgy ga 1 — —
EE.VMAX.S32.L.D.INCP as1,ox1,gy1 | qu2,asi,gal | — —
gv1,as1,gx1,
EE.VMAX.S32.ST.INCP ay 1 as1,qa — —
EE.VMAX.S8 gx1, gy ga 1 — —
EE.VMAX.S8.LD.INCP as1,ox1,gy1 | qu2,asi,gal | — —
gvl,as1,gx1,
EE.VMAX.S8.ST.INCP ay 1 as1,qa — —
EE.VMIN.S16 agx1,qgy ga 1 — —
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EE.VMIN.S16.LD.INCP as1,ox1,gy1 | qu2,as1,gal | — —
gv1,as1,gx1,
EE.VMIN.S16.ST.INCP ] as1,qga — —
ay
EE.VMIN.S32 ax1,ay1 ga — —
EE.VMIN.S32.LD.INCP as1,ox1,gy1 | qu2,as1,gal | — —
qv1,as1,gx1,
EE.VMIN.S32.ST.INCP ] as1,qga — —
ay
EE.VMIN.S8 ax1,ay1 ga — —
EE.VMIN.S8.LD.INCP as1,ox1,gy1 | qu2,asi,gal | — —
gv1,as1,gx1,
EE.VMIN.S8.ST.INCP as1,qga — —
qy 1
EE.VMUL.S16 ax1,ay1 gz 2 SAR 1 —
EE.VMUL.S16.LD.INCP as1,gx1,qy1 qu2,as1,gz2 | SAR1 —
gv1,as1,gx1,
EE.VMUL.S16.ST.INCP ] as1,gz2 SAR 1 —
ay
EE.VMUL.S8 ax1,ay1 gz 2 SAR 1 —
EE.VMUL.S8.LD.INCP as1,gx1,qy1 qu2,as1,gz2 | SAR1 —
gv1,as1,gx1,
EE.VMUL.S8.ST.INCP ] as1,gz2 SAR 1 —
ay
EE.VMUL.U16 ax1,ay1 gz 2 SAR 1 —
EE.VMUL.U16.LD.INCP as1,gx1,qy1 qu2,as1,gz2 | SAR1 —
gv1,as1,gx1,
EE.VMUL.U16.ST.INCP ] as1,gz2 SAR 1 —
ay
EE.VMUL.U8 ax1,ay1 gz 2 SAR 1 —
EE.VMUL.U8.LD.INCP as1,gx1,qy1 qu2,as1,gz2 | SAR1 —
gv1,as1,gx1,
EE.VMUL.U8.ST.INCP ] as1,gz2 SAR 1 —
ay
EE.VMULAS.S16.ACCX ax1,ay1 — ACCX 2 ACCX 2
EE.VMULAS.S16.ACCX.LD.IP as1,ox1,gy1 | qu2,as ACCX 2 ACCX 2
as1,gx1,qy1, SAR_BYTE 1,
EE.VMULAS.S16.ACCX.LD.IPQUP qu2,as1,qgs01 ACCX 2
gsO 1, gsi 1 ACCX 2
as1,ad 1, gx 1,
EE.VMULAS.S16.ACCX.LD.XP ] qu2,as 1 ACCX 2 ACCX 2
ay
as1,ad 1, gx 1,
SAR_BYTE 1,
EE.VMULAS.S16.ACCX.LD.XP.QUP gy 1,gs01,gs1 | qu2,as1,9s01 ACCX 2 ACCX 2
1
QACC_H 2, | QACC_H 2,
EE.VMULAS.S16.QACC agx1,qy1 —
QACC_L 2 QACC_L 2
QACC_H 2, | QACC_H 2,
EE.VMULAS.S16.QACC.LD.IP as1,gx1,qy1 | qu2,asi
QACC_L 2 QACC_L 2
SAR_BYTE 1,
as1,ox1,qy, QACC_H 2,
EE.VMULAS.S16.QACC.LD.IP.QUP qu2,as1,gs01 | QACC_H 2,
gsO 1, gs1 1 QACC_L 2
QACC_L 2
Espressif Systems 66 ESP32-S3 TRM (Version 1.2)

Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.2

1 Processor Instruction Extensions (PIE) GoBack
as1,ad1,gx 1, QACC_H 2, | QACC_H 2,
EE.VMULAS.S16.QACC.LD.XP qu?2,as
qy 1 QACC_L 2 QACC_L 2
as1,ad1,gx 1, SAR_BYTE 1,
QACC_H 2,
EE.VMULAS.S16.QACC.LD.XP.QUP gy 1,9s01,gs1 | qu2,as1,gs01 | QACC_H 2, QACG L2
1 QACC_L 2 -
QACC_H 2, | QACC_H 2,
EE.VMULAS.S16.QACC.LDBC.INCP as1,ogx1,qgy1 qu?2,as
QACC_L 2 QACC_L 2
SAR_BYTE 1,
as1,ox1,qy, QACC_H 2,
EE.VMULAS.S16.QACC.LDBC.INCP.QUP qu2,as1,0s01 | QACC_H 2,
gs0 1, gs1 1 QACC_L 2
QACC_L 2
EE.VMULAS.S8.ACCX agx1, gy — ACCX 2 ACCX 2
EE.VMULAS.S8.ACCX.LD.IP as1,ox1,qy1 qu2,as ACCX 2 ACCX 2
as1,gx1,qy 1, SAR_BYTE 1,
EE.VMULAS.S8.ACCX.LD.IP.QUP qu2,as1,qgs0 1 ACCX 2
gsO 1, gsl 1 ACCX 2
as1,ad1,gx 1,
EE.VMULAS.S8.ACCX.LD.XP ] qu?2,as ACCX 2 ACCX 2
ay
as1,ad 1, gx 1,
SAR_BYTE 1,
EE.VMULAS.S8.ACCX.LD.XP.QUP gy1,gs01,gs1 | qu2,as1,9gs01 ACCX 2
] ACCX 2
QACC_L 2, | QACC_L 2,
EE.VMULAS.S8.QACC ax 1, ay 1 —
QACC_H 2 QACC_H 2
QACC_H 2, | QACC_H 2,
EE.VMULAS.S8.QACC.LD.IP as1,gx1,qy1 qu2,as
QACC_L 2 QACC_L 2
SAR_BYTE 1,
as1,gx1,qy, QACC_H 2,
EE.VMULAS.S8.QACC.LD.IP.QUP qu2,as1,gs01 | QACC_H 2,
gs0 1, gs1 1 QACC_L 2
QACC_L 2
as1,ad1,gx1, QACC_H 2, | QACC_H 2,
EE.VMULAS.S8.QACC.LD.XP qu?2,as
qy 1 QACC_L 2 QACC_L 2
as1,ad1,gx 1, SAR_BYTE 1,
QACC_H 2,
EE.VMULAS.S8.QACC.LD.XP.QUP gy 1,gs01,gs1 | qu2,as1,gs01 | QACC_H 2, QACC L 2
1 QACC_L 2 -
QACC_H 2, | QACC_H 2,
EE.VMULAS.S8.QACC.LDBC.INCP as1,gx1,qy1 qu2,as
QACC_L 2 QACC_L 2
SAR_BYTE 1,
as1,ogx1,qy, QACC_H 2,
EE.VMULAS.S8.QACC.LDBC.INCP.QUP qu2,as1,gs01 | QACC_H 2,
gs0 1, gs1 1 QACC_L 2
QACC_L 2
EE.VMULAS.U16.ACCX agx1, gy — ACCX 2 ACCX 2
EE.VMULAS.U16.ACCX.LD.IP as1,gx1,gy1 qu?2,as ACCX 2 ACCX 2
as1,gx1,qy1, SAR_BYTE 1,
EE.VMULAS.U16.ACCX.LD.IP.QUP qu2,as1,qgs0 1 ACCX 2
gs0 1, gs1 1 ACCX 2
as1,ad 1, gx 1,
EE.VMULAS.U16.ACCX.LD.XP ] qu?2,as ACCX 2 ACCX 2
qy
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as1,ad 1, gx 1,
SAR_BYTE 1,
EE.VMULAS.U16.ACCX.LD.XP.QUP gy 1,9s01,90s1 | qu2,as1,9s0 1 ACCX 2 ACCX 2
1
QACC_L 2, | QACC_L 2,
EE.VMULAS.U16.QACC agx1, gy —
QACC_H 2 QACC_H 2
QACC_L 2, | QACC_L 2,
EE.VMULAS.U16.QACC.LD.IP as1,gx1, gy qu?2,as
QACC_H 2 QACC_H 2
SAR_BYTE 1,
as1,agx1,qy 1, QACC_H 2,
EE.VMULAS.U16.QACC.LD.IPQUP qu2,as1,0s01 | QACC_H 2,
gs0 1, gs1 1 QACC_L 2
QACC_L 2
as1,ad 1, gx 1, QACC_L 2, | QACC_L 2,
EE.VMULAS.U16.QACC.LD.XP qu?2,as
qy 1 QACC_H?2 QACC_H?2
as1,ad 1, gx 1, SAR_BYTE 1,
QACC_H 2,
EE.VMULAS.U16.QACC.LD.XP.QUP gy 1,9s01,0s1 | qu2,as1,gs01 | QACC_H 2, QACE L2
1 QACC_L 2 -
QACC_L 2, | QACC_L 2,
EE.VMULAS.U16.QACC.LDBC.INCP as1,ox1,qgy1 qu 2, as 1
QACC_H 2 QACC_H 2
SAR_BYTE 1,
as1,ox1,qy, QACC_H 2,
EE.VMULAS.U16.QACC.LDBC.INCP.QUP qu2,as1,0gs01 | QACC_H 2,
gsO 1, gs1 1 QACC_L 2
QACC_L 2
EE.VMULAS.U8.ACCX ox1,ay1 — ACCX 2 ACCX 2
EE.VMULAS.U8.ACCX.LD.IP as1,gx1,gy1 qu2,as ACCX 2 ACCX 2
as1,gx1,qy1, SAR_BYTE 1,
EE.VMULAS.U8.ACCX.LD.IP.QUP qu2,as1,qgs0 1 ACCX 2
gsO 1, gsi1 1 ACCX 2
as1,ad 1, gx 1,
EE.VMULAS.U8.ACCX.LD.XP ] qu 2, as 1 ACCX 2 ACCX 2
ay
as1,ad 1, gx 1,
SAR_BYTE 1,
EE.VMULAS.U8.ACCX.LD.XP.QUP gy1,gs01,gs1 | qu2,as1,9gs01 ACCX 2
; ACCX 2
QACC_L 2, | QACC_L 2,
EE.VMULAS.U8.QACC agx1,qgy1 —
QACC_H 2 QACC_H 2
QACC_L 2, | QACC_L 2,
EE.VMULAS.U8.QACC.LD.IP as1,gx1,qy1 qu2,as
QACC_H 2 QACC_H 2
SAR_BYTE 1,
as1,ogx1,qy, QACC_H 2,
EE.VMULAS.U8.QACC.LD.IP.QUP qu2,as1,gs01 | QACC_H 2,
gs0 1, gs1 1 QACC_L 2
QACC_L 2
as1,ad 1, gx 1, QACC_L 2, | QACC_L 2,
EE.VMULAS.U8.QACC.LD.XP qu2,as 1
qy 1 QACC_H 2 QACC_H 2
as1,ad 1,gx 1, SAR_BYTE 1,
QACC_H 2,
EE.VMULAS.U8.QACC.LD.XP.QUP gy 1,9s01,90s1 | qu2,as1,gs01 | QACC_H 2, QACC L 2
1 QACC_L 2 -
QACC_L 2, | QACC_L 2,
EE.VMULAS.U8.QACC.LDBC.INCP as1,gx1,qy1 qu2,as 1
QACC_H 2 QACC_H 2
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SAR_BYTE 1,
as1,gx1,qy 1, QACC_H 2,
EE.VMULAS.U8.QACC.LDBC.INCP.QUP qu2,as1,0s01 | QACC_H 2,
gs0 1, gs1 1 QACC_L 2
QACC_L 2
EE.VPRELU.S16 gx1,qy1,ay1 qz2 — —
EE.VPRELU.S8 gx1,qy1,ay1 gz 2 — —
EE.VRELU.S516 gsl,ax1,ay1 as 2 — —
EE.VRELU.S8 gs1,ax1,ay1 gs 2 — —
EE.VSL.32 gs 1 ga 1 SAR 1 —
QACC_H 2, | QACC_H 2,
EE.VSMULAS.S16.QACC ox1,ay1 —
QACC_L 2 QACC_L 2
QACC_H 2, | QACC_H 2,
EE.VSMULAS.S16.QACC.LD.INCP as1,ox1,qy1 qu?2,as
QACC_L 2 QACC_L 2
QACC_L 2, | QACC_L 2,
EE.VSMULAS.S8.QACC ax1,ay1 —
QACC_H 2 QACC_H 2
QACC_H 2, | QACC_H 2,
EE.VSMULAS.S8.QACC.LD.INCP as1,gx1,qgy1 qu?2,as
QACC_L 2 QACC_L 2
EE.VSR.32 gs 1 ga 1 SAR 1 —
EE.VST.128.IP gvi,as as 1 — —
EE.VST.128.XP gvl,as1,ad1 | as — —
EE.VST.H.64.IP gvi,as 1 as 1 — —
EE.VST.H.64.XP gvl,asi1,ad 1 as 1 — —
EE.VST.L.64.IP gvl,as as 1 — —
EE.VST.L.64.XP qvl,asi1,ad 1 as 1 — —
EE.VSUBS.S16 ax1,ay1 ga 1 — —
EE.VSUBS.S16.LD.INCP as1,gx1,qy qQu2,as1,gal | — —
gv1,as1,gx1,
EE.VSUBS.S16.ST.INCP ] as1,qga — —
ay
EE.VSUBS.S32 ax1,ay1 ga 1 — —
EE.VSUBS.S32.L.D.INCP as1,gx1,qy qQu2,as1,gal | — —
gv1,as1,gx1,
EE.VSUBS.S32.ST.INCP ] as1,0al — —
ay
EE.VSUBS.S8 ax1,ay1 ga 1 — —
EE.VSUBS.S8.LD.INCP as1,gx1,qy qQu2,as1,gal | — —
gv1,as1,gx1,
EE.VSUBS.S8.ST.INCP ay 1 as1,ga — —
y
EE.VUNZIP.16 gs0 1, gs1 1 gs0 1, gsi1 1 — —
EE.VUNZIP.32 gsO 1, gsi1 1 gsO 1, gs1 1 — —
EE.VUNZIP.8 gsO 1, gs1 1 gs0 1, gs1 1 — —
EE.VZIP16 gsO 1, gsi1 1 gsO 1, gs1 1 — —
EE.VZIP.32 gsO 1, gsi1 1 gsO 1, gsi1 1 — —
EE.VZIP.8 gs0 1, gs1 1 gsO 1, gs1 1 — —
EE.WR_MASK_GPIO_OUT as 1, ax 1 — GPIO_OUT 1 GPIO_OUT 1
EE.XORQ gx1,qy1 ga 1 — _
EE.ZERO.ACCX — — — ACCX 1
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EE.ZERO.Q — ga 1 — —
QACC_L 1,
EE.ZERO.QACC — — —
QACC_H 1

1.7.2 Hardware Resource Hazard

When multiple instructions call the same hardware resource at the same time, the processor allows only one of

the instructions to occupy the hardware resource, and the rest of them will be delayed. For example, there are

only eight 16-bit multipliers in the processor; instruction C requires eight of them in pipeline stage M, and

instruction D requires four of them in pipeline stage E. As shown in Figure 1-7, instruction C is issued in cycle

T+0, and instruction D is issued in cycle T+1, so four multipliers are applied to be occupied simultaneously in

cycle T+3; at this time, the processor will delay the issue of instruction D into the pipeline by one cycle to avoid

conflict with instruction C.

Cycle TH T+l T+2 \T+3 T+ T+5  T+6
Instruction C | R E M W
Instruction D attempted | R v E M w
Instruction D issued | R E M W
.-
Instruction D's application for multipliers The multipliers were available. Instruction D

Failed and issue was delayed

Instruction D occupied multipliers

was issued.

Figure 1-7. Hardware Resource Hazard

1.7.3 Control Hazard

Data and hardware resource hazards can be optimized by adjusting the code order, but the control hazard is

difficult to optimize. Program code usually has many conditional select statements that execute different code

depending on whether the condition is met or not. The compiler will process the above conditional statements

into branch and jump instructions: if the condition is satisfied, it will jump to the target address to execute the

corresponding code; if not, the subsequent instructions will be processed in order. When the conditions are met,

as shown in Figure 1-8, the processor will re-fetch the instruction from the new target address. At this time, the

instructions at the R and E stages on the pipeline will be removed, which means the pipeline remains stagnant for

2 cycles.
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Cycle T+0 T+l T+2 T+3 T+ T+ T+6  T+7

Branch Instruction | R E M w

Delayed branch jump

Instruction X (removed) | R E M w
Instruction Y (removed) | \ R E M w
Instruction at the jump address I R E M wW

Figure 1-8. Control Hazard
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1.8 Extended Instruction Functional Description

Before reading this section, you are recommended to read the table 1-1, which introduces instruction field names
and their meanings in instruction encoding.

[N:M] is used to represent the field. It means the width of the field is (N-M+1), namely, both bits N and M are
included. For example, qa[2:0] has a total of 3 bits, which are bit0, bit1 and bit2, and ga[1] represents the value
of bit1.

This chapter describes all the instructions mentioned in Section 1.6 in alphabetical order by the instruction name.
Each instruction is encoded in little-endian bit order as shown in Figure 1-2.

1.8.1 EE.ANDQ

Instruction Word
|11 | gal2:1] | 1101 | qal0] | 011 | qyf2:1] | 00 | ax[2:1] | ayi0] | qx(0] | 0100 |

Assembler Syntax

EE.ANDQ ga, ax, qy

Description

This instruction performs a bitwise AND operation on registers gx and qy and writes the result of the logical
operation to register qa.

Operation
1 ga = gx & qy
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1.8.2 EE.BITREV

Instruction Word

| 11 | gal2:1] | 1101 | qa[0] | 1111011 | as3:0] | 0100 |

Assembler Syntax
EE.BITREV ga, as

Description

This instruction swaps the bit order of data of different bit widths according to the value of special register

FFT_BIT_WIDTH. Then, it compares the data before and after the swap, takes the larger value, pads the higher

bits with O until it has 16 bits, and writes the result into the corresponding data segment of register ga. In the
following, Switchx is a function that represents the bit inversion of the x-bit. Switch5(0b10100) = 0b00101. Here
0Ob10100 means 5-bit binary data.

Operation
1 temp0@[15:0]
2 templ[15:0]
3 temp2[15:0]
4 temp3[15:0]
5 temp4[15:0]
6 temp5([15:0]
7 temp6[15:0]
8 temp7[15:0]

as[15:
as[15:
as[15:
as[15:
as[15:
as[15:
as[15:
as[15:

o 1if FFT_BIT_WIDTH==3:

10 Switch3(X[2:0]) = X[0:

1 gal 15:
12 gal[ 31
13 qa[ 47
14 gal 63
15 qa[ 79
16 gal 95
17 qal127:

0]
: 16]
1 32]
1 48]
: 64]
: 80]
961]

{13'heo,
{13'ho,
{13’he,
{13'ho,
{13’he,
{13’he,
0

18 1f FFT_BIT_WIDTH==4:

19 Switch4(X[3:0]) = X[0:

20 gal 15:
21 gal 31
22 gal 47
23 gal 63
24 gqal 79
2% gal 95
2% gal111:
27 qal127

28

0]
: 16]
1 32]
1 48]
1 64]
: 80]
961]
:112]

{12'he,
{12’he,
{12'he,
{12'he,
{12’he,
{12'heo,
{12’he,
{12’he,

20 1f FFT_BIT_WIDTH==10:

0]
0]
0]
0]
0]
0]
0]
0]

+ + + + + + o+
N o U B WN R

2]

max (tmp@[2:
max (tmpl[2:
max (tmp2[2:
max (tmp3[2:
max (tmp4[2:
max (tmp5[2:

3]

max (tmp@[3:
max (tmpl[3:
max (tmp2[3:
max (tmp3[3:
max (tmp4[3:
max (tmp5[3:
max (tmp6[3:
max (tmp7[3:

30 Switchl1@0(X[9:0]1) = X[0:9]

31 qa[
32 gal
33 qa[
34 qa[
35 qa[
36 qa[

0]
: 16]
1 32]
1 48]
! 64]
: 80]

Espressif Systems

{6'ho,
{6'ho,
{6'ho,
{6'ho,
{6'ho,
{6'ho,

max (tmp@[9:
max (tmpl[9:
max (tmp2[9:
max (tmp3[9:
max (tmp4[9:
max (tmp5[9:

1,
o],
el,
],
el,
el,

],
el,
1,
],
el,
],
o],
el,

el,
el,
el,
el,
el,
el,

Switch3(tmpo[2:
Switch3(tmpl([2:
Switch3(tmp2[2:
Switch3(tmp3[2:
Switch3(tmp4[2:
Switch3(tmp5[2:

Switch4(tmpo[3:
Switch4(tmpl([3:
Switch4(tmp2[3:
Switch4(tmp3[3:
Switch4 (tmp4[3:
Switch4(tmp5[3:
Switch4(tmp6[3:
Switch4(tmp7[3:

Switch1@(tmp@[9:
Switchl1@(tmpl1[9:
Switch1@(tmp2[9:
Switch1@(tmp3[9:
Switch1@(tmp4[9:
Switch1@(tmp5[9:

73

01))}
01))}
01))}
01))}
01))}
01))}

01))}
01))}
01))}
01))}
01))}
01))}
01))}
01))}

01))}
01))}
01))}
01))}
01))}
01))}
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& gal111: 96]
38 gal127:112]

{6'h@, max(tmp6[9:0], Switchl@(tmp6[9:0]1))}
{6’h0, max(tmp7[9:0]1, Switchl@(tmp7[9:0]))}

4 as[31:0] = as[31:0] + 8
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1.8.3 EE.CLR_BIT_GPIO_OUT

Instruction Word
011101100100 \ imm256(7:0] \ 0100 \

Assembler Syntax

EE.CLR_BIT_GPIO_OUT 0..255

Description

It is a dedicated CPU GPIO instruction to clear certain GPIO_OUT bits. The content to clear depends on the 8-bit
immediate number imm256.

Operation
1 GPIO_OUTI[7:0] = (GPIO_OUT([7:0] & ~imm256[7:01)
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1.8.4 EE.CMUL.S16

Instruction Word
|10 | qz2:1] | 1110 | 0z(0) | ayi2) | 0 | qy(1:0] | qx(2:0] | 00 | sel4[1:0] | 0100 |

Assembler Syntax

EE.CMUL.S16 gz, gx, qy, 0..3

Description

This instruction performs a 16-bit signed complex multiplication. The range of the immediate number sel4 is O ~
3, which specifies the 32 bits in the two QR registers gx and qy for complex multiplication. The real and imaginary
parts of complex numbers are stored in the upper 16 bits and lower 16 bits of the 32 bits respectively. The
calculated real part and imaginary part results are stored in the corresponding 32 bits of register gz.

Operation

1 if seld == 0:

2 qz[ 15: @] = (gx[ 15: 0]
3 gz[ 31: 16] = (gx[ 15: @]
4 qzl 47: 321 = (gx[ 47: 32]
5 qz[ 63: 48] = (gx[ 47: 32]
e if seld == 1:

7 qzl[ 79: 641 = (gx[ 79: 64]
8 qz[ 95: 80] = (gx[ 79: 64]
9 gz[111: 96] = (gx[111: 96]
o qz[127:112] = (gx[111: 96]
1 if seld == 2:

12 gz[ 15: @] = (gx[ 15: 0]
13 gzl 31: 16] = (gx[ 15: @]
14 gzl 47: 321 = (qx[ 47: 32]
15 qz[ 63: 48] = (qgx[ 47: 32]
s 1if seld == 3:

17 qz[ 79: 64] = (gx[ 79: 64]
18 qz[ 95: 80] = (gx[ 79: 64]
19 gz[111: 96] = (gx[111: 96]
20 qz[127:112] = (gqx[111: 96]

qy[ 15: @] - gx[ 31: 16]
qyl[ 31: 16] + gx[ 31: 16]
qyl 47: 32] - gx[ 63: 48]
qyl[ 63: 48] + gx[ 63: 48]

qy[ 31: 16]) >> SAR[5:0]
qy[ 15: ©@]) >> SAR[5:0]
qy[ 63: 48]1) >> SAR[5:0]
qyl 47: 32]) >> SAR[5:0]

* ¥ x ¥
* X X ¥

qy[ 79: 64] - gx[ 95: 80]
qy[ 95: 801 + gx[ 95: 80]
qy[111: 96] - gx[127:112]
qy[127:112]1 + gqx[127:112]

qy[ 95: 80]1) >> SAR[5:0]
gyl 79: 64]) >> SAR[5:0]
qy[127:112]) >> SAR[5:0]
qy[111: 961) >> SAR[5:0]

* X X ¥
* X X ¥

qyl[ 15: @1 + gx[ 31: 16]
gyl 31: 16] - gx[ 31: 16]
qyl[ 47: 321 + gx[ 63: 48]
qy[ 63: 48] - gx[ 63: 48]

qyl[ 31: 16]) >> SAR[5:0]
qy[ 15: 01) >> SAR[5:0]
qyl[ 63: 48]) >> SAR[5:0]
qyl[ 47: 32]) >> SAR[5:0]

* X X ¥
* X X ¥

qy[ 79: 641 + gx[ 95: 80]
qy[ 95: 80] - gx[ 95: 80]
qy[111: 96] + gx[127:112]
qy[127:112] - qx[127:112]

qy[ 95: 80]) >> SAR[5:0]
qyl[ 79: 641) >> SAR[5:0]
qy[127:112]) >> SAR[5:0]
qy[111: 96]1) >> SAR[5:0]

* X X ¥
E I
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1.8.5 EE.CMUL.S16.LD.INCP

Instruction Word
| 111000 | qui2:1] | ayl0] | 000 | qui0] | qz[2:0] | qx(1:0] | qy[2:1] | 11 | sel4[1:0] | as[3:0] | 111 | ax[2] |

Assembler Syntax

EE.CMUL.S16.LD.INCP qu, as, gz, gx, qy, 0..3

Description

This instruction performs a 16-bit signed complex multiplication. The range of the immediate number sel4 is O ~
7, which specifies the 32 bits in the two QR registers gx and qy for complex multiplication. The real and imaginary
parts of complex numbers are stored in the upper 16 bits and lower 16 bits of the 32 bits respectively. The
calculated real part and imaginary part results are stored in the corresponding 32 bits of register gz.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is incremented
by 16.

Operation

1 if seld4 == 0:

2 gz[ 15: @] = (gx[ 15: 0]
3 gz[ 31: 161 = (gx[ 15: 0]
4 qzl[ 47: 32] = (gx[ 47: 32]
5 qz[ 63: 48] = (gx[ 47: 32]
e 1if seld == 1:

7 qzl[ 79: 64] = (gx[ 79: 64]
8 qz[ 95: 80] = (gx[ 79: 64]
o qz[111: 96] = (gx[111: 96]
10 qz[127:112] = (gx[111: 96]
1 if seld == 2:

12 gz[ 15: 0] = (gx[ 15: 0]
13 gz[ 31: 16] = (gx[ 15: @]
14 qzl 47: 321 = (gx[ 47: 32]
1s qz[ 63: 48] = (qgx[ 47: 32]
e 1if seld == 3:

17 gzl 79: 641 = (gx[ 79: 64]
18 qz[ 95: 80] = (gx[ 79: 64]
19 qz[111: 96] = (gx[111: 96]
20 qz[127:112] = (gx[111: 96]
21

2 qul[127:0] = load128({as[31:4],4{0}})
2 as[31:0] = as[31:0] + 16

gyl 15: @] - gx[ 31: 16]
qyl[ 31: 161 + gx[ 31: 16]
qy[ 47: 32] - gx[ 63: 48]
qy[ 63: 48] + qx[ 63: 48]

gyl 31: 16]) >> SAR[5:0]
gyl 15: @]) >> SAR[5:0]
qy[ 63: 48]) >> SAR[5:0]
qyl 47: 32]) >> SAR[5:0]

* X X *
* X X X

qyl[ 79: 64] - gx[ 95: 80]
qy[ 95: 801 + gx[ 95: 80]
qy[111: 96] - qx[127:112]
qy[127:112] + gx[127:112]

qy[ 95: 80]) >> SAR[5:0]
gyl 79: 64]) >> SAR[5:0]
qy[127:112]) >> SAR[5:0]
qy[111: 96]) >> SAR[5:0]

* ¥ % ¥
O R R

qyl[ 15: @1 + gx[ 31: 16]
qyl[ 31: 16] - gx[ 31: 16]
qyl[ 47: 321 + gx[ 63: 48]
gyl 63: 48] - gx[ 63: 48]

qy[ 31: 161) >> SAR[5:0]
qy[ 15: ©@]) >> SAR[5:0]
qyl[ 63: 48]1) >> SAR[5:0]
qyl 47: 32]) >> SAR[5:0]

* X x ¥
* X X ¥

qy[ 79: 641 + gx[ 95: 80]
qyl[ 95: 80] - gx[ 95: 80l
qy[111: 96] + gqx[127:112]
qy[127:112] - qx[127:112]

qy[ 95: 80]1) >> SAR[5:0]
qyl[ 79: 64]) >> SAR[5:0]
qy[127:112]) >> SAR[5:0]
qy[111: 961) >> SAR[5:0]

* X X ¥
* X X ¥
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1.8.6 EE.CMUL.S16.ST.INCP

Instruction Word
11100100 \ ay[0] \ av[2:0] \ 0 \ az[2:0] \ ox[1:0] \ ay[2:1] \ 00 \ sel4[1:0] \ as[3:0] \ 111 \ ax[2] \

Assembler Syntax

EE.CMUL.S16.ST.INCP qv, as, gz, gx, Qy, sel4

Description

This instruction performs a 16-bit signed complex multiplication. The range of the immediate number sel4 is O ~
7, which specifies the 32 bits in the two QR registers gx and qy for complex multiplication. The real and imaginary
parts of complex numbers are stored in the upper 16 bits and lower 16 bits of the 32 bits respectively. The
calculated real part and imaginary part results are stored in the corresponding 32 bits of register gz.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then stores the
16-byte data of qv to memory. After the access, the value in register as is incremented by 16.

Operation

1 if seld4 == 0:

2 gz[ 15: @] = (gx[ 15: 0]
3 gqz[ 31: 16] = (gx[ 15: 0]
4 gzl 47: 32] = (qx[ 47: 32]
5 qz[ 63: 48] = (qgx[ 47: 32]
e 1if seld == 1:

7 qz[ 79: 64] = (gx[ 79: 64]
8 gqz[ 95: 80] = (qgx[ 79: 64]
9 gz[111: 96] = (gx[111: 96]
10 qz[127:112] = (gx[111: 96]
1 if seld == 2:

12 qz[ 15: 0] = (gx[ 15: @]
1 gz[ 31: 161 = (gx[ 15: 0]
14 qz[ 47: 32] = (gx[ 47: 32]
15 qz[ 63: 48] = (gx[ 47: 32]
e 1if seld == 3:

17 qz[ 79: 64] = (QX[ 79: 64]
18 qz[ 95: 80] = (gx[ 79: 64]
19 qz[111: 96] = (gx[111: 96]
20 qz[127:112] = (gx[111: 96]
21

2 qv[127:0] => storel28({as[31:4],4{0}})
23 as[31:0] = as[31:0] + 16

qy[ 15: @] - gx[ 31: 16]
qy[ 31: 161 + gx[ 31: 16]
qy[ 47: 32] - gx[ 63: 48]
qy[ 63: 48] + gx[ 63: 48]

qyl[ 31: 161) >> SAR[5:0]
qyl 15: 01) >> SAR[5:0]
qy[ 63: 48]) >> SAR[5:0]
qy[ 47: 32]1) >> SAR[5:0]

* ¥ X ¥
* X X X

qyl 79: 64] - gx[ 95: 80]
qy[ 95: 801 + gx[ 95: 80]
qy[111: 96] - gqx[127:112]
qy[127:112] + qx[127:112]

qy[ 95: 80]) >> SAR[5:0]
qyl[ 79: 641) >> SAR[5:0]
qy[127:112]) >> SAR[5:0]
qy[111: 96]) >> SAR[5:0]

* X X *
* X X X

qyl 15: @] + gx[ 31: 16]
gyl 31: 16] - gx[ 31: 16]
qyl[ 47: 321 + gx[ 63: 48]
qyl[ 63: 48] - gx[ 63: 48]

gyl 31: 16]) >> SAR[5:0]
qyl 15: 0@1) >> SAR[5:0]
qy[ 63: 48]1) >> SAR[5:0]
gyl 47: 32]) >> SAR[5:0]

* %X %X ¥
O I R

qy[ 79: 641 + gx[ 95: 80]
qy[ 95: 80] - gx[ 95: 80l
qy[111: 96] + gqx[127:112]
qy[127:112] - gx[127:112]

qy[ 95: 80]) >> SAR[5:0]
gyl 79: 64]) >> SAR[5:0]
qy[127:112]) >> SAR[5:0]
qy[111: 96]1) >> SAR[5:0]

* X x ¥
* X X ¥
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1.8.7 EE.FFT.AMS.S16.LD.INCP

Instruction Word
] 110100 \ sel2[0] \ az12] \ az[0] \ ay[2:0] \ az1[1] \ gm[2:0] \ ax[1:0] \ az[2:1] \ az1[0] \ qu[2:0] \ as[3:0] \ 111 \ ax[2] \

Assembler Syntax

EE.FFT.AMS.S16.LD.INCP qu, as, gz, gz1, ax, qy, gm, sel2

Description

It is a dedicated FFT instruction to perform addition, subtraction, multiplication, addition and subtraction, and
shift operations on 16-bit data segments.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is incremented
by 16.

Operation

1 temp@[15:0] = gx[ 47: 32] + qyl 47: 32]
2 templ[15:0] = gx[ 63: 48] - qy[ 63: 48]

4 1if sel2==0:

5 temp2[15:0] = ((gx[ 47: 321 - qyl[ 47: 321) * qml[ 47: 321 - (gx[ 63: 48] + qy[ 63: 48]1) x*
gm[ 63: 48]) >> SAR

6 temp3[15:0] = ((gx[ 47: 321 - qyl[ 47: 321) * qgml[ 63: 48] + (gx[ 63: 48] + qy[ 63: 48]) x*

gm[ 47: 32]) >> SAR

7 if sel2==1:

8 temp2[15:0] = ((gx[ 63: 48] + qyl[ 63: 48]1) * gm[ 63: 48] + (gx[ 47: 32]
gm[ 47: 32]) >> SAR

9 temp3[15:0] = ((gx[ 63: 48] + qy[ 63: 48]1) * gm[ 47: 32] - (qgx[ 47: 32]
gm[ 63: 48]) >> SAR

qyl 47: 321) %

qyl 47: 32]) %

11 qz[47: 32] = temp0[15:0] + temp2[15:0]
12 qz[63: 48] = templ[15:0] + temp3[15:0]
13 qz1[47: 32] = temp@[15:0] - temp2[15:0]
14 qz1[63: 48] = temp3[15:0] - templ[15:0]
15 qu = load128({as[31:41,4{0}})

16 as[31:0] = as[31:0] + 16
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1.8.8 EE.FFT.AMS.S16.LD.INCP.UAUP

Instruction Word
] 110101 \ sel2[0] \ az12] \ az[0] \ ay[2:0] \ az1[1] \ gm[2:0] \ ax[1:0] \ az[2:1] \ az1[0] \ qu[2:0] \ as[3:0] \ 111 \ ax[2] \

Assembler Syntax

EE.FFT.AMS.S16.LD.INCRPUAUP qu, as, gz, gz1, ax, qy, am, sel2

Description

It is a dedicated FFT instruction to perform addition, subtraction, multiplication, addition and subtraction, and
shift operations on 16-bit data segments.

During the operation, the lower 4 bits of the access address in the register as are forced to be 0, and then the
16-byte data is loaded from the memory. The instruction joins the loaded data and the data in special register
UA_STATE into 32-byte data, right-shifts the 32-byte data by the result of the SAR_BYTE value multiplied by 8, and
assigns the lower 128 bits of the shifted result to register qu. Meanwhile, register UA_STATE is updated with the
loaded 16-byte data. After the access, the value in register as is incremented by 16.

Operation

1 temp@[15:0]
2 temp1[15:0]

gx[ 15: 0] + qyl[ 15: 0]
gx[ 31: 16] - qy[ 31: 16]

3

4 1if sel2==0:

5 temp2[15:0] ((gx[ 15: @] - gyl 15: @]) % gm[ 15: @]
gm[ 31: 16]) >> SAR

6 temp3[15:0] ((gx[ 15: @]
gm[ 15: @]) >> SAR

7 if sel2==1:

8 temp2[15:0] ((gx[ 31: 16] + qyl[ 31: 16]) x gm[ 31: 16] + (gx[ 15: @]
gnl[ 15: 0@]) >> SAR

9 temp3[15:0] ((gx[ 31: 161 + qy[ 31: 16]1) * gm[ 15: @]
gm[ 31: 16]) >> SAR

(gx[ 31: 16] + qy[ 31: 16]1) =*

gyl 15: @1) % gm[ 31: 16] + (gx[ 31: 16] + qy[ 31: 16])

*

gyl 15: 0]) %

(gx[ 15: @] - qy[ 15: 0])

*

1 dataIn[127:0] = load128({as[31:4],4{0}})

12 qz[15: 0] = temp@[15:0] + temp2[15:0]

13 qz[31: 16] = templ[15:0] + temp3[15:0]

14 qz1[15: 0] = temp@[15:0] - temp2[15:0]

1s qz1[31:16] = temp3[15:0] - templ[15:0]

16 qu[127: 0] = {dataIn[127:0], UA_STATE[127:0]} >> {SAR_BYTE[3:0] << 3}
17 UA_STATE[127:0] = dataIn[127:0]

18 as[31:0] = as[31:0] + 16
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1.8.9 EE.FFT.AMS.S16.LD.R32.DECP

Instruction Word
] 110110 \ sel2[0] \ az12] \ az[0] \ ay[2:0] \ az1[1] \ gm[2:0] \ ax[1:0] \ az[2:1] \ az1[0] \ qu[2:0] \ as[3:0] \ 111 \ ax[2] \

Assembler Syntax

EE.FFT.AMS.S16.L.D.R32.DECP qu, as, gz, gz1, gx, qy, gm, sel2

Description

It is a dedicated FFT instruction to perform addition, subtraction, multiplication, addition and subtraction, and
shift operations on 16-bit data segments.

During the operation, the instruction forces the lower 4 bits of the access address in register as to 0 and loads
the 16-byte data from the memory to register qu in the big-endian word order, namely, loads the segment [127:
96] of the data to [31:0] of qu. After the access is completed, the value in register as is decreased by 16.
Operation

1 temp@[15:0]
2 templ[15:0]

3

gx[ 79: 641 + qyl[ 79: 64]
gx[ 95: 80] - qyl[ 95: 80l

4 1if sel2==0:

5 temp2[15:0] = ((gx[ 79: 64] - qy[ 79: 641) * qgm[ 79: 641 - (gx[ 95: 801 + qy[ 95: 801) x*
gm[ 95: 80]) >> SAR

6 temp3[15:0] = ((gx[ 79: 64] - qy[ 79: 64]1) * qgm[ 95: 801 + (gx[ 95: 801 + qy[ 95: 801) x*

gm[ 79: 64]) >> SAR

7 if sel2==1:

8 temp2[15:0] = ((gx[ 95: 80] + qy[ 95: 801) * gm[ 95: 801 + (gx[ 79: 64]
gm[ 79: 64]) >> SAR

9 temp3[15:0] = ((gx[ 95: 801 + qy[ 95: 801) * gm[ 79: 64] — (gx[ 79: 64]
gm[ 95: 80]) >> SAR

qyl[ 79: 64]) *

qyl 79: 64]) %

1 qz[79: 64]
12 qz[95: 80]
13 qz1[79:64] = temp0[15:0] - temp2[15:0]

14 qz1[95:80] = temp3[15:0] - templ[15:0]

15 {qul31: 0], qul63: 321, qul95: 641, qul127: 961} = load128({as[31:4]1,4{0}})
16 as[31:0] = as[31:0] - 16

+

temp@[15:0]
templ[15:0]

temp2[15:0]
temp3[15:0]

1]
+
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1.8.10 EE.FFT.AMS.S16.ST.INCP

Instruction Word
] 10100 \ sel2[0] \ az1[2:1] \ am[0] \ av[2:0] \ qz1[0] \ ax[2:0] \ ay[1:0] \ gm[2:1] \ as[3:0] \ at[3:0] \ 111 \ avl2] \

Assembler Syntax

EE.FFT.AMS.S16.ST.INCP qv, gz1, at, as, gx, qy, gm, sel2

Description

It is a dedicated FFT instruction to perform addition, subtraction, multiplication, addition and subtraction, and
shift operations on 16-bit data segments.

During the operation, the instruction forces the lower 4 bits of the access address in register as to O, splices the
values in registers qv and at into 16-byte data, and stores the spliced result to memory. After the access is
completed, the value in register as is incremented by 16. Besides, the operation result is updated to register
at.

Operation

1 temp0[15:0]

2 templ[15:0]

3

4 1if sel2==0:

5 temp2[15:0] ((gx[111: 961 - qy[111: 96]) * gm[111: 96] - (gx[127:112] + qy[127:112]1) =
qm[127:112]) >> SAR[5:0]

6 temp3[15:0] = ((gx[111: 96] - qy[111: 96]1) * gm[127:112] + (gx[127:112] + qy[127:112]) x*
gm[111: 96]) >> SAR[5:0]

7 {qv[ 95: 80] >> 1, qv[ 79: 64] >> 1, qv[ 63: 48] >> 1, qv[ 47: 32] >> 1, qv[ 31: 16] >>

1, qvl[ 15: 0] >> 1, at[31: 16] >> 1, at[15:0] >> 1} => storel28({as[31:4]1,4{0}})

s 1if sel2==1:

9 temp2[15:0] = ((gx[127:112] + qy[127:112]) * gm[127:112] + (gx[111: 96] - qy[111: 96]) x*
gm[111: 96]) >> SAR[5:0]

10 temp3[15:0] = ((gqx[127:112] + qy[127:112]1) * qgm[111: 96] - (gx[111: 96] - qy[111: 96]) =*
gqm[127:112]) >> SAR[5:0]

1 {qv[ 95: 641, qvl 63: 32], qv[ 31: @], at[31:0]1} => storel28({as[31:4],4{0}})

gx[111: 96] + qy[111: 96]
gx[127:112] - qy[127:112]

13 temp4[16:0] = templ[15:0] + temp3[15:0]
14 temp5[16:0] = temp@[15:0] + temp2[15:0]
15 gz1[111: 96] = temp@[15:0] — temp2[15:0]
1 qz1[127:112] = temp3[15:0] - templ[15:0]
17 at = {temp4[15:0], temp5[15:01}

18 as[31:0] = as[31:0] +16
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1.8.11 EE.FFT.CMUL.S16.LD.XP

Instruction Word
] 110111 \ selg[2:1] \ qu[o] \ ay[2:0] \ selg[0] \ qz[2:0] \ ax[1:0] \ qu[2:1] \ ad[3:0] \ as[3:0] \ 111 \ ax[2] \

Assembler Syntax

EE.FFT.CMUL.S16.LD.XP qu, as, ad, gz, gx, qy, sel8

Description

This instruction performs a 16-bit signed complex multiplication. It is similar to EE.CMUL.S16 except that the
order of registers gx and qy is reversed.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is
incremented by the value in register ad.

Operation

1 if sel8 == 0:
2 gz[ 15: @] = (gx[ 15: @] % qy[ 15: @] + gx[ 31: 16] * qy[ 31: 16]) >> SAR[5:0]
3 gz[ 31: 16] = (gx[ 31: 16] * qy[ 15: @] - gx[ 15: @] * qy[ 31: 16]) >> SAR[5:0]
4 1if sel8 == 1:
5 gz[ 15: @] = (gx[ 15: @] x qy[ 15: @] - gx[ 31: 16] * qy[ 31: 16]) >> SAR[5:0]
6 gz[ 31: 16] = (gx[ 31: 16] * qy[ 15: @] + gx[ 15: @] * qy[ 31: 16]) >> SAR[5:0]
7 if sel8 == 2:
8 gzl 47: 32] = (gx[ 47: 32] % qyl 47: 32] + gx[ 63: 48] *x qy[ 63: 48]) >> SAR[5:0]
9 gz[ 63: 48] = (gx[ 63: 48] * qyl 47: 32] - gx[ 47: 32] * qyl[ 63: 48]) >> SAR[5:0]
0 1if sel8 == 3:
1 qzl[ 47: 321 = (gx[ 47: 32] * qy[ 47: 32] - gx[ 63: 48] x qy[ 63: 48]) >> SAR[5:0]
12 gz[ 63: 48] = (gx[ 63: 48] x qyl[ 47: 32] + gx[ 47: 32] * qy[ 63: 48]) >> SAR[5:0]
13 1if sel8 == 4:
w  qzl 79: 64] = (gx[ 79: 64] * qy[ 79: 64] + gx[ 95: 80] % qy[ 95: 80]) >> SAR[5:0]
15 gz[ 95: 80] = (gx[ 95: 801 * qy[ 79: 64] - gx[ 79: 64] *x qy[ 95: 80]) >> SAR[5:0]
6 1f sel8 == 5:
17 gzl 79: 64] = (gx[ 79: 64] * qyl[ 79: 64] - gx[ 95: 80] * qyl[ 95: 80]) >> SAR[5:0]
18 gz[ 95: 80] (gx[ 95: 801 *x qy[ 79: 64] + gx[ 79: 64] x qy[ 95: 80]) >> SAR[5:0]

20 qul127:0] = load128({as[31:4],4{0}})
21 as[31:0] = as[31:0] + ad[31:0]
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1.8.12 EE.FFT.CMUL.S16.ST.XP

Instruction Word
| 10101 | sard[1:0] | upd4[1] | sel8[0] | ay[2:0] | upd4[o] | qv[2:0] | ax(1:0] | sel8[2:1] | ad[3:0] | as[3:0] | 111 | qx[2] |

Assembler Syntax

EE.FFT.CMUL.S16.ST.XP gx, qy, qv, as, ad, sel8, upd4, sar4

Description

This instruction performs a 16-bit signed complex multiplication. It is similar to EE.CMUL.S16 except that the
order of registers gx and qy is reversed.

The result of the operation and the data segments in registers qx and qv specified by the immediate data upd4
are concatenated into 128 bits, which then are written into memory. After the access is completed, the value in
register as is incremented by the value in register ad. Operation

1 if sel8 == 6:

2 temp[15:0] = (gx[111: 961 * qy[111: 96] + qgx[127:112] % qy[127:112]) >> SAR[5:0]
3 temp[31:16] = (gx[127:112] * qy[111: 96] - gx[111: 96] * qy[127:112]) >> SAR[5:0]
4 1if sel8 == 7:

5 temp[15:0] = (gx[111: 96] * qy[111: 96] - qx[127:112] % qy[127:112]) >> SAR[5:0]
6 temp[31:16] = (gx[127:112] * qy[111: 96] + gx[111l: 96] * qy[127:112]) >> SAR[5:0]

s 1if upd4 == @0: // normal radix 2
9 {temp[31:0], qv[ 95: 01} => storel28({as[31:4]1,4{0}})
o if upd4 == 1: // radix2 last second stage

Ll {

12 temp[31:0],

13 qvl 95: 641,

14 gx[ 63: 48] >> sar4,

15 gx[ 47: 32] >> sar4,

16 gx[ 31: 16] >> sar4,

17 gx[ 15: @] >> sar4

18 } => storel28({as[31:4],4{0}})
19 if upd4 == 2: // radix2 last stage
20 {

2 temp[31:0],

22 gx[ 63: 48] >> sar4,

23 gx[ 47: 32] >> sar4,

2 gv[ 95: 641,

25 gx[ 31: 16] >> sar4,

2 gx[ 15: 0] >> sar4

27 } => storel28({as[31:41,4{0}})
28

29 as[31:0] = as[31:0] + ad[31:0]
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1.8.13 EE.FFT.R2BF.S16

Instruction Word
| 11 | ga0[2:1] | 1100 | qa0[0] | qat[2:0] | ay[2:1] | 0 | sel2[0] | gx(2:1] | qy[0] | ax(0] | 0100 |

Assembler Syntax

EE.FFT.R2BF.S16 ga0, gal, gx, qy, sel2

Description

This instruction performs the radix-2 butterfly operation on the 16-byte values in registers qx and qy, and the data
bit width is 16 bits. Some of the calculation results are written to register qa@, and others are written to register
gal

Operation

1 1if sel2==0:
2 op_al127: 0]
3 op_b[127: 0]
4 1if sel2==1:
5 op_al127: 0]
6 op_b[127: o]

{qyl 63: @], gx[ 63: 0]}
{qy[127: 641, qgx[127: 64]}

{gqy[ 95: 641, qyl[ 31: @1, gx[ 95: 641, gx[ 31: @]}
{qy[127: 961, qy[ 63: 321, gqx[127: 96], gx[ 63: 32]}

8 ga@[ 15: 0] = op_al 15: @] + op_b[ 15: 0]
9 qad[ 31: 16] = op_al 31: 16] + op_b[ 31: 16]
10 qa@[ 47: 32] = op_al 47: 321 + op_bl[ 47: 32]
11 qad[ 63: 48] = op_al 63: 48] + op_b[ 63: 48]

12 qad[ 79: 64] = op_al 15: @] - op_b[ 15: @]
13 qa@[ 95: 80] = op_al 31: 16] - op_bl[ 31: 16]
14 qa0[111: 96] = op_al 47: 321 - op_bl[ 47: 32]
15 qa0[127:112] = op_al 63: 48] - op_bl[ 63: 48]

17 gall 15: 0] = op_al 79: 64] + op_b[ 79: 64]
18 gall 31: 16] = op_al 95: 80] + op_b[ 95: 80l
19 qall 47: 32] = op_al111: 96] + op_b[111: 96]
20 gall 63: 48] = op_al127:112] + op_b[127:112]

21 qgall 79: 64] = op_al 79: 64] - op_bl[ 79: 64]
2 gall 95: 80] = op_al 95: 80] - op_b[ 95: 80]
23 gall111l: 96] = op_al111: 96] - op_b[111: 96]
2 qall[127:112] = op_al127:112] - op_b[127:112]
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1.8.14 EE.FFT.R2BF.S16.ST.INCP

Instruction Word

11101000 | sar4[0] | ay[2:0] | 1 | qa0[2:0] | ax[1:0] | O | sar4[1] | 0100 | as[3:0] | 111 | ox(2] |

Assembler Syntax
EE.FFT.R2BF.S16.ST.INCP ga0, gx, qy, as, 0..3
Description
This instruction performs the radix-2 butterfly operation on the 16-byte values in registers qx and qy, and the data

bit width is 16 bits. Some of the calculation results are written to register qa@, and others implement an arithmetic

shift and are written into the memory address indicated by as. After the access is completed, the value in register

as is incremented by 16.

Operation

1

2

ga@[ 15:
qa@[ 31:
qadl[ 47:
gqa@[ 63:
qad[ 79:
ga@[ 95:
qa0[111:
qa0[127:1

(gx[127

(gx[111:
(gx[ 95:
(gx[ 79:
(gx[ 63:
(gx[ 47:
(gx[ 31:
(gx[ 15:

0] =
16] =
32] =
48] =
64] =
80] =
96] =
12] =

:1112]
96]
80]
641
48]
32]
161]

0]

gx[ 15:
gx[ 31:
gx[ 47:
gx[ 63:
gx[ 79:
gx[ 95:
gx[111:
gx[127:112] -

+
+
+
+
+
+
+

+

qyl[1
ayl1
aqyl
ay [
ay [
qyl
ay [
ay [

} => storel128({as[31:
= as[31:0] + 16

as[31:0]

Espressif Systems

27

11:

15:

0] -
16] -
32] -
48] -
64] -
8ol -
96] -

:1121)
96])
: 80])
: 64]1)
: 48])
1 321)
1 161)
0])

ay [
ay [
ay [
ay [
ay [
ay [

qyl[111:
qy[127:112]

>>

>>

>>

>>

>>

>>

>>

>>

41,4{0}})
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1.8.15 EE.FFT.VST.R32.DECP

Instruction Word

|11 | qui2:1] | 1101 | qv[0] | 0110 | sar2[0] | 11 | as[3:0] | 0100 |

Assembler Syntax

EE.FFT.VST.R32.DECP qv, as, sar2

Description
It is a dedicated FFT instruction. This instruction divides data in register qv into 8 segments of 16-bit data and
performs an arithmetic right shift on them by 0 or 1 depending on the immediate number sar2, and finally writes
the result to the memory address indicated by register as in word big-endian order. After the access is
completed, the value in register as is decreased by 16.

Operation

1

2

{
gvl 31: 16]
gqvl 15: 0]
qvl 63: 48]
qvl 47: 32]
qvl 95: 80]
qvl 79: 64]
qv[127:112]
qv[111: 96]

>>

>>

>>

>>

>>

>>

>>

>>

sar2,
sarz2,
sar2,
sar2,
sarz2,
sar2,
sar2,
sar2

} => storel28({as[31:4],4{0}})

as[31:0] = as[31:0] - 16
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1.8.16 EE.GET_GPIO_IN

Instruction Word
0110010100001000 \ au[3:0] \ 0100 \

Assembler Syntax
EE.GET_GPIO_IN au
Description

It is a dedicated CPU GPIO instruction to assign the content of GPIO_IN to the lower 8 bits of register au.

Operation

1 au = {24’'h0, GPIO_IN[7:0]}
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1.8.17 EE.LD.128.USAR.IP

Instruction Word
|1 [ imm16[7) | qui2:1] | 0001 | qufo] | imm16[6:0] | as[3:0] | 0100 |

Assembler Syntax

EE.LD.128.USAR.IP qu, as, -2048..2032

Description

This instruction forces the lower 4 bits of the access address in register as to 0 and loads 16-byte data from
memory to register qu. Meanwhile, it saves the value of the lower 4 bits in as to the special register SAR_BYTE.
After the access is completed, the value in register as is incremented by 8-bit sign-extended constant in the
instruction code segment left-shifted by 4.

Operation

1 qu[127:0] = load128({as[31:4],4{0}})
2 SAR_BYTE = as[3:0]
3 as[31:0] = as[31:0] + {20{imm16[71},imml16[7:0],4{0}}
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1.8.18 EE.LD.128.USAR.XP

Instruction Word
110 | qui2:1] | 1101 | qu[o] | 000 | ad[3:0] | as[3:0] | 0100 |

Assembler Syntax

EE.LD.128.USAR.XP qu, as, ad

Description

This instruction forces the lower 4 bits of the access address in register as to 0 and loads 16-byte data from
memory to register qu. Meanwhile, it saves the value of the lower 4 bits in as to the special register SAR_BYTE.
After the access is completed, the value in register as is incremented by the value in register ad.

Operation

1 qul[127:0] = load128({as[31:4],4{0}})
»  SAR_BYTE = as[3:0]
3 as[31:0] = as[31:0] + ad[31:0]
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1.8.19 EE.LD.ACCX.IP

Instruction Word
| 0 | imm8[7] | 0011100 | imm8[6:0] | as[3:0] | 0100 |

Assembler Syntax

EE.LD.ACCX.IP as, -1024..1016

Description

This instruction forces the lower 3 bits of the access address in register as to O, loads 64-bit data from memory,
and save its lower 40 bits to the special register ACCX. After the access is completed, the value in register as is
incremented by 8-bit sign-extended constant in the instruction code segment left-shifted by 3.

Operation

1 ACCX[39:0] = load64({as[31:3],3{0}})
2 as[31:0] = as[31:0] + {21{imm8[71},imm8[7:0]1,3{0}}
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1.8.20 EE.LD.QACC_H.H.32.IP

Instruction Word
| 0 [ imma[7] | 0111100 | imma4[6:0] | as[3:0] | 0100 |

Assembler Syntax

EE.LD.QACC_H.H.32.IP as, -512..508

Description

This instruction forces the lower 2 bits of the access address in register as to 0 and loads 32-bit data from
memory to the special register QACC_H[159:128]. After the access is completed, the value in register as is
incremented by 8-bit sign-extended constant in the instruction code segment left-shifted by 2.

Operation

1 QACC_H[159:128] = load32({as[31:21,2{0}})
2 as[31:0] = as[31:0] + {22{imm4[71},imm4[7:0]1,2{0}}
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1.8.21 EE.LD.QACC_H.L.128.IP

Instruction Word
| 0 [ imm16[7] | 0001100 | imm16[6:0] | as[3:0] | 0100 |

Assembler Syntax

EE.LD.QACC_H.L.128.IP as, -2048..2032

Description

This instruction forces the lower 4 bits of the access address in register as to 0 and loads 16-byte data from
memory to the special register QACC_H[127:0]. After the access is completed, the value in register as is
incremented by 8-bit sign-extended constant in the instruction code segment left-shifted by 4.

Operation

1 QACC_H[127: 0] = load128({as[31:41,4{0}})
> as[31:0] = as[31:0] + {20{imm16[71},imm16[7:0]1,4{0}}
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1.8.22 EE.LD.QACC_L.H.32.IP

Instruction Word
| 0 | imma4[7] | 0101100 | imma4[6:0] | as[3:0] | 0100 |

Assembler Syntax

EE.LD.QACC_L.H.32.IP as, -512..508

Description

This instruction forces the lower 2 bits of the access address in register as to 0 and loads 32-bit data from
memory to the special register QACC_L [159:128]. After the access is completed, the value in register as is
incremented by 8-bit sign-extended constant in the instruction code segment left-shifted by 2.

Operation

1 QACC_L[159:128] = load32({as[31:21,2{0}})
2 as[31:0] = as[31:0] + {22{imm4[71},imm4[7:0]1,2{0}}
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1.8.23 EE.LD.QACC_L.L.128.IP

Instruction Word
| 0 [ imm16[7] | 0000000 | imm16[6:0] | as[3:0] | 0100 |

Assembler Syntax

EE.LD.QACC_L.L.128.IP as, -2048..2032

Description

This instruction forces the lower 4 bits of the access address in register as to 0 and loads 16-byte data from
memory to the special register QACC_L [127:0]. After the access is completed, the value in register as is
incremented by 8-bit sign-extended constant in the instruction code segment left-shifted by 4.

Operation

1 QACC_L[127:0] = load128({as[31:41,4{0}})
> as[31:0] = as[31:0] + {20{imm16[71},imm16[7:0]1,4{0}}
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1.8.24 EE.LD.UA_STATE.IP

Instruction Word
| 0 [ imm16[7] | 0100000 | imm16[6:0] | as[3:0] | 0100 |

Assembler Syntax

EE.LD.UA_STATE.IP as, -2048..2032

Description

This instruction forces the lower 4 bits of the access address in register as to 0 and loads 16-byte data from
memory to the special register UA_STATE. After the access is completed, the value in register as is incremented
by 8-bit sign-extended constant in the instruction code segment left-shifted by 4.

Operation

1 UA_STATE[127:0] = load128({as[31:41,4{0}})
> as[31:0] = as[31:0] + {20{imm16[71},imm16[7:0]1,4{0}}
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1.8.25 EE.LDF.128.IP

Instruction Word

| 10000 | fu3[3:1] | fuo3:0] | fu3(o] | u2(3:1] | ful[3:0] | imm163:0] | as[3:0] | 111 | u2[0] |

Assembler Syntax
EE.LDF.128.1P fu3, fu2, ful, fuo, as, -128..112
Description

This instruction forces the lower 4 bits of the access address in register as to O, loads 16-byte data from memory,
and stores it in order from low bit to high bit to floating-point registers fu@, ful, fu2, and fu3. After the access is
completed, the value in register as is incremented by 4-bit sign-extended constant in the instruction code
segment left-shifted by 4.

Operation

1

2

dataIn[127:0] = load128({as[31:4]1,4{0}})
fu3 = dataIn[127: 96]

fu2 = dataIn[ 95: 64]
ful = dataIn[ 63: 32]
fud = dataIn[ 31: 0]

as[31:0] = as[31:0] + {24{imm16f[3]},imm16f[3:0],4{0}}
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1.8.26 EE.LDF.128.XP

Instruction Word

| 10001 | fu3[3:1] | fuo[3:0] | fu3[0] | u2(3:1] | u1[3:0] | ad[3:0] | as[3:0] | 111 | fu2[0] |

Assembler Syntax
EE.LDF.128.XP fug, fu2, fu1, fu0, as, ad
Description

This instruction forces the lower 4 bits of the access address in register as to O, loads 16-byte data from memory,
and stores it in order from low bit to high bit to floating-point registers fu@, ful, fu2, and fu3. After the access is

completed, the value in register as is incremented by the value in register ad.

Operation

1

2

dataIn[127:0] = load128({as[31:4]1,4{0}})
fu3 = dataIn[127: 96]

fu2 = dataIn[ 95: 64]
ful = dataIn[ 63: 321
fud = dataIn[ 31: 0]

as[31:0] = as[31:0] + ad[31:0]
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1.8.27 EE.LDF.64.IP

Instruction Word
] 111000 \ imm8[7:6] \ fu0[3:0] \ imm8[5:2] \ fu1[3:0] \ 010 \ imm8[0] \ as[3:0] \ 111 \ imma[1] \

Assembler Syntax

EE.LDF.64.IP ful, fu0, as, -1024..1016

Description

This instruction forces the lower 3 bits of the access address in register as to O, loads 64-bit data from memory,
and stores it in order from low bit to high bit to floating-point registers fu@ and ful. After the access is
completed, the value in register as is incremented by 8-bit sign-extended constant in the instruction code
segment left-shifted by 3.

Operation

1 dataIn[63:0] = load64({as[31:3]1,3{0}})

2 ful = dataIn[63:32]

3 fud = dataIn([31: 0]

4 as[31:0] = as[31:0] + {21{imm8([7]1},imm8[7:0],3{0}}
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1.8.28 EE.LDF.64.XP

Instruction Word
| fu0[3:0] | 0110 | fu1[3:0] | ad[3:0] | as[3:0] | 0000 |

Assembler Syntax

EE.LDF.64.XP ful, fu0, as, ad

Description

This instruction forces the lower 3 bits of the access address in register as to O, loads 64-bit data from memory,
and stores it in order from low bit to high bit to floating-point registers fu@ and ful. After the access is
completed, the value in register as is incremented by the value in register ad.

Operation

1 dataIn[63:0] = load64({as[31:3]1,3{0}})
2 ful = dataIn[63:32]

3 fud = dataIn[31: 0]

4 as[31:0] = as[31:0] + ad[31:0]
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1.8.29 EE.LDQA.S16.128.1P

Instruction Word

| 0 [ imm16[7] | 0000010 | imm16[6:0] | as[3:0] | 0100 |

Assembler Syntax
EE.LDQA.S16.128.IP as, -2048..2032
Description

This instruction forces the lower 4 bits of the access address in register as to O, loads 16-byte data from memory,

divides it into 8 segments of 16 bits, sign-extends each segment to 40 bits, and then store the results to the

160-bit special registers QACC_L and QACC_H respectively. After the access is completed, the value in register as is

incremented by 8-bit sign-extended constant in the instruction code segment left-shifted by 4.

Operation

1

2

dataIn[127:
QACC_LI[ 39:
QACC_LI[ 79:

QACC_HI[ 39:
QACC_HI[ 79:

as[31:0] =

Espressif Systems

0] = load128({as[31:4]1,4{0}})

0] = {24{dataIn[15]}, dataIn[ 15:

40] = {24{dataIn[31]}, dataIn[ 31:
0] = {24{dataIn[79]}, dataIn[ 79:
40] = {24{dataIn[95]}, dataIn[ 95:

as[31:0] + {20{imm16[71},imm16[7:0],4{0}}

101

Submit Documentation Feedback

0]}
161}

641}
801}

ESP32-S3 TRM (Version 1.2)


https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.2

1 Processor Instruction Extensions (PIE) GoBack

1.8.30 EE.LDQA.S16.128.XP

Instruction Word
011111100100 \ ad[3:0] \ as[3:0] \ 0100 \

Assembler Syntax
EE.LDQA.S516.128.XP as, ad
Description
This instruction forces the lower 4 bits of the access address in register as to O, loads 16-byte data from memory,
divides it into 8 segments of 16 bits, sign-extends each segment to 40 bits, and then store the results to the
160-bit special registers QACC_L and QACC_H respectively. After the access is completed, the value in register as is
incremented by the value in register ad.
Operation

1 dataIn[127:0] = load128({as[31:4],4{0}})

2 QACC_LI[ 39: 0] = {24{dataIn[15]}, dataIn[ 15: 0]}
3 QACC_L[ 79: 40] {24{dataIn[31]1}, dataIn[ 31: 161}

5 QACC_H[ 39: 0] = {24{dataIn[79]}, dataIn[ 79: 64]}
6 QACC_HI[ 79: 40] = {24{dataIn[95]}, dataIn[ 95: 801}
7 as[31:0] = as[31:0] + ad[31:0]
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1.8.31 EE.LDQA.S8.128.I1P

Instruction Word
| 0 [ imm16[7] | 0100010 | imm16[6:0] | 2s[3:0] | 0100 |

Assembler Syntax

EE.LDQA.S8.128.IP as, -2048..2032

Description

This instruction forces the lower 4 bits of the access address in register as to O, loads 16-byte data from memory,
divides it into 16 segments of 8 bits, sign-extends each segment to 20 bits, and then store the results to the
160-bit special registers QACC_L and QACC_H respectively. After the access is completed, the value in register as is
incremented by 8-bit sign-extended constant in the instruction code segment left-shifted by 4.

Operation

1 dataIn[127:0] = load128({as[31:4]1,4{0}})
2 QACC_L[19:0] = {12{dataIn[7]}, dataIn[7:0]}
3 QACC_L[39:20] = {12{dataIn[15]1}, dataIn[15:8]}

5 QACC_HI[159:140] = {12{dataIn[1271}, dataIn[127:120]}
6 as[31:0] = as[31:0] + {20{imm16[7]},imm16[7:0],4{0}}
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1.8.32 EE.LDQA.S8.128.XP

Instruction Word
011100010100 \ ad[3:0] \ as[3:0] \ 0100 \

Assembler Syntax

EE.LDQA.S8.128.XP as, ad

Description

This instruction forces the lower 4 bits of the access address in register as to O, loads 16-byte data from memory,
divides it into 16 segments of 8 bits, sign-extends each segment to 20 bits, and then store the results to the
160-bit special registers QACC_L and QACC_H respectively. After the access is completed, the value in register as is
incremented by the value in register ad.

Operation

1 dataIn[127:0] = load128({as[31:4]1,4{0}})
2 QACC_L[19:0] = {12{dataIn[7]}, dataIn[7:0]}
3 QACC_L[39:20] = {12{dataIn[15]1}, dataIn[15:8]}

5 QACC_HI[159:140] = {12{dataIn[1271}, dataIn[127:120]}
6 as[31:0] = as[31:0] + ad[31:0]
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1.8.33 EE.LDQA.U16.128.IP

Instruction Word

| 0 [ imm16[7] | 0001010 | imm16[6:0] | 2s[3:0] | 0100 |

Assembler Syntax

EE.LDQA.U16.128.IP as, -2048..2032

Description
This instruction forces the lower 4 bits of the access address in register as to O, loads 16-byte data from memory,
divides it into 8 segments of 16 bits, zero-extends each segment to 40 bits, and then store the results to the
160-bit special registers QACC_L and QACC_H respectively. After the access is completed, the value in register as is
incremented by 8-bit sign-extended constant in the instruction code segment left-shifted by 4.

Operation

1

2

dataIn[127:
QACC_LI[ 39:
QACC_L[ 79:
QACC_L[119:

QACC_L[159

QACC_HI[ 39:
QACC_HI[ 79:
QACC_HI[119:

QACC_H[159
as[31:0] =

Espressif Systems

o] =

0]
40]
801]
:1120]
0]
40]
801
:1120]

as[31:0] + {20{imm16[71},imm16[7:0]1,4{0}}

load128({as[31:4],4{0}})

= {24{e},
{24{0},
{24{0},
{2440},
{24{0},
{24{0},
{2440},
{24{0},

dataIn[ 15:
dataIn[ 31:
dataIn[ 47:
dataIn[ 63:
dataIn[ 79:
dataIn[ 95:
dataIn[111:

dataIn[127
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1.8.34 EE.LDQA.U16.128.XP

Instruction Word
011110100100 \ ad[3:0] \ as[3:0] \ 0100 \

Assembler Syntax

EE.LDQA.U16.128.XP as, ad

Description

This instruction forces the lower 4 bits of the access address in register as to O, loads 16-byte data from memory,
divides it into 8 segments of 16 bits, zero-extends each segment to 40 bits, and then store the results to the
160-bit special registers QACC_L and QACC_H respectively. After the access is completed, the value in register as is
incremented by the value in register ad.

Operation

1 dataIn[127:0] = load128({as[31:4]1,4{0}})

2 QACC_LI[ 39: 0] = {24{0}, dataIn[ 15: 0l1}
3 ]

4 QACC_H[159:120] = {24{0}, dataIn[127:112]1}
5 as[31:0] = as[31:0] + ad[31:0]
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1.8.35 EE.LDQA.U8.128.IP

Instruction Word

| 0 [ mm16[7] | 0101010 | imm16[6:0] | as[3:0] | 0100 |

Assembler Syntax
EE.LDQA.U8.128.IP as, -2048..2032
Description
This instruction forces the lower 4 bits of the access address in register as to O, loads 16-byte data from memory,
divides it into 16 segments of 8 bits, zero-extends each segment to 20 bits, and then store the results to the
160-bit special registers QACC_L and QACC_H respectively. After the access is completed, the value in register as is
incremented by 8-bit sign-extended constant in the instruction code segment left-shifted by 4.

Operation

1

2

dataIn[127:
QACC_LI[ 19:
QACC_L[ 39:
QACC_L[ 59:

QACC_L[159

QACC_HI[ 19:
QACC_HI 39:
QACC_HI[ 59:

QACC_H[159
as[31:0] =
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0] =

0]
20]
40]

:1140]

0]
20]
40]

:140]

as[31:0] + {20{imm16[71},imm16[7:0]1,4{0}}

load128({as[31:4],4{0}})

= {12{0},
{12{e},
{12{e},

{12{0},
{12{0},
{12{0},
{12{0},

{12{0},

dataIn[ 7:
dataIn[ 15:
dataIn[ 23:

dataIn[ 63:
dataIn[ 71:
dataIn[ 79:
dataIn[ 87:

01}
81}
161}

561}
641}
721}
801}

dataIn[127:1201}
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1.8.36 EE.LDQA.U8.128.XP

Instruction Word
011100000100 \ ad[3:0] \ as[3:0] \ 0100 \

Assembler Syntax

EE.LDQA.U8.128.XP as, ad

Description

This instruction forces the lower 4 bits of the access address in register as to O, loads 16-byte data from memory,
divides it into 16 segments of 8 bits, zero-extends each segment to 20 bits, and then store the results to the
160-bit special registers QACC_L and QACC_H respectively. After the access is completed, the value in register as is
incremented by the value in register ad.

Operation

1 dataIn[127:0] = load128({as[31:4]1,4{0}})
2 QACC_L[ 19: 0] = {12{0}, dataIn[ 7: 01}

4 QACC_L[159:140]
5 QACC_HI 19: ol

{12{0}, dataIn[ 63: 56]}
{12{0}, dataIn[ 71: 641}

7 QACC_HI[159:140] {12{0}, dataIn[127:1201}
8 as[31:0] = as[31:0] + ad[31:0]
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1.8.37 EE.LDXQ.32

Instruction Word

1110000 | seld[1] | sei8[0] | 111 | sel4[0] | qui2:0] | qs[1:0] | sel8[2:1] | 1101 | as[3:0] | 111 | gs[2] |

Assembler Syntax
EE.LDXQ.32 qu, gs, as, 0..3, 0..7
Description

This instruction selects one of the 8 segments of 16-bit data in gs as the addend according to the immediate

number sel8. It adds the addend left-shifted by 2 bits to the value of the address register as, uses the result as

the access address, aligns it to 32 bits (its lower 2 bits are set to 0), and stores loaded data to a 32-bit data

segment in register qu according to the value of the immediate number sel4.

Operation

1

2

20

21

22

23

24

25

26

vaddro[31:0]
vaddril[31:0]
vaddr2[31:0]
vaddr3[31:0]
vaddr4([31:0]
vaddr5[31:0]
vaddr6[31:0]
vaddr7[31:0]

if sel8 == 0:
dataIn[31:0]
if sel8 == 1:
dataIn[31:0]
if sel8 == 2:
dataIn[31:0]
if sel8 == 3:
dataIn[31:0]
if sel8 == 4:
dataIn[31:0]
if sel8 == 5:
dataIn[31:0]
if sel8 == 6:
dataIn[31:0]
if sel8 == 7:
dataIn[31:0]

as[31:
as[31:
as[31:
as[31:
as[31:
as[31:
as[31:
as[31:

0]
0]
0]
0]
0]
0]
0]
0]

+ o+ + o+ + o+ + o+

gs[ 15:
gs[ 31:
gs[ 47:
gs[ 63:
gsl 79:
gs[ 95:
gs[111:

qs[127

0]
161
32]
47]
64]
80]
96]
1112]

* X X X X X * %
L R S

load32({vaddro[31:2],2{0}})

load32({vaddr1([31:2],2{0}})

load32({vaddr2[31:21,2{0}})

load32({vaddr3[31:21,2{0}})

load32({vaddr4[31:2],2{0}})

load32({vaddr5([31:21,2{0}})

load32({vaddr6[31:2]1,2{0}})

load32({vaddr7[31:2]1,2{0}})

qul32xsel4+31:32*sel4] = dataIn[31:0]
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1.8.38 EE.MOV.S16.QACC

Instruction Word
] 11 \ as[2:1] \ 1101 \ as[0] \ 111111100100100

Assembler Syntax

EE.MOV.S16.QACC gs

Description

This instruction sign-extends the 8 segments of 16-bit data in register gs to 40 bits and writes the result to the
special registers QACC_H and QACC_L.

Operation

: QACC_L[ 39: o] = {24{gs[151}, gs[ 15: ol}
2 QACC_LI[ 79: 40] = {24{qs[311}, gs[ 31: 161}
3 QACC_L[119: 80] = {24{qs[471}, qgs[ 47: 321}
4 QACC_L[159:120] = {24{qs[63]1}, gs[ 63: 48]}
5 QACC_H[ 39: @] = {24{qs[791}, gs[ 79: 641}
6 QACC_H[ 79: 40] = {24{qs[951}, gs[ 95: 801}
7 QACC_H[119: 80] = {24{qs[79]1}, gs[111: 96]}
8 QACC_H[159:120] = {24{qs[951}, gs[127:112]1}
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1.8.39 EE.MOV.S8.QACC

Instruction Word
] 11\ qqzn]\ 1101\ qq01\1111111oo110100

Assembler Syntax

EE.MOV.S8.QACC gs

Description

This instruction sign-extends the 16 segments of 8-bit data in the register gs to 20 bits and writes the result to
special registers QACC_H and QACC_L.

Operation

1 QACC_LI[ 19: ol
2 QACC_L[ 39: 20]

{12{qs[71}, qs[ 7: ol}
{12{qs[151}, gs[ 15: 81}

4 QACC_H[159:140]

{12{qs[1271}, qs[127:1201}
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1.8.40 EE.MOV.U16.QACC

Instruction Word

] 11 \ as[2:1] \ 1101 \ as[0] \ 111111101100100

Assembler Syntax

EE.MOV.U16.QACC gs

Description

This instruction zero-extends the 8 segments of 16-bit data in register gs to 40 bits and writes the result to
special registers QACC_H and QACC_L.

Operation

1 QACC_LI[ 39:
2 QACC_LI 79:
3 QACC_LI[119:

4 QACC_L[159

5 QACC_HI 39:
6 QACC_HI[ 79:
7 QACC_HI[119:

8 QACC_HI[159

Espressif Systems

0]
40]
801]
:1120]

0]
40]
801
:1120]

{2440},
{24{0},
{24{0},
{2440},
{24{0},
{24{0},
{2440},
{24{0},

gs[ 15:
gs[ 31:
qsl[ 47:
gs[ 63:
gs[ 79:
gs[ 95:
gs[111:

qs[127
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1.8.41 EE.MOV.U8.QACC

Instruction Word

] 11\ qqzn]\ 1101\ qq01\1111111o1110100

Assembler Syntax

EE.MOV.U8.QACC gs

Description

This instruction zero-extends the 16 segments of 8-bit data in register gs to 20 bits and writes the result to
special registers QACC_H and QACC_L.

Operation

1 QACC_LI[ 19:
2 QACC_LI 39:
3 QACC_LI[ 59:

5 QACC_LI[159

6 QACC_HI[ 19:
7 QACC_HI[ 39:
8 QACC_HI 59:

10 QACC_HI[159
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0]
20]
40]

:1140]

0]
20]
40]

:140]

{12{0},
{12{0},
{12{0},

{12{0},
{12{0},
{12{0},
{12{0},

{12{e},

gqsl 7:
gs[ 15:
gs[ 23:

gs[ 63:
gs[ 71:
gsl 79:
gqs[ 87:

qs[127
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1.8.42 EE.MOVIL.32.A

Instruction Word
|11 | gs2:1] | 1101 | qs[0] | 111 | sel4[1:0] | 01 | au[3:0] | 0100 |

Assembler Syntax

EE.MOVI.32.A gs, au, 0..3

Description

This instruction selects one data segment of 32 bits from register qs according to immediate number sel4 and
assigns it to register au.

Operation

1 if seld == 0:
2 au = gs[ 31: 0]
3 if seld4 == 1:
4 au = gs[ 63: 32]
5 if seld4 == 2:
au = gqs[ 95: 64]
7 if seld == 3:
au = qs[127: 96]

[

©
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1.8.43 EE.MOVL.32.Q

Instruction Word
|11 | qui2:1] [ 1101 | quio] | 011 | seld[1:0] | 10 | as[3:0] | 0100 |

Assembler Syntax

EE.MOVI.32.Q qu, as, 0..3

Description

This instruction assigns the value in register as to one data segment of 32 bits in register qu according to
immediate number sel4.

Operation

1 if sel4 == 0:
2 qul 31: 0] = as
3 1if seld == 1:

4 qul 63: 32] = as
5 if seld4 == 2:
6 qul 95: 64] = as
7 if seld == 3:
8 qul127: 96] = as
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1.8.44 EE.NOTQ

Instruction Word
] 11 \ qal2:1] \ 1101 \ qal0] \ 1111111 \ ax[2:1] \ 0 \ ax[0] \ 0100 \

Assembler Syntax

EE.NOTQ ga, gx

Description

This instruction performs a bitwise NOT operation on register qx and writes the result to register qa.

Operation
1 ga = ~Qgx
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1.8.45 EE.ORQ

Instruction Word
|11 | gal2:1] | 1101 | qalo] | 111 | qyf2:1] | 00 | ax[2:1] | ayi0] | qx[0] | 0100 |

Assembler Syntax

EE.ORQ ga, gx, qy

Description

This instruction performs a bitwise NOT operation on registers gx and qy and writes the result of the logical
operation to register ga.

Operation
1 ga = gx | ay
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1.8.46 EE.SET_BIT_GPIO_OUT

Instruction Word
011101010100 \ imm256(7:0] \ 0100 \

Assembler Syntax

EE.SET_BIT_GPIO_OUT 0..255

Description

It is a dedicated CPU GPIO instruction to set certain bits of GPI0_0UT. The assignment content depends on the
8-bit immediate number imm256.

Operation
1 GPIO_OUT[7:0] = (GPIO_OUT([7:0] | imm256[7:0])
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1.8.47 EE.SLCIL.2Q

Instruction Word
| 11 | gst[2:1] | 1100 | gs1(0] | gs0[2:0] | 0110 | sar16[3:0] | 0100 |

Assembler Syntax

EE.SLCI.2Q gs1, gs0, 0..15

Description

This instruction performs a left shift on the 32-byte concatenation of registers qs@ and gqs1 and pads the lower
bits with 0. The upper 128 bits of the shift result is written to register qs1 and the lower 128 bits is written to gs@.
The left shift amount is 8 times the sum of sar16 and 1.

Operation

1 {gqs1[127: 01, qs0[127: ©0l} = {qs1[127: 0], gs@[127: 01} << ((sarl6[3:0]1+1)%8)
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1.8.48 EE.SLCXXP.2Q

Instruction Word
| 10 | gs1[2:1] | 0110 | gs1[0] | s0[2:0] | ad[3:0] | as[3:0] | 0100 |

Assembler Syntax

EE.SLCXXP.2Q gs1, gs0, as, ad

Description

This instruction performs a left shift on the 32-byte concatenation of registers qs@ and gqs1 and pads the lower
bits with 0. The upper 128 bits of the shift result is written to register qs1 and the lower 128 bits is written to gs@.
The left shift amount is 8 multiplied by the sum of 1 plus the lower 4-bit value of register as. After the above
operations, the value in as is incremented by the value in ad.

Operation

1 {qs1[127: @], qs0[127: 0]} = {qs1[127: @], qs0[127: 0]} << ((as[3:0]1+1)%8)
2 as[31:0] = as[31:0] + ad[31:0]
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1.8.49 EE.SRC.Q

Instruction Word
|11 | gst[2:1] | 1100 | gs1[0] | s0[2:0] | 00110 | gaf2:0] | 0100 |

Assembler Syntax

EE.SRC.Q qga, gs0, gst

Description

This instruction performs an arithmetic right shift on the 32-byte concatenation of registers qs@ and gs1 that hold
the loaded data of two consecutive aligned addresses. By this way, you can obtain unaligned 16-byte data,
which will be written to register qa. The right shift amount is SAR_BYTE multiplied by 8.

Operation
: gal127: @] = {qgs1[127: @], qs@[127: @1} >> {SAR_BYTE[3:0] << 3}
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1.8.50 EE.SRC.Q.LD.IP

Instruction Word
] 111000 \ imm16[7:6] \ imm16[2] \ gs1[2:0] \ imm16(5] \ qu[2:0] \ qs0[1:0] \ imm16[4:3] \ 00 \ imm16[1:0] \ as[3:0] \ 111 \ as0[2] \

Assembler Syntax

EE.SRC.Q.LD.IP qu, as, -2048..2032, gs0, gs1

Description

This instruction performs an arithmetic right shift on the 32-byte concatenation of registers qs@ and gs1 that hold
the loaded data of two consecutive aligned addresses. By this way, you can obtain unaligned 16-byte data,
which will be written to register qs@. The right shift amount is SAR_BYTE multiplied by 8.

At the same time, the lower 4 bits of the access address in register as are forced to be 0, and then the 16-byte
data is loaded from the memory to register qu. After the access is completed, the value in register as is
incremented by 8-bit sign-extended constant in the instruction code segment left-shifted by 4.

Operation

1 gs0[127:0] = {qs1[127:0]1, qs@[127:0]} >> {SAR_BYTE[3:0] << 3}
2 qul[127:0] = load128({as[31:4],4{0}})
3 as[31:0] = as[31:0] + {20{imm16[7]},imm16[7:0],4{0}}
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1.8.561 EE.SRC.Q.LD.XP

Instruction Word
111010000 | gs12:0] | 0 | qu[2:0] | gsO[1:0] | 00 | ad[3:0] | as[3:0] | 111 | gs0[2] |

Assembler Syntax

EE.SRC.Q.LD.XP qu, as, ad, gs0, gs1

Description

This instruction performs an arithmetic right shift on the 32-byte concatenation of registers qs@ and gs1 that hold
the loaded data of two consecutive aligned addresses. By this way, you can obtain unaligned 16-byte data,
which will be written to register qs@. The right shift amount is SAR_BYTE multiplied by 8.

At the same time, the lower 4 bits of the access address in register as are forced to be 0, and then the 16-byte
data is loaded from the memory to register qu. After the access is completed, the value in register as is
incremented by the value in register ad.

Operation

1 9s0[127:0] = {qgs1[127: @], qs@[127: @1} >> {SAR BYTE[3:0] << 3}
2 qul[127:0] = load128({as[31:4],4{0}})
3 as[31:0] = as[31:0] + ad[31:0]
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1.8.52 EE.SRC.Q.QUP

Instruction Word
| 11 | gst[2:1] | 1100 | gs1[0] | s0[2:0] | 01110 | gaf2:0] | 0100 |

Assembler Syntax

EE.SRC.Q.QUP ga, gs0, gsT

Description

This instruction performs an arithmetic right shift on the 32-byte concatenation of registers qs@ and gs1 that hold
the loaded data of two consecutive aligned addresses. In this way, you can obtain unaligned 16-byte data, which
will be written to register qa. The right shift amount is SAR_BYTE multiplied by 8. At the same time, the value of
register gs1 is updated to gs0.

Operation

1 gal127: 0] = {qs1[127: 0], qs@[127: 0]} >> {SAR_BYTE[3:0] << 3}
2 qs@ = qgsl
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1.8.563 EE.SRCI.2Q

Instruction Word
| 11 | gst[2:1] | 1100 | gs1(0] | gs0[2:0] | 1010 | sar16[3:0] | 0100 |

Assembler Syntax

EE.SRCI.2Q gs1, gs0, sar16

Description

This instruction performs a logical right shift on the 32-byte concatenation of registers qs@ and gs1 and pads the
higher bits with 0. The upper 128 bits of the shift result is written to register gs1 and the lower 128 bits is written
to gs@. The right shift amount is 8 times the sum of sar16 and 1.

Operation

1 {qs1[127: 0], qs0[127: 0]} = {qs1[127: @], qs0[127: 0]} >> ((sarl6+1)*8)
2 gqs1[127:127-8xsarl6] = @
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1.8.54 EE.SRCMB.S16.QACC

Instruction Word

| 11 | qu2:1] | 1101 | quio] | 1110 | 010 | as[3:0] | 0100 |

Assembler Syntax
EE.SRCMB.S16.QACC qu, as, 0
Description

This instruction extracts 8 data segments of 40 bits from special registers QACC_H and QACC_L and perform

arithmetic right shift operations respectively. While writing the shift result back to QACC_H and QACC_L, the

instruction saturates the result to 16-bit signed numbers and writes the 8 16-bit data obtained after saturation

into register qu.

Operation

1

2

20

21

22

23

24

25

temp@[39:0]

temp3[39:0]
temp4[39:0]

temp7[39:0]

temp_shf0[39:0]
temp_shf1[39:0]

temp_shf7([39:0]
QACC_L[ 39: o]

QACC_L[159:120]
QACC_H[ 39: 0]

QACC_H[159:120]

QACC_L[ 39: 0]

QACC_L[159:120]
QACC_H[ 39: 0]

QACC_HI[159:120]

temp@[39:0] >> as[5:0]
templ[39:0] >> as[5:0]

temp7[39:0] >> as[5:0]

temp_shf0[39:0]

temp_shf3[39:0]
temp_shf4[39:0]

temp_shf7[39:0]

qul 15: @] = min(max(temp_shf@[39:0]1, -2~{15}), 2~{15}-1)

qul 63: 48]
qul 79: 64]

qul127:112]

Espressif Systems

min(max(temp_shf3[39:0], -2~{15}), 2~{15}-1)
min(max(temp_shf4[39:0]1, -2~{15}), 2~{15}-1)

min(max(temp_shf7[39:0], -2~{15}), 2~{15}-1)
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1.8.565 EE.SRCMB.S8.QACC

Instruction Word

| 11 | qu2:1] | 1101 | quio} | 1111 | 010 | as[3:0] | 0100 |

Assembler Syntax
EE.SRCMB.S8.QACC qu, as, 0
Description

This instruction extracts 16 data segments of 20 bits from special registers QACC_H and QACC_L and perform

arithmetic right shift operations respectively. While writing the shift result back to QACC_H and QACC_L, the

instruction saturates the result to 8-bit signed numbers and writes the 16 8-bit data obtained after saturation into

register qu.

Operation

1

2

20

21

22

23

24

25

26

27

28

29

temp@[19:0]
temp1[19:0]

temp7[19:0]
temp8[19:0]
temp9[19:0]

QACC_L[ 19: o]
QACC_L[ 39: 20]

QACC_L[159:140]
QACC_HI 19: ol
QACC_HI 39: 20]

temp15([19:0] = QACC_HI[159:140]

temp_shf0[19:0]
temp_shf1[19:0]

temp_shf15[19:0]

QACC_LI[ 19:

QACC_L[159:140]

QACC_HI[ 19:

QACC_HI[159:140]

qul 7:
qul 15:

qul 63:
qul 71:
qul 79:

0]
8]

561
64]
72]

qul127:120]
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0]

0]

temp_shf0[19:0]

temp_shf7[19:0]
temp_shf8[19:0]

temp_shf15[19:0]

min(max(temp_shf@[19:
min(max(temp_shf1[19:

min(max(temp_shf7[19:
min(max(temp_shf8[19:

min(max(temp_shf9[19:

min(max(temp_shf15[19:0], -2~{7}), 2~{7}-1)

ol,
el,

el,
o],
el,

temp0[19:0] >> as[4:0]
temp1[19:0] >> as[4:0]

= templ15[19:0] >> as[4:0]

_ZA{7})1
-2~{7}),

_2A{7})l

_2A{7})p
-2~{7}),

127

2°{7}3-1)
27{7}-1)

2~{7}-1)
27°{7}-1)
2~{7}3-1)
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1.8.56 EE.SRCQ.128.ST.INCP

Instruction Word
| 11 | gst[2:1] | 1100 | gs1(0] | gs0[2:0] | 1110 | as[3:0] | 0100 |

Assembler Syntax

EE.SRCQ.128.ST.INCP ¢s0, gs1, as

Description

This instruction performs an arithmetic right shift on the 32-byte concatenation of registers qs@ and gs1. Then, it
writes the lower 128 bits of the shift result to memory. After the access, the value in register as is incremented by
16.

Operation

1 {qs1[127: @], qs@[127: 0]} >> {SAR_BYTE[3:0] << 3} => storel28({as[31:4],4{0}})
2 as[31:0] = as[31:0] + 16
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1.8.57 EE.SRCXXP.2Q

Instruction Word
| 11 | gst[2:1] | 0110 | gs1[0] | s0[2:0] | ad[3:0] | as[3:0] | 0100 |

Assembler Syntax

EE.SRCXXP.2Q gs1, gs0, as, ad

Description

This instruction performs a logical right shift on the 32-byte concatenation of registers qs@ and gs1 and pads the
higher bits with 0. The upper 128 bits of the shift result is written to register qs1 and the lower 128 bits is written
to gs@. The right shift amount is 8 multiplied by the sum of 1 plus the lower 4-bit value of register as. After the
above operations, the value in as is incremented by the value in ad.

Operation

1 {qs1[127: @], qs0[127: 0]} = {qs1[127: @], qs0[127: 0]} >> ((as[3:0]1+1)%8)
2 gs1[127:127-8xas[3: 0]]1 = 0
3 as[31:0] = as[31:0] + ad[31:0]
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1.8.568 EE.SRS.ACCX

Instruction Word
011111100 | 001 | au[3:0] | as(3:0] | 0100 |

Assembler Syntax

EE.SRS.ACCX au, as, 0

Description

This instruction performs an arithmetic right shift on special register ACCX. While writing the shift result back to
ACCX, the instruction saturates shift result to a 32-bit signed number and writes the saturated result into register
au.

Operation

1 temp_shf[39:0] = ACCX[39:0] >> as[5:0]

2 ACCX = temp_shf[39:0]
3 au = min(max(temp_shf[39:0]1, -2~{31}), 2~{31}-1)
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1.8.59 EE.ST.ACCX.IP

Instruction Word
| 0 | imm8[7] | 0000100 | imm8[6:0] | as[3:0] | 0100 |

Assembler Syntax

EE.STACCX.IP as, -512..508

Description

This instruction forces the lower 3 bits of the access address in register as to O, zero-extends special register
ACCX to 64 bits, and stores the result to memory. After the access is completed, the value in register as is
incremented by 8-bit sign-extended constant in the instruction code segment left-shifted by 3.

Operation

1 {24{0},ACCX[39:0]} => store64({as[31:31,3{0}})
2 as += imm8
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1.8.60 EE.ST.QACC_H.H.32.IP

Instruction Word
| 0 | imma4[7] | 0100100 | imma4[6:0] | as[3:0] | 0100 |

Assembler Syntax

EE.ST.QACC_H.H.32.IP as, -512..508

Description

This instruction forces the lower 2 bits of the access address in register as to O and stores the upper 32 bits in
special register QACC_H to memory. After the access is completed, the value in register as is incremented by 8-bit
sign-extended constant in the instruction code segment left-shifted by 2.

Operation

1 QACC_HI[159:128] => store32({as[31:2],2{0}})
2 as[31:0] = as[31:0] + {23{imm4[71},imm4[7:0],2{0}}
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1.8.61 EE.ST.QACC_H.L.128.IP

Instruction Word
| 0 [ imm16[7] | 0011010 | imm16[6:0] | as[3:0] | 0100 |

Assembler Syntax

EE.ST.QACC_H.L.128.IP as, -2048..2032

Description

This instruction forces the lower 4 bits of the access address in register as to O and stores the lower 128 bits in
special register QACC_H to memory. After the access is completed, the value in register as is incremented by 8-bit
sign-extended constant in the instruction code segment left-shifted by 4.

Operation

1 QACC_H[127: 0] => storel28({as[31:41,4{0}})
2 as[31:0] = as[31:0] + {23{imm4[71},imm4[7:0],2{0}}
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1.8.62 EE.ST.QACC_L.H.32.IP

Instruction Word
| 0 [ imma4[7] | 0111010 | imma4[6:0] | as[3:0] | 0100 |

Assembler Syntax

EE.ST.QACC_L.H.32.IP as, -512..508

Description

This instruction forces the lower 2 bits of the access address in register as to O and stores the upper 32 bits in
special register QACC_L to memory. After the access is completed, the value in register as is incremented by 8-bit
sign-extended constant in the instruction code segment left-shifted by 2.

Operation

1 QACC_L[159:128] => store32({as[31:2],2{0}})
2 as[31:0] = as[31:0] + {23{imm4[71},imm4[7:0],2{0}}
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1.8.63 EE.ST.QACC_L.L.128.IP

Instruction Word
| 0 [ imm16[7] | 0011000 | imm16[6:0] | as[3:0] | 0100 |

Assembler Syntax

EE.ST.QACC_L.L.128.IP as, -2048..2032

Description

This instruction forces the lower 4 bits of the access address in register as to O and stores the lower 128 bits in
special register QACC_L to memory. After the access is completed, the value in register as is incremented by 8-bit
sign-extended constant in the instruction code segment left-shifted by 4.

Operation

1 QACC_L[127:0] => storel28({as[31:4]1,4{0}})
2 as[31:0] = as[31:0] + {23{imm4[71},imm4[7:0],2{0}}
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1.8.64 EE.ST.UA_STATE.IP

Instruction Word
| 0 [ imm16[7] | 0111000 | imm16[6:0] | as[3:0] | 0100 |

Assembler Syntax

EE.ST.UA_STATE.IP as, -2048..2032

Description

This instruction forces the lower 4 bits of the access address in register as to 0 and stores the 128 bits data in
special register UA_STATE to memory. After the access is completed, the value in register as is incremented by
8-bit sign-extended constant in the instruction code segment left-shifted by 4.

Operation

1 UA_STATE[127:0] => storel28({as[31:41,4{0}})
> as[31:0] = as[31:0] + {20{imm16[71},imm16[7:0]1,4{0}}
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1.8.65 EE.STF.128.IP

Instruction Word
] 10010 \ fv3[3:1] \ fvO[3:0] \ fv3[0] \ fv2[3:1] \ fv1[3:0] \ imm16f[3:0] \ as[3:0] \ 111 \ fv2[0] \

Assembler Syntax

EE.STF.128.IP fv3, fv2, fv1, fv0, as, -128..112

Description

This instruction forces the lower 4 bits of the access address in register as to 0 and stores the 16-byte data
concatenated from four floating-point registers fu@, ful, fu2, and fu3 in order from low bit to high bit to memory.
After the access is completed, the value in register as is incremented by 4-bit sign-extended constant in the
instruction code segment left-shifted by 4.

Operation

1 {fv3,fv2,fvl, fve} => storel28({as[31:4]1,4{0}})
2 as[31:0] = as[31:0] + {24{imml16f[3]},imml6f[3:0],4{0}}
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1.8.66 EE.STF.128.XP

Instruction Word
] 10011 \ fv3[3:1] \ fvO[3:0] \ fv3[0] \ fv2[3:1] \ fv1[3:0] \ ad[3:0] \ as[3:0] \ 111 \ v2[0] \

Assembler Syntax

EE.STF.128.XP fv3, fv2, fv1, fv0, as, ad

Description

This instruction forces the lower 4 bits of the access address in register as to 0 and stores the 16-byte data
concatenated from four floating-point registers fu@, ful, fu2, and fu3 in order from low bit to high bit to memory.
After the access is completed, the value in register as is incremented by the value in register ad.

Operation

1 {fv3,fv2,fvl, fve} => storel28({as[31:4]1,4{0}})
2 as[31:0] = as[31:0] + ad[31:0]
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1.8.67 EE.STF.64.IP

Instruction Word
] 111000 \ imm8[7:6] \ fvO[3:0] \ imma[5:2] \ fv1[3:0] \ 011 \ imm8[0] \ as[3:0] \ 111 \ imm8[1] \

Assembler Syntax

EE.STF.64.IP fv1, fv0, as, imm8

Description

This instruction forces the lower 3 bits of the access address in register as to O and stores the 64-bit data
concatenated from two floating-point registers fue and ful in order from low bit to high bit to memory. After the
access is completed, the value in register as is incremented by 8-bit sign-extended constant in the instruction
code segment left-shifted by 3.

Operation

1 {fvl, fve} => store64({as[31:31,3{0}})
2 as[31:0] = as[31:0] + {21{imm8[71},imm8[7:0]1,3{0}}
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1.8.68 EE.STF.64.XP

Instruction Word
| 7v0[3:0] | 0111 | ¥1[3:0] | ad[3:0] | as[3:0] | 0000 |

Assembler Syntax

EE.STF.64.XP fv1, fv0, as, ad

Description

This instruction forces the lower 3 bits of the access address in register as to O and stores the 64-bit data
concatenated from two floating-point registers fue and ful in order from low bit to high bit to memory. After the
access is completed, the value in register as is incremented by the value in register ad.

Operation

1 {fvl, fve} => store64({as[31:31,3{0}})
2 as[31:0] = as[31:0] + ad[31:0]
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1.8.69 EE.STXQ.32

Instruction Word

1110011 | seld[1] | sel8[0] | qv[2:0] | sel4[0] | 000 | qs[1:0] | sel[2:1] | 0000 | as[3:0] | 111 | gs[2] |

Assembler Syntax
EE.STXQ.32 qv, gs, as, sel4, sel8
Description

This instruction selects one of the four data segments of 32 bits in register qv according to immediate number

seld. Then, it selects an addend from the 8 data segments of 16 bits in register qs according to immediate

number sel8, adds the addend left-shifted by 2 bits to the value of the address register as, aligns the sum to 32

bits (its lower 2 bits are set to 0), and uses the result as the written address.

Operation

1

2

20

21

22

23

24

vaddro[31:0]
vaddril[31:0]
vaddr2[31:0]
vaddr3[31:0]
vaddr4([31:0]
vaddr5[31:0]
vaddr6[31:0]
vaddr7[31:0]

if sel8 == 0:

qv[32*sel4+31:

if sel8 == 1:

qv[32*sel4+31:

if sel8 == 2:

qv[32*sel4+31:

if sel8 == 3:

qv[32*sel4+31:

if sel8 == 4:

qv[32*sel4+31:

if sel8 == 5:

qv[32*sel4+31:

if sel8 == 6:

qv[32ksel4+31:

if sel8 == 7:

qv [32xsel4+31:

Espressif Systems

as[31:0]
as[31:0]
as[31:01]
as[31:0]
as[31:0]
as[31:01]
as[31:0]
as[31:0]
32xsel4]
32xsel4]
32%sel4]
32%sel4]
32xsel4]
32ksel4]

32xsel4]

32xsel4]

+ o+ + o+ + o+ + o+

=>store32({vaddro[31:

=>store32({vaddr1[31:

=>store32({vaddr2[31:

=>store32({vaddr3[31:

=>store32({vaddr4[31:

=>store32({vaddr5[31:

=>store32({vaddr6[31:

=>store32({vaddr7[31:
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gs[ 15:
gs[ 31:
gsl 47:
gs[ 63:
gsl 79:
gs[ 95:
gsl[111:
gs[127:1121]

0]
16]
32]
471
641
80]
961

O SR SR R O R )

L R S
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2],2{e}})
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1.8.70 EE.VADDS.S16

Instruction Word
] 10 \ qal2:1] \ 1110 \ qal0] \ avl2] \ 0 \ ay[1:0] \ ax[2:0] \ 01100100

Assembler Syntax

EE.VADDS.S16 ga, gx, qy

Description

This instruction performs a vector addition on 16-bit data in the two registers gx and qy. Then, the 8 results
obtained from the calculation are saturated, and the saturated results are written to register qa.

Operation

1 gal 15: 0]
2 gal 31: 16]

3

min(max(gx[ 15: @] + qy[ 15: @], -2~{15}), 2~{15}-1)
min(max(gx[ 31: 16] + qy[ 31: 161, -2~{15}), 2~{15}-1)
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1.8.71 EE.VADDS.S16.LD.INCP

Instruction Word
| 111000 | qui2:1] | ayl0] | 010 | quio] | ga[2:0] | ax[1:0] | ay[2:1] | 1101 | as[3:0] | 111 | qx(2] |

Assembler Syntax

EE.VADDS.S16.LD.INCP qu, as, ga, ax, qy

Description

This instruction performs a vector addition on 16-bit data in the two registers gx and qy. Then, the 8 results
obtained from the calculation are saturated, and the saturated results are written to register ga.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is incremented
by 16.

Operation

1 gal 15: 0]
2 gal 31: 16]

min(max(gx[ 15: @] + qy[ 15: o], -2~{15}), 2~{15}-1)
min(max(gx[ 31: 16] + qy[ 31: 161, -2~{15}), 2~{15}-1)

5 qu[127:0] = load128({as[31:4],4{0}})
6 as[31:0] = as[31:0] + 16
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1.8.72 EE.VADDS.S16.ST.INCP

Instruction Word
11100100 \ ay[0] \ av[2:0] \ 1 \ qal2:0] \ ax[1:0] \ ay[2:1] \ 0000 \ as[3:0] \ 111 \ ax[2] \

Assembler Syntax

EE.VADDS.S16.ST.INCP qv, as, ga, gx, qy

Description

This instruction performs a vector addition on 16-bit data in the two registers gx and qy. Then, the 8 results
obtained from the calculation are saturated, and the saturated results are written to register ga.

During the operation, the instruction forces the lower 4 bits of the access address in register as to 0 and stores
the value in register qv to memory. After the access, the value in register as is incremented by 16.

Operation

1 qal 15: 0]
2 gal 31: 16]

min(max(gx[ 15: @] + qy[ 15: 01, -2~{15}), 2~{15}-1)
min(max(gx[ 31: 16] + qy[ 31: 16], -2~{15}), 2~{15}-1)

5 qv[127:0] => storel28({as[31:4]1,4{0}})
6 as[31:0] = as[31:0] + 16
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1.8.73 EE.VADDS.S32

Instruction Word
] 10 \ qal2:1] \ 1110 \ qal0] \ avl2] \ 0 \ ay[1:0] \ ax[2:0] \ 01110100

Assembler Syntax

EE.VADDS.S32 ga, gx, qy

Description

This instruction performs a vector addition on 32-bit data in the two registers gx and qy. Then, the 4 results
obtained from the calculation are saturated, and the saturated results are written to register qa.

Operation

1 gal 31: 0]
2 gal 63: 32]

min(max(gx[ 31: @] + qy[ 31: o], -2~{31}), 2~{31}-1)
min(max(gx[ 63: 32] + qy[ 63: 321, -2~{31}), 2~{31}-1)
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1.8.74 EE.VADDS.S32.LD.INCP

Instruction Word
] 111000 \ qu[2:1] \ ay[0] \ 011 \ qu[o] \ qal2:0] \ ox[1:0] \ ay[2:1] \ 1101 \ as[3:0] \ 111 \ ax[2] \

Assembler Syntax

EE.VADDS.S32.LD.INCP qu, as, ga, ax, qy

Description

This instruction performs a vector addition on 32-bit data in the two registers gx and qy. Then, the 4 results
obtained from the calculation are saturated, and the saturated results are written to register ga.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is incremented
by 16.

Operation

1 gal 31: 0]
2 gal 63: 32]

min(max(gx[ 31: @] + qy[ 31: o], -2~{31}), 2~{31}-1)
min(max(gx[ 63: 321 + qy[ 63: 321, -2~{31}), 2~{31}-1)

5 qu[127:0] = load128({as[31:4],4{0}})
6 as[31:0] = as[31:0] + 16
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1.8.75 EE.VADDS.S32.ST.INCP

Instruction Word
11100100 \ ay[0] \ av[2:0] \ 1 \ qal2:0] \ ax[1:0] \ ay[2:1] \ 0001 \ as[3:0] \ 111 \ ax[2] \

Assembler Syntax

EE.VADDS.S32.ST.INCP qv, as, ga, gx, qy

Description

This instruction performs a vector addition on 32-bit data in the two registers gx and qy. Then, the 4 results
obtained from the calculation are saturated, and the saturated results are written to register ga.

During the operation, the instruction forces the lower 4 bits of the access address in register as to 0 and stores
the value in register qv to memory. After the access, the value in register as is incremented by 16.

Operation

1 qal 31: 0]
2 gal 63: 32]

min(max(gx[ 31: @] + qyl[ 31: 01, -2~{31}), 2~{31}-1)
min(max(gx[ 63: 32] + qy[ 63: 32], -2~{31}), 2~{31}-1)

5 qv[127:0] => storel28({as[31:4]1,4{0}})
6 as[31:0] = as[31:0] + 16
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1.8.76 EE.VADDS.S8

Instruction Word
|10 | qa2:1] | 1110 | qal0] | ay2] | 0 | ay[1:0] | ax[2:0] | 10000100

Assembler Syntax

EE.VADDS.S8 qga, gx, qy

Description

This instruction performs a vector addition on 8-bit data in the two registers gx and qy. Then, the 16 results
obtained from the calculation are saturated, and the saturated results are written to register qa.

Operation

1 qgal 7: 0]
2 qal 15: 8]
3

4 qal127:120] = min(max(gx[127:120] + qy[127:120], -2~{7}), 2~{7}-1)

min(max(gx[ 7: @] + qyl[ 7: @l, -2~{7}), 2~{7}-1)
min(max(gx[ 15: 8] + qy[ 15: 81, -2~{7}), 2~{7}-1)
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1.8.77 EE.VADDS.S8.LD.INCP

Instruction Word
| 111000 | qui2:1] | ayl0] | 001 | quio] | ga2:0] | ax[1:0] | ay[2:1] | 1100 | as3:0] | 111 | qx(2] |

Assembler Syntax

EE.VADDS.S8.LD.INCP qu, as, ga, gx, qy

Description

This instruction performs a vector addition on 8-bit data in the two registers gx and qy. Then, the 16 results
obtained from the calculation are saturated, and the saturated results are written to register ga.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is incremented
by 16.

Operation

1 gal 7: 0]
2 qal 15: 8]

min(max(gx[ 7: @] + qyl[ 7: o], -2~{7}), 2~{7}-1)
min(max(gx[ 15: 8] + qy[ 15: 81, -2~{7}), 2~{7}-1)

5 qu[127:0] = load128({as[31:4],4{0}})
6 as[31:0] = as[31:0] + 16
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1.8.78 EE.VADDS.S8.ST.INCP

Instruction Word
11100100 \ ay[0] \ av[2:0] \ 1 \ qal2:0] \ ax[1:0] \ ay[2:1] \ 0010 \ as[3:0] \ 111 \ ax[2] \

Assembler Syntax

EE.VADDS.S8.ST.INCP qv, as, ga, gx, qy

Description

This instruction performs a vector addition on 8-bit data in the two registers gx and qy. Then, the 16 results
obtained from the calculation are saturated, and the saturated results are written to register ga.

During the operation, the instruction forces the lower 4 bits of the access address in register as to 0 and stores
the value in register qv to memory. After the access, the value in register as is incremented by 16.

Operation

1 gal 7: 0]
2 gal 15: 8]

min(max(gx[ 7: @] + qyl[ 7: @1, -2~{7}), 27~{7}-1)
min(max(gx[ 15: 8] + qy[ 15: 8], -2~{7}), 2~{7}-1)

5 qv[127:0] => storel28({as[31:4]1,4{0}})
6 as[31:0] = as[31:0] + 16
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1.8.79 EE.VCMP.EQ.S16

Instruction Word
] 10 \ qal2:1] \ 1110 \ qal0] \ avl2] \ 0 \ ay[1:0] \ ax[2:0] \ 10010100

Assembler Syntax

EE.VCMP.EQ.S16 ga, gx, gy

Description

This instruction compares 16-bit vector data. It compares the numerical values of the eight 16-bit data segments
in registers gx and qy. If the values are equal, it writes OxFFFF into the corresponding 16-bit data segment in
register qa. Otherwise, it writes O to the segment.

Operation

1 qal 15: 0]
2 gal 31: 16]
3

4 qal127:112]

(gx[ 15: @l==qy[ 15: 1) ? OxFFFF : @
(qx[ 31: 16]==qy[ 31: 16]) ? OxFFFF : @

(gx[127:112]==qy [127:112]) ? OXFFFF : 0
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1.8.80 EE.VCMP.EQ.S32

Instruction Word
] 10 \ qal2:1] \ 1110 \ qal0] \ avl2] \ 0 \ ay[1:0] \ ax[2:0] \ 10100100

Assembler Syntax

EE.VCMP.EQ.S32 ga, gx, gy

Description

This instruction compares 32-bit vector data. It compares the numerical values of the four 32-bit data segments
in registers gx and qy. If the values are equal, it writes OXFFFFFFFF into the corresponding 32-bit data segment in
register qa. Otherwise, it writes O to the segment.

Operation

1 qal 31: 0]
2 qal 63: 32]
3

4 qal127: 96]

(gx[ 31: @l==qy[ 31: @) ? OXFFFFFFFF : ©
(gx[ 63: 321==qy[ 63: 32]) ? OxFFFFFFFF : 0

(gx[127: 96]==qy[127: 96]) ? OXFFFFFFFF : @
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1.8.81 EE.VCMP.EQ.S8

Instruction Word
] 10 \ qal2:1] \ 1110 \ qal0] \ avl2] \ 0 \ ay[1:0] \ ax[2:0] \ 10110100

Assembler Syntax

EE.VCMP.EQ.S8 ga, gx, qy

Description

This instruction compares 8-bit vector data. It compares the numerical values of the 16 8-bit data segments in
registers gqx and qy. If the values are equal, it writes OxFF into the corresponding 8-bit data segment in register
ga. Otherwise, it writes O to the segment.

Operation

1 gal 7: 0]
2 gal 15: 8]
3

4 qal127:120]

(gx[ 7: @l==qyl 7: @]) ? OxFF : @
(gx[ 15: 8l==qyl[ 15: 8]) ? OxFF : ©

(gx[127:120]1==qy[127:120]) ? OxFF : @
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1.8.82 EE.VCMP.GT.S16

Instruction Word
] 10 \ qal2:1] \ 1110 \ qal0] \ avl2] \ 0 \ ay[1:0] \ ax[2:0] \ 11000100

Assembler Syntax

EE.VCMP.GT.S16 ga, gx, qy

Description

This instruction compares 16-bit vector data. It compares the numerical values of the eight 16-bit data segments
in registers gx and qy. If the former is larger than the latter, it writes OXFFFF into the corresponding 16-bit data
segment in register ga. Otherwise, it writes O to the segment.

Operation

1 qal 15: 0]
2 gal 31: 16]
3

4 qal127:112]

(gx[ 15: @l>qy[ 15: @1) ? OxFFFF : 0
(qx[ 31: 16]>qy[ 31: 16]) ? OxFFFF : @

(gx[127:112]>qy[127:112]) ? OXFFFF : 0
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1.8.83 EE.VCMP.GT.S32

Instruction Word
] 10 \ qal2:1] \ 1110 \ qal0] \ avl2] \ 0 \ ay[1:0] \ ax[2:0] \ 11010100

Assembler Syntax

EE.VCMP.GT.S32 ga, gx, qy

Description

This instruction compares 32-bit vector data. It compares the numerical values of the four 32-bit data segments
in registers gx and qy. If the former is larger than the latter, it writes OXFFFFFFFF into the corresponding 32-bit
data segment in register ga. Otherwise, it writes 0 to the segment.

Operation

1 qal 31: 0]
2 qal 63: 32]
3

4 qal127: 96]

(gx[ 31: @l>qyl[ 31: 1) ? OxFFFFFFFF : @
(qx[ 63: 321>qy[ 63: 32]) ? OxFFFFFFFF : 0

(qx[127: 96]>qy[127: 961) ? OXFFFFFFFF : ©
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1.8.84 EE.VCMP.GT.S8

Instruction Word
] 10 \ qal2:1] \ 1110 \ qal0] \ avl2] \ 0 \ ay[1:0] \ ax[2:0] \ 11100100

Assembler Syntax

EE.VCMP.GT.S8 ga, gx, qy

Description

This instruction compares 8-bit vector data. It compares the numerical values of the 16 8-bit data segments in
registers gqx and qy. If the former is larger than the latter, it writes OxFF into the corresponding 8-bit data segment
in register ga. Otherwise, it writes O to the segment.

Operation

1 gal 7: 0]
2 gal 15: 8]
3

4 qal127:120]

(gx[ 7: @l>qyl 7: 1) ? OxFF : @
(gx[ 15: 8l>qyl[ 15: 8]1) ? OxFF : @

(gx[127:120]>qy[127:120]) ? OXFF : @
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1.8.85 EE.VCMP.LT.S16

Instruction Word
] 10 \ qal2:1] \ 1110 \ qal0] \ avl2] \ 0 \ ay[1:0] \ ax[2:0] \ 11110100

Assembler Syntax

EE.VCMP.LT.S16 ga, gx, qy

Description

This instruction compares 16-bit vector data. It compares the numerical values of the eight 16-bit data segments
in registers gx and qy. If the former is smaller than the latter, it writes OxFFFF into the corresponding 16-bit data
segment in register ga. Otherwise, it writes O to the segment.

Operation

1 qal 15: 0]
2 gal 31: 16]
3

4 qal127:112]

(gx[ 15: @l<qy[ 15: @1) ? OxFFFF : 0
(qx[ 31: 16]<qy[ 31: 16]1) ? OxFFFF : @

(qx[127:112]1<qy[127:112]) ? OXFFFF : 0
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1.8.86 EE.VCMP.LT.S32

Instruction Word
|10 | ga2:1] | 1110 | qal0] | ay2] | 1 | ay[1:0] | ax[2:0] | 00000100

Assembler Syntax

EE.VCMP.LT.S32 ga, gx, qy

Description

This instruction compares 32-bit vector data. It compares the numerical values of the four 32-bit data segments
in registers gx and qy. If the former is smaller than the latter, it writes OxFFFFFFFF into the corresponding 32-bit
data segment in register ga. Otherwise, it writes 0 to the segment.

Operation

1 qal 31: 0]
2 qal 63: 32]
3

4 qal127: 96]

(gx[ 31: @l<qyl[ 31: ©@]) ? @xFFFFFFFF : @
(qx[ 63: 32]<qy[ 63: 32]) ? OxFFFFFFFF : 0

(qx[127: 96]<qy[127: 961) ? OXFFFFFFFF : ©
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1.8.87 EE.VCMP.LT.S8

Instruction Word
110 | qa2:1] | 1110 | qal0] | ay2] | 1 | ay[1:0] | ax[2:0] | 00010100

Assembler Syntax

EE.VCMP.LT.S8 ga, gx, qy

Description

This instruction compares 8-bit vector data. It compares the numerical values of the 16 8-bit data segments in
registers gqx and qy. If the former is smaller than the latter, it writes OxFF into the corresponding 8-bit data
segment in register ga. Otherwise, it writes O to the segment.

Operation

1 gal 7: 0]
2 gal 15: 8]
3

4 qal127:120]

(gx[ 7: @l<qyl 7: 1) ? OxFF : @
(gx[ 15: 8l<qyl[ 15: 81) ? OxFF : @

(gx[127:120]1<qy[127:120]) ? OXFF : @
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1.8.88 EE.VLD.128.IP

Instruction Word
|1 [ imm16[7) | qui2:1] | 0011 | quio] | imm16[6:0] | as[3:0] | 0100 |

Assembler Syntax

EE.VLD.128.IP qu, as, -2048..2032

Description

This instruction forces the lower 4 bits of the access address in register as to 0 and loads 16-byte data from
memory to register qu. After the access is completed, the value in register as is incremented by 8-bit
sign-extended constant in the instruction code segment left-shifted by 4.

Operation

1 qu[127:0] = load128({as[31:4],4{0}})
> as[31:0] = as[31:0] + {20{imm16[71},imm16[7:0]1,4{0}}
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1.8.89 EE.VLD.128.XP

Instruction Word
110 | qui2:1] | 1101 | qu[0] | 010 | ad[3:0] | as[3:0] | 0100 |

Assembler Syntax

EE.VLD.128.XP qu, as, ad

Description

This instruction forces the lower 4 bits of the access address in register as to 0 and loads 16-byte data from
memory to register qu. After the access is completed, the value in register as is incremented by the value in
register ad.

Operation

1 qul[127:0] = load128({as[31:4],4{0}})
2 as[31:0] = as[31:0] + ad[31:0]
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1.8.90 EE.VLD.H.64.IP

Instruction Word
|1 [ imm8[7] | qui2:1] | 1000 | quio] | imms[s:0] | as[3:0] | 0100 |

Assembler Syntax

EE.VLD.H.64.IP qu, as, -1024..1016

Description

This instruction forces the lower 3 bits of the access address in register as to 0 and loads 64-bit data from
memory to the upper 64-bit segment in register qu. After the access is completed, the value in register as is
incremented by 8-bit sign-extended constant in the instruction code segment left-shifted by 3.

Operation

1 qul127: 64] = load64({as[31: 3]1,3{0}})
2 as[31:0] = as[31:0] + {21{imm8[71},imm8[7:0]1,3{0}}
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1.8.91 EE.VLD.H.64.XP

Instruction Word
110 | qui2:1] | 1101 | quio] | 110 | ad[3:0] | as[3:0] | 0100 |

Assembler Syntax

EE.VLD.H.64.XP qu, as, ad

Description

This instruction forces the lower 3 bits of the access address in register as to 0 and loads 64-bit data from
memory to the upper 64-bit segment in register qu. After the access is completed, the value in register as is
incremented by the value in register ad.

Operation

1 qul[127: 64] = load64({as[31: 31,3{0}})
2 as[31:0] = as[31:0] + ad[31:0]
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1.8.92 EE.VLD.L.64.IP

Instruction Word
|1 [ imm8[7] | qui2:1] | 1001 | quio] | imms[s:0] | as[3:0] | 0100 |

Assembler Syntax

EE.VLD.L.64.IP qu, as, -1024..1016

Description

This instruction forces the lower 3 bits of the access address in register as to 0 and loads 64-bit data from
memory to the lower 64-bit segment in register qu. After the access is completed, the value in register as is
incremented by 8-bit sign-extended constant in the instruction code segment left-shifted by 3.

Operation

1 qul 63: 0] = load64({as[31:31,3{0}})
2 as[31:0] = as[31:0] + {21{imm8[71},imm8[7:0]1,3{0}}
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1.8.93 EE.VLD.L.64.XP

Instruction Word
110 | qui2:1] | 1101 | quio] | 011 | ad[3:0] | as[3:0] | 0100 |

Assembler Syntax

EE.VLD.L.64.XP qu, as, ad

Description

This instruction forces the lower 3 bits of the access address in register as to 0 and loads 64-bit data from
memory to the lower 64-bit segment in register qu. After the access is completed, the value in register as is
incremented by the value in register ad.

Operation

1 qul 63: @] = load64({as[31:3],3{0}})
2 as[31:0] = as[31:0] + ad[31:0]
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1.8.94 EE.VLDBC.16

Instruction Word
|11 | qui2:1] | 1101 | quio] | 1110011 | as[3:0] | 0100 |

Assembler Syntax

EE.VLDBC.16 qu, as

Description

This instruction forces the lower 1 bit of the access address in register as to 0, loads 16-bit data from memory,
and broadcasts it to the eight 16-bit data segments in register qu.

Operation

1 qul127:0] = {8{load16({as[31:1],1{0}})}}
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1.8.95 EE.VLDBC.16.IP

Instruction Word
110 | qui2:1] | 0101 | qu[0] | imm2[6:0] | as[3:0] | 0100 |

Assembler Syntax

EE.VLDBC.16.IP qu, as, 0..254

Description

This instruction forces the lower 1 bit of the access address in register as to 0, loads 16-bit data from memory,
and broadcasts it to the eight 16-bit data segments in register qu. After the access is completed, the value in
register as is incremented by 7-bit unsign-extended constant in the instruction code segment left-shifted by

1.

Operation

1 qu[127:0] = {8{load16({as[31:1],1{0}})}}
2 as[31:0] = as[31:0] + {24{0},imm2[6:0],0}
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1.8.96 EE.VLDBC.16.XP

Instruction Word
110 | qui2:1] | 1101 | qu[o] | 100 | ad[3:0] | as[3:0] | 0100 |

Assembler Syntax

EE.VLDBC.16.XP qu, as, ad

Description

This instruction forces the lower 1 bit of the access address in register as to 0, loads 16-bit data from memory,
and broadcasts it to the eight 16-bit data segments in register qu. After the access is completed, the value in
register as is incremented by the value in register ad.

Operation

1 qu[127:0] = {8{load16({as[31:1],1{0}})}}
2 as = as + ad[31:0]
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1.8.97 EE.VLDBC.32

Instruction Word
|11 | qui2:1] | 1101 | quio] | 1110111 | as[3:0] | 0100 |

Assembler Syntax

EE.VLDBC.32 qu, as

Description

This instruction forces the lower 2 bits of the access address in register as to 0 and loads 32-bit data from
memory and broadcasts it to the four 32-bit data segments in register qu.

Operation

1 qul127:0] = {4{load32({as[31:21,2{0}})}}
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1.8.98 EE.VLDBC.32.IP

Instruction Word
|1 [ immaf7] | qui2:1] [ 0010 | quio] | imma4[s:0] | as[3:0] | 0100 |

Assembler Syntax

EE.VLDBC.32.IP qu, as, -256..252

Description

This instruction forces the lower 2 bits of the access address in register as to 0 and loads 32-bit data from
memory and broadcasts it to the four 32-bit data segments in register qu. After the access is completed, the
value in register as is incremented by 8-bit sign-extended constant in the instruction code segment left-shifted by
2.

Operation

1 qul[127:0] = {4{load32({as[31:21,2{0}})}}
2 as[31:0] = as[31:0] + {22{imm4[71},imm4[7:0],2{0}}
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1.8.99 EE.VLDBC.32.XP

Instruction Word
110 | qui2:1] | 1101 | qu[o] | 001 | ad[3:0] | as[3:0] | 0100 |

Assembler Syntax

EE.VLDBC.32.XP qu, as, ad

Description

This instruction forces the lower 2 bits of the access address in register as to 0, loads 32-bit data from memory
and broadcasts it to the four 32-bit data segments in register qu. After the access is completed, the value in
register as is incremented by the value in register ad.

Operation

1 qu[127:0] = {4{load32({as[31:2]1,2{0}})}}
2 as = as + ad[31:0]
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1.8.100 EE.VLDBC.8

Instruction Word
|11 | qui2:1] | 1101 | quio] | 0111011 | as[3:0] | 0100 |

Assembler Syntax

EE.VLDBC.8 qu, as

Description

This instruction loads 8-bit data from memory at the address given by the access register as and broadcasts it to
the 16 8-bit data segments in register qu.

Operation

1 qul127:0] = {16{load8(as[31:0])}}
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1.8.101 EE.VLDBC.8.IP

Instruction Word
|11 | qui2:1] | 0101 | qu[o] | imm1[6:0] | as[3:0] | 0100 |

Assembler Syntax

EE.VLDBC.8.IP qu, as, 0..127

Description

This instruction loads 8-bit data from memory at the address given by the access register as and broadcasts it to
the 16 8-bit data segments in register qu. After the access is completed, the value in register as is incremented
by 7-bit unsign-extended constant in the instruction code segment.

Operation

1 qul[127:0] = {16{load8(as[31:0])}}
> as[31:0] = as[31:0] + {25{0},imm1[6:0]1}
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1.8.102 EE.VLDBC.8.XP

Instruction Word
110 | qui2:1] | 1101 | quio] | 101 | ad[3:0] | as[3:0] | 0100 |

Assembler Syntax

EE.VLDBC.8.XP qu, as, ad

Description

This instruction loads 8-bit data from memory at the address given by the access register as and broadcasts it to
the 16 8-bit data segments in register qu. After the access is completed, the value in register as is incremented
by the value in register ad.

Operation

1 qul[127:0] = {16{load8(as[31:0])}}
2 as = as + ad[31:0]
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1.8.103 EE.VLDHBC.16.INCP

Instruction Word
|11 | qui2:1] | 1100 | qui0] | qui[2:0] | 0010 | as[3:0] | 0100 |

Assembler Syntax

EE.VLDHBC.16.INCP qu, qut, as

Description

This instruction forces the lower 4 bits of the access address in register as to O, loads 16-byte data from memory,
extends it to 256 bits according to the following way, and assigns the result to registers qu and qul. After the
access, the value in register as is incremented by 16.

Operation

1 dataIn[127:0] = load128({as[31:4],4{0}})

2 qu = {2{dataIn[ 63: 481}, 2{dataIn[ 47: 321}, 2{dataIn[ 31: 16]}, 2{dataIn[ 15: @]} }
3 qul = {2{dataIn[127:112]1}, 2{dataIn[111: 961}, 2{dataIn[ 95: 80]}, 2{dataIn[ 79: 641} }
4 as[31:0] = as[31:0] + 16
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1.8.104 EE.VMAX.S16

Instruction Word
110 | ga2:1] | 1110 | qal0] | ay2] | 1 | ay[1:0] | ax[2:0] | 00100100

Assembler Syntax

EE.VMAX.S16 ga, gx, qy

Description

This instruction compares numerical values of the eight 16-bit vector data segments in registers gx and qy. The
data segment with the larger value is written into the corresponding 16-bit data segment in register qa.
Operation

1 gal 15: 0]
2 gal 31: 16]
3

4 gqal127:112] = (gx[127:112]>=qy[127:112]) ? qx[127:112] : qy[127:112]

(gx[ 15: @l>=qy[ 15: @]) ? gx[ 15: @] : qy[ 15: @]
(gx[ 31: 16]>=qy[ 31: 16]) ? gx[ 31: 16] : qyl[ 31: 16]
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1.8.105 EE.VMAX.S16.LD.INCP

Instruction Word
| 111000 | qui2:1] | ayl0] | 001 | quio] | ga2:0] | ax[1:0] | ay[2:1] | 1101 | as[3:0] | 111 | qx(2] |

Assembler Syntax

EE.VMAX.S16.LD.INCP qu, as, ga, gx, qy

Description

This instruction compares numerical values of the eight 16-bit vector data segments in registers gx and qy. The
data segment with the larger value is written into the corresponding 16-bit data segment in register ga.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is incremented
by 16.

Operation

1 gal 15: 0]
2 gal 31: 16]

(gx[ 15: @l>=qyl[ 15: @]) ? gx[ 15: @] : qy[ 15: @]
(gx[ 31: 16]>=qy[ 31: 16]) ? gx[ 31: 16] : qyl[ 31: 16]

4 gal127:112]

(gx[127:112]>=qy[127:112]) ? qx[127:112] : qy[127:112]

6 qul127:0] = load128({as[31:4],4{0}})
7 as[31:0] = as[31:0] + 16

Espressif Systems 177 ESP32-S3 TRM (Version 1.2)
Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.2

1 Processor Instruction Extensions (PIE) GoBack

1.8.106 EE.VMAX.S16.ST.INCP

Instruction Word
11100100 \ ay[0] \ av[2:0] \ 1 \ qal2:0] \ ax[1:0] \ ay[2:1] \ 0011 \ as[3:0] \ 111 \ ax[2] \

Assembler Syntax

EE.VMAX.S16.ST.INCP qv, as, ga, ax, qy

Description

This instruction compares numerical values of the eight 16-bit vector data segments in registers gx and qy. The
data segment with the larger value is written into the corresponding 16-bit data segment in register ga.

During the operation, the instruction forces the lower 4 bits of the access address in register as to 0 and stores
the value in register qv to memory. After the access, the value in register as is incremented by 16.

Operation

1 qal 15: 0]
2 gal 31: 16]

(gx[ 15: @l>=qy[ 15: @]) ? gx[ 15: @] : gyl 15: @]
(gx[ 31: 16]>=qyl[ 31: 16]1) ? gx[ 31: 161 : qy[ 31: 161

4 qal127:112] (gx[127:112]>=qy[127:112]) ? gx[127:112] : qy[127:112]

6 qv[127:0] => store128({as[31:41,4{0}})
7 as[31:0] = as[31:0] + 16
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1.8.107 EE.VMAX.S32

Instruction Word
] 10 \ qal2:1] \ 1110 \ qal0] \ avl2] \ 1 \ ay[1:0] \ ax[2:0] \ 00110100

Assembler Syntax

EE.VMAX.S32 ga, gx, qy

Description

This instruction compares numerical values of the four 32-bit vector data segments in registers gx and qy. The
data segment with the larger value is written into the corresponding 32-bit data segment in register qa.
Operation

1 gal 31: 0]
2 gal 63: 32]

(gx[ 31: @l>=qyl 31: @]) ? gx[ 31: @] : qy[ 31: @]
(gx[ 63: 32]>=qy[ 63: 32]) ? gx[ 63: 32] : qyl[ 63: 32]

+  qal127: 96]

(gx[127: 96]1>=qy[127: 96]) ? qx[127: 96] : qy[127: 96]

Espressif Systems 179 ESP32-S3 TRM (Version 1.2)
Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.2

1 Processor Instruction Extensions (PIE) GoBack

1.8.108 EE.VMAX.S32.LD.INCP

Instruction Word
| 111000 | qui2:1] | ayl0] | 001 | quio] | ga2:0] | ax[1:0] | ay[2:1] | 1110 | as[3:0] | 111 | qx(2] |

Assembler Syntax

EE.VMAX.S32.LD.INCP qu, as, ga, gx, qy

Description

This instruction compares numerical values of the four 32-bit vector data segments in registers gx and qy. The
data segment with the larger value is written into the corresponding 32-bit data segment in register ga.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is incremented
by 16.

Operation

1 gal 31: 0]
2 gal 63: 32]
3

4 gal127: 96]

(gx[ 31: @l>=qyl 31: @]) ? gx[ 31: @] : qyl 31: @]
(gx[ 63: 32]>=qy[ 63: 32]) ? gx[ 63: 32] : qyl[ 63: 32]

(gx[127: 96]>=qy[127: 96]) ? qx[127: 96] : qy[127: 96]

6 qul127:0] = load128({as[31:4],4{0}})
7 as[31:0] = as[31:0] + 16
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1.8.109 EE.VMAX.S32.ST.INCP

Instruction Word
11100101 \ ay[0] \ av[2:0] \ 0 \ qal2:0] \ ax[1:0] \ ay[2:1] \ 0000 \ as[3:0] \ 111 \ ax[2] \

Assembler Syntax

EE.VMAX.S32.ST.INCP qv, as, ga, ax, qy

Description

This instruction compares numerical values of the four 32-bit vector data segments in registers gx and qy. The
data segment with the larger value is written into the corresponding 32-bit data segment in register ga.

During the operation, the instruction forces the lower 4 bits of the access address in register as to 0 and stores
the value in register qv to memory. After the access, the value in register as is incremented by 16.

Operation

1 qal 31: 0]
2 gal 63: 32]

(gx[ 31: @I>=qyl 31: 0]) ? gx[ 31: @] : gyl 31: @]
(gx[ 63: 32]>=qyl[ 63: 32]) ? gx[ 63: 32] : qyl[ 63: 32]

4 qal127: 96] (gx[127: 96]1>=qy[127: 96]) ? gx[127: 96] : qy[127: 96]

6 qv[127:0] => store128({as[31:41,4{0}})
7 as[31:0] = as[31:0] + 16
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1.8.110 EE.VMAX.S8

Instruction Word
110 | qa2:1] | 1110 | qal0] | ay2] | 1 | ay[1:0] | ax[2:0] | 01000100

Assembler Syntax

EE.VMAX.S8 ga, gx, qy

Description

This instruction compares numerical values of the 16 8-bit vector data segments in registers gqx and qy. The data
segment with the larger value is written into the corresponding 8-bit data segment in register ga.

Operation

1 qgal 7: 0]
2 qal 15: 8]
3

+  qal127:120]

(gx[ 7: @l>=qyl 7: @l) ? gx[ 7: @] : qyl[ 7: ol
(gx[ 15: 8]>=qy[ 15: 8]) ? gx[ 15: 8] : qyl[ 15: 8]

(gx[127:120]>=qy[127:120]) ? qx[127:120] : qy[127:120]
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1.8.111 EE.VMAX.S8.LD.INCP

Instruction Word
| 111000 | qui2:1] | ayl0] | 001 | quio] | qa[2:0] | ax[1:0] | ay[2:1] | 1111 | as[3:0] | 111 | qx(2] |

Assembler Syntax

EE.VMAX.S8.LD.INCP qu, as, ga, gx, qy

Description

This instruction compares numerical values of the 16 8-bit vector data segments in registers gqx and qy. The data
segment with the larger value is written into the corresponding 8-bit data segment in register ga.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is incremented
by 16.

Operation

1 gal 7: 0]
2 qal 15: 8]

(gx[ 7: @l>=qyl 7: @l) ? gx[ 7: @] : qyl 7: @]
(gx[ 15: 8]>=qy[ 15: 8]) ? gx[ 15: 8] : qyl[ 15: 8]

4 gal127:120]

(gx[127:120]>=qy[127:120]) ? qx[127:120] : qy[127:120]

6 qul127:0] = load128({as[31:4],4{0}})
7 as[31:0] = as[31:0] + 16

Espressif Systems 183 ESP32-S3 TRM (Version 1.2)
Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.2

1 Processor Instruction Extensions (PIE) GoBack

1.8.112 EE.VMAX.S8.ST.INCP

Instruction Word
11100101 \ ay[0] \ av[2:0] \ 1 \ qal2:0] \ ax[1:0] \ ay[2:1] \ 0000 \ as[3:0] \ 111 \ ax[2] \

Assembler Syntax

EE.VMAX.S8.ST.INCP qv, as, ga, gx, qy

Description

This instruction compares numerical values of the 16 8-bit vector data segments in registers gqx and qy. The data
segment with the larger value is written into the corresponding 8-bit data segment in register ga.

During the operation, the instruction forces the lower 4 bits of the access address in register as to 0 and stores
the value in register qv to memory. After the access, the value in register as is incremented by 16.

Operation

1 gal 7: 0]
2 gal 15: 8]

(gx[ 7: @]l>=qyl 7: @]) ? gx[ 7: @] : qyl[ 7: 0]
(gx[ 15: 8]>=qy[ 15: 8]) ? gx[ 15: 8] : qyl[ 15: 8]

4 qal127:120] (gx[127:120]1>=qy[127:120]) ? gx[127:120] : qy[127:120]

6 qv[127:0] => store128({as[31:41,4{0}})
7 as[31:0] = as[31:0] + 16

Espressif Systems 184 ESP32-S3 TRM (Version 1.2)
Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.2

1 Processor Instruction Extensions (PIE) GoBack

1.8.113 EE.VMIN.S16

Instruction Word
] 10 \ qal2:1] \ 1110 \ qal0] \ avl2] \ 1 \ ay[1:0] \ ax[2:0] \ 01010100

Assembler Syntax

EE.VMIN.S16 ga, gx, qy

Description

This instruction compares numerical values of the eight 16-bit vector data segments in registers gx and qy. The
data segment with the smaller value is written into the corresponding 16-bit data segment in register qa.
Operation

1 gal 15: 0]
2 gal 31: 16]
3

4 gqal127:112] = (gx[127:112]<=qy[127:112]) ? qgx[127:112] : qy[127:112]

(gx[ 15: @]l<=qy[ 15: @]) ? gx[ 15: @] : qy[ 15: @]
(gx[ 31: 16]<=qy[ 31: 16]) ? gx[ 31: 16] : qyl[ 31: 16]
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1.8.114 EE.VMIN.S16.LD.INCP

Instruction Word
| 111000 | qui2:1] | ayl0] | 010 | quio] | ga[2:0] | ax[1:0] | ay[2:1] | 1110 | as[3:0] | 111 | qx(2] |

Assembler Syntax

EE.VMIN.S16.LD.INCP qu, as, ga, gx, qy

Description

This instruction compares numerical values of the eight 16-bit vector data segments in registers gx and qy. The
data segment with the smaller value is written into the corresponding 16-bit data segment in register ga.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is incremented
by 16.

Operation

1 gal 15: 0]
2 gal 31: 16]

(gx[ 15: @l<=qyl[ 15: @]) ? gx[ 15: @] : qy[ 15: @]
(gx[ 31: 16]<=qy[ 31: 16]) ? gx[ 31: 16] : qyl[ 31: 16]

4 gal127:112]

(gx[127:112]<=qy[127:112]) ? qx[127:112] : qy[127:112]

6 qul127:0] = load128({as[31:4],4{0}})
7 as[31:0] = as[31:0] + 16
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1.8.115 EE.VMIN.S16.ST.INCP

Instruction Word
11100101 \ ay[0] \ av[2:0] \ 0 \ qal2:0] \ ax[1:0] \ ay[2:1] \ 0001 \ as[3:0] \ 111 \ ax[2] \

Assembler Syntax

EE.VMIN.S16.ST.INCP qv, as, ga, gx, qy

Description

This instruction compares numerical values of the eight 16-bit vector data segments in registers gx and qy. The
data segment with the smaller value is written into the corresponding 16-bit data segment in register ga.

During the operation, the instruction forces the lower 4 bits of the access address in register as to 0 and stores
the value in register qv to memory. After the access, the value in register as is incremented by 16.

Operation

1 qal 15: 0]
2 gal 31: 16]

(gx[ 15: @l<=qyl 15: @]) ? gx[ 15: @] : gyl 15: @]
(gx[ 31: 16]l<=qyl[ 31: 16]1) ? gx[ 31: 161 : qy[ 31: 16]

4 qal127:112] (gx[127:112]<=qy[127:112]) ? gx[127:112] : qy[127:112]

6 qv[127:0] => store128({as[31:41,4{0}})
7 as[31:0] = as[31:0] + 16
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1.8.116 EE.VMIN.S32

Instruction Word
] 10 \ qal2:1] \ 1110 \ qal0] \ avl2] \ 1 \ ay[1:0] \ ax[2:0] \ 01100100

Assembler Syntax

EE.VMIN.S32 ga, gx, qy

Description

This instruction compares numerical values of the four 32-bit vector data segments in registers gx and qy. The
data segment with the smaller value is written into the corresponding 32-bit data segment in register qa.
Operation

1 gal 31: 0]
2 gal 63: 32]

(gx[ 31: @l<=qyl 31: @) ? gx[ 31: @] : qyl[ 31: @]
(gx[ 63: 32]<=qy[ 63: 32]) ? gx[ 63: 32] : qyl[ 63: 32]

+  qal127: 96]

(gx[127: 96]1<=qy[127: 96]) ? qx[127: 96] : qy[127: 96]
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1.8.117 EE.VMIN.S32.LD.INCP

Instruction Word
] 111000 \ qu[2:1] \ ay[0] \ 011 \ qu[o] \ qal2:0] \ ox[1:0] \ ay[2:1] \ 1110 \ as[3:0] \ 111 \ ax[2] \

Assembler Syntax

EE.VMIN.S32.LD.INCP qu, as, ga, gx, qy

Description

This instruction compares numerical values of the four 32-bit vector data segments in registers gx and qy. The
data segment with the smaller value is written into the corresponding 32-bit data segment in register ga.
During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is incremented
by 16.

Operation

1 gal 31: 0]
2 gal 63: 32]
3

4 gal127: 96]

(gx[ 31: @l<=qyl 31: @]) ? gx[ 31: @] : qyl 31: @]
(gx[ 63: 32]<=qy[ 63: 32]) ? gx[ 63: 32] : qyl[ 63: 32]

(gx[127: 96]<=qy[127: 96]) ? qx[127: 96] : qy[127: 96]

6 qul127:0] = load128({as[31:4],4{0}})
7 as[31:0] = as[31:0] + 16
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1.8.118 EE.VMIN.S32.ST.INCP

Instruction Word
11100101 \ ay[0] \ av[2:0] \ 1 \ qal2:0] \ ax[1:0] \ ay[2:1] \ 0001 \ as[3:0] \ 111 \ ax[2] \

Assembler Syntax

EE.VMIN.S32.ST.INCP qv, as, ga, gx, qy

Description

This instruction compares numerical values of the four 32-bit vector data segments in registers gx and qy. The
data segment with the smaller value is written into the corresponding 32-bit data segment in register ga.
During the operation, the instruction forces the lower 4 bits of the access address in register as to 0 and stores
the value in register qv to memory. After the access, the value in register as is incremented by 16.

Operation

1 qal 31: 0]
2 gal 63: 32]

(gx[ 31: @l<=qyl 31: 0]) ? gx[ 31: @] : qyl 31: @]
(gx[ 63: 32]<=qyl[ 63: 32]) ? gx[ 63: 32] : qyl[ 63: 32]

4 qal127: 96] (gx[127: 96]<=qy[127: 96]) ? gx[127: 96] : qy[127: 96]

6 qv[127:0] => store128({as[31:41,4{0}})
7 as[31:0] = as[31:0] + 16
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1.8.119 EE.VMIN.S8

Instruction Word
] 10 \ qal2:1] \ 1110 \ qal0] \ avl2] \ 1 \ ay[1:0] \ ax[2:0] \ 01110100

Assembler Syntax

EE.VMIN.S8 ga, gx, qy

Description

This instruction compares numerical values of the 16 8-bit vector data segments in registers gqx and qy. The data
segment with the smaller value is written into the corresponding 8-bit data segment in register qa.

Operation

1 qgal 7: 0]
2 qal 15: 8]
3

+  qal127:120]

(gx[ 7: @l<=qyl 7: @l) ? gx[ 7: @] : qyl 7: ol
(gx[ 15: 8l<=qy[ 15: 8]) ? gx[ 15: 8] : qyl[ 15: 8]

(gx[127:120]<=qy[127:120]) ? qx[127:120] : qy[127:120]
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1.8.120 EE.VMIN.S8.LD.INCP

Instruction Word
| 111000 | qui2:1] | ayl0] | 010 | quio] | ga[2:0] | ax[1:0] | ay[2:1] | 1111 | as[3:0] | 111 | qx(2] |

Assembler Syntax

EE.VMIN.S8.LD.INCP qu, as, ga, gx, qy

Description

This instruction compares numerical values of the 16 8-bit vector data segments in registers gqx and qy. The data
segment with the smaller value is written into the corresponding 8-bit data segment in register qa.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is incremented
by 16.

Operation

1 gal 7: 0]
2 qal 15: 8]

(gx[ 7: @l<=qyl 7: @I) ? gx[ 7: @] : qyl 7: @]
(gx[ 15: 8]<=qyl 15: 8]) ? gx[ 15: 8] : qyl[ 15: 8]

4 gal127:120]

(gx[127:120]<=qy[127:120]) ? qx[127:120] : qy[127:120]

6 qul127:0] = load128({as[31:4],4{0}})
7 as[31:0] = as[31:0] + 16
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1.8.121 EE.VMIN.S8.ST.INCP

Instruction Word
11100101 \ ay[0] \ av[2:0] \ 0 \ qal2:0] \ ax[1:0] \ ay[2:1] \ 0010 \ as[3:0] \ 111 \ ax[2] \

Assembler Syntax

EE.VMIN.S8.ST.INCP qv, as, ga, gx, qy

Description

This instruction compares numerical values of the 16 8-bit vector data segments in registers gqx and qy. The data
segment with the smaller value is written into the corresponding 8-bit data segment in register qa.

During the operation, the instruction forces the lower 4 bits of the access address in register as to 0 and stores
the value in register qv to memory. After the access, the value in register as is incremented by 16.

Operation

1 gal 7: 0]
2 gal 15: 8]

(gx[ 7: @]<=qyl 7: @]) ? gx[ 7: @] : qyl[ 7: 0]
(gx[ 15: 8]<=qyl 15: 8]) ? gx[ 15: 8] : qyl[ 15: 8]

4 qal127:120] (gx[127:120]1<=qy[127:120]) ? gx[127:120] : qy[127:120]

6 qv[127:0] => store128({as[31:41,4{0}})
7 as[31:0] = as[31:0] + 16
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1.8.122 EE.VMUL.S16

Instruction Word

] 10 \ az[2:1] \ 1110 \ az[0] \ ayl2] \ 1 \ ay[1:0] \ ax[2:0] \ 10000100

Assembler Syntax
EE.VMUL.S16 gz, gx, qy
Description

This instruction performs a signed vector multiplication on 16-bit data. Registers gx and qy are the multiplier and

the multiplicand respectively. The eight 32-bit data results obtained from the calculation is arithmetically

right-shifted by the value in special register SAR. Then, the lower 16-bit data of the shift result is written into

corresponding segment of register qz.

Operation

1

2

qz[ 15:
qz[ 31:
qzl[ 47:
qz[ 63:
qzl[ 79:
gqz[ 95:
gzl[111:

0]
16]
32]
48]
641
80]
961

qz[127:112]
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(gx[ 15:
(gx[ 31:
(gx[ 47:
(gx[ 63:
(gx[ 79:
(gx[ 95:
(gx[111:

0]
16]
32]
48]
641
80]
96]

(gx[127:112]

X X X X X ¥ % ¥

qy[ 15:
qyl 31:
qyl[ 47:
qy[ 63:
qyl 79:
qy[ 95:
qyl[111:

qy [127
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1.8.123 EE.VMUL.S16.LD.INCP

Instruction Word

] 111000 \ qu[2:1] \ ay[0] \ 011 \ qu[o] \ qz[2:0] \ ox[1:0] \ ay[2:1] \ 1111 \ as[3:0] \ 111 \ ax[2] \

Assembler Syntax
EE.VMUL.S16.LD.INCP qu, as, gz, gx, qy
Description

This instruction performs a signed vector multiplication on 16-bit data. Registers gx and qy are the multiplier and

the multiplicand respectively. The eight 32-bit data results obtained from the calculation is arithmetically

right-shifted by the value in special register SAR. Then, the lower 16-bit data of the shift result is written into

corresponding segment of register qz.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the

16-byte data is loaded from the memory to register qu. After the access, the value in register as is incremented

by 16.

Operation

1

2

qz[ 15:
qz[ 31:
qzl 47:
qz[ 63:
qzl[ 79:
qz[ 95:
qz[111:
:112]

qz[127

qul127:0] =
as[31:0]

0]
161
32]
48]
641
80]
96]
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= (gx[ 31:
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= (gx[ 79:
= (gx[ 95:
= (gx[111:

= (gx[127

load128({as[31:
as[31:0] + 16

0]
161]
32]
48]
641
80]
96]
1112]

qyl[ 15: 0])
gyl 31: 16])
qyl 47: 321)
qyl[ 63: 481)
qyl 79: 64])
qy[ 95: 801)
gqy[111: 96])
qy[127:112])

* X X X X X X ¥
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>>
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1.8.124 EE.VMUL.S16.ST.INCP

Instruction Word

11100101 \ ay[0] \ av[2:0] \ 1 \ az[2:0] \ ox[1:0] \ ay[2:1] \ 0010 \ as[3:0] \ 111 \ ax[2] \

Assembler Syntax

EE.VMUL.S16.ST.INCP qv, as, gz, gx, qy

Description

This instruction performs a signed vector multiplication on 16-bit data. Registers gx and qy are the multiplier and

the multiplicand respectively. The eight 32-bit data results obtained from the calculation is arithmetically
right-shifted by the value in special register SAR. Then, the lower 16-bit data of the shift result is written into
corresponding segment of register qz.

During the operation, the instruction forces the lower 4 bits of the access address in register as to O and stores

the value in register qv to memory. After the access, the value in register as is incremented by 16.

Operation

1

qz[ 15:
qz[ 31:
qz[ 47:
qzl[ 63:
qzl[ 79:
qz[ 95:
qz[111:

0]
16]
32]
48]
641
801]
96]

qz[127:112]

(gx[ 15:
(gx[ 31:
(gx[ 47:
(gx[ 63:
(gx[ 79:
(gx[ 95:
(gx[111:

0]
16]
32]
48]
64]
801
96]

(gx[127:112]

* X X X X X X ¥

qv[127:0] => storel128({as[31

as[31:0]
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qy[ 15:
qy[ 31:
qyl[ 47:
qy[ 63:
qyl[ 79:
qy[ 95:
qyl[111:

qy [127

el)
16])
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48])
64])
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96]1)
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1.8.125 EE.VMUL.S8

Instruction Word

] 10 \ az[2:1] \ 1110 \ az[0] \ ayl2] \ 1 \ ay[1:0] \ ax[2:0] \ 10010100

Assembler Syntax

EE.VMUL.S8 gz, gx, qy

Description

This instruction performs a signed vector multiplication on 8-bit data. Registers gx and qy are the multiplier and

the multiplicand respectively. The 16 16-bit data results obtained from the calculation is arithmetically

right-shifted by the value in special register SAR. Then, the lower 8-bit data of the shift result is written into

corresponding segment of register qz.

Operation

1

2

gzl 7: 0]
qz[ 15: 8]
qz[ 23: 16]
gzl 31: 24]
gqz[ 39: 32]
qzl[ 47: 40]
gz[ 55: 48]
gz[ 63: 56]
gzl 71: 64]
gzl 79: 72]
qz[ 87: 80]
gz[ 95: 88]
qz[103: 96]
qz[111:104]
9qz[119:112]
qz[127:120]
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(gx[ 7: 0]
(gx[ 15: 8]
(gx[ 23: 161
(gx[ 31: 24]
(gx[ 39: 321
(gx[ 47: 40]
(gx[ 55: 48]
(gx[ 63: 561
(gx[ 71: 64]
(gx[ 79: 72]
(gx[ 87: 801
(gx[ 95: 88]
(gx[103: 961
(gx[111:104]
(qx[119:112]
(gx[127:120]

¥ X X X X X K X X X X X X X X ¥

qyl 7:
qyl 15:
qy[ 23:
qy[ 31:
qy[ 39:
qyl 47:
qy[ 55:
qy[ 63:
qyl[ 71:
qyl[ 79:
qyl[ 87:
qy[ 95:
qy[103:

qy[111
qy[119
qy [127
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1.8.126 EE.VMUL.S8.LD.INCP

Instruction Word

] 111000 \ qu[2:1] \ ay[0] \ 100 \ qu[o] \ qz[2:0] \ ox[1:0] \ ay[2:1] \ 1100 \ as[3:0] \ 111 \ ax[2] \

Assembler Syntax
EE.VMUL.S8.LD.INCP qu, as, gz, gx, gy
Description

This instruction performs a signed vector multiplication on 8-bit data. Registers gx and qy are the multiplier and

the multiplicand respectively. The 16 16-bit data results obtained from the calculation is arithmetically

right-shifted by the value in special register SAR. Then, the lower 8-bit data of the shift result is written into

corresponding segment of register qz.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the

16-byte data is loaded from the memory to register qu. After the access, the value in register as is incremented

by 16.

Operation

1

2

qzl 7: 0]
qz[ 15: 8]
gz[ 23: 16]
qz[ 31: 24]
gqz[ 39: 32]
gzl 47: 40]
qz[ 55: 48]
gqz[ 63: 56]
gzl 71: 64]
qz[ 79: 72]
qz[ 87: 80]
gz[ 95: 88]
qz[103: 96]
gz[111:104]
qz[119:112]
qz[127:120]

qul127:0] =
as[31:0] =
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= (gx[ 7:
= (gx[ 15:
= (gx[ 23:
= (gqx[ 31:
= (gx[ 39:
= (gx[ 47:
= (gx[ 55:
= (gx[ 63:
= (gx[ 71:
= (gx[ 79:
= (gx[ 87:
= (gx[ 95:
= (gx[103:

= (gx[111
= (gx[119
= (gx[127

load128({as[31:
as[31:0] + 16

0]

8]
16]
24]
32]
40]
48]
56]
64]
72]
80]
88]
961]
:104]
1112]
:120]

qyl 7:
qy[ 15:
qy[ 23:
qy[ 31:
qy[ 39:
qyl 47:
qy[ 55:
qy[ 63:
qyl[ 71:
qyl 79:
qyl[ 87:
qy[ 95:
qy[103:
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81)
16])
24])
321)
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48])
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721)
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88])
96])
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1.8.127 EE.VMUL.S8.ST.INCP

Instruction Word

11100101 \ ay[0] \ av[2:0] \ 0 \ az[2:0] \ ox[1:0] \ ay[2:1] \ 0011 \ as[3:0] \ 111 \ ax[2] \

Assembler Syntax
EE.VMUL.S8.ST.INCP qv, as, gz, gx, qy
Description

This instruction performs a signed vector multiplication on 8-bit data. Registers gx and qy are the multiplier and

the multiplicand respectively. The 16 16-bit data results obtained from the calculation is arithmetically

right-shifted by the value in special register SAR. Then, the lower 8-bit data of the shift result is written into

corresponding segment of register qz.

During the operation, the instruction forces the lower 4 bits of the access address in register as to O and stores

the value in register qv to memory. After the access, the value in register as is incremented by 16.

Operation

1

gzl 7: 0]
gz[ 15: 8]
gzl 23: 16]
qz[ 31: 24]
gzl 39: 32]
qzl[ 47: 40]
gqz[ 55: 48]
gz[ 63: 56]
qz[ 71: 64]
qzl[ 79: 72]
qz[ 87: 80]
gqz[ 95: 88]
gz[103: 96]
gz[111:104]
qz[119:112]
qz[127:120]

(gx[ 7: o]
(gx[ 15: 8]
(gx[ 23: 16]
(gx[ 31: 24]
(gx[ 39: 32]
(gx[ 47: 401
(gx[ 55: 48]
(gx[ 63: 56]
(gx[ 71: 64]
(gx[ 79: 721
(gx[ 87: 80]
(gx[ 95: 88]
(gx[103: 96]
(gx[111:104]
(gx[119:112]
(gx[127:120]
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qv[127:0] => store128({as[31

as[31:0] =

Espressif Systems

as[31:0] + 16

qyl 7:
qy[ 15:
qy[ 23:
qy[ 31:
qy[ 39:
qyl[ 47:
qy[ 55:
qy[ 63:
qyl 71:
qyl 79:
qy[ 87:
qy[ 95:
qyl[103:

qy[111
qy[119
qy[127

el)

81)
16]1)
241)
32])
401)
48]1)
561)
64])
72])
80l])
881)
96])
:1041)
:112])
:1201)
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1.8.128 EE.VMUL.U16

Instruction Word

] 10 \ az[2:1] \ 1110 \ az[0] \ ayl2] \ 1 \ ay[1:0] \ ax[2:0] \ 10100100

Assembler Syntax
EE.VMUL.U16 gz, gx, qy
Description

This instruction performs an unsigned vector multiplication on 16-bit data. Registers gx and qy are the multiplier

and the multiplicand respectively. The eight 32-bit data results obtained from the calculation is logically

right-shifted by the value in special register SAR. Then, the lower 16-bit data of the shift result is written into

corresponding segment of register qz.

Operation

1

2

qz[ 15:
qz[ 31:
qzl[ 47:
qz[ 63:
qzl[ 79:
gqz[ 95:
gzl[111:

0]
16]
32]
48]
641
80]
961

qz[127:112]

Espressif Systems

(gx[ 15:
(gx[ 31:
(gx[ 47:
(gx[ 63:
(gx[ 79:
(gx[ 95:
(gx[111:

0]
16]
32]
48]
641
80]
96]

(gx[127:112]

X X X X X ¥ % ¥

qy[ 15:
qyl 31:
qyl[ 47:
qy[ 63:
qyl 79:
qy[ 95:
qyl[111:

qy[127
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1.8.129 EE.VMUL.U16.LD.INCP

Instruction Word

] 111000 \ qu[2:1] \ ay[0] \ 101 \ qu[o] \ qz[2:0] \ ox[1:0] \ ay[2:1] \ 1100 \ as[3:0] \ 111 \ ax[2] \

Assembler Syntax
EE.VMUL.U16.LD.INCP qu, as, gz, gx, qy
Description

This instruction performs an unsigned vector multiplication on 16-bit data. Registers gx and qy are the multiplier

and the multiplicand respectively. The eight 32-bit data results obtained from the calculation is logically

right-shifted by the value in special register SAR. Then, the lower 16-bit data of the shift result is written into

corresponding segment of register qz.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the

16-byte data is loaded from the memory to register qu. After the access, the value in register as is incremented

by 16.

Operation

1

2

qz[ 15:
qz[ 31:
qzl 47:
qz[ 63:
qzl[ 79:
qz[ 95:
qz[111:

qz[127

qul127:

0]
161]
32]
48]
64]
80]
96]
:112]

0] =

as[31:0]1 =

Espressif Systems

= (gx[ 15:
= (gx[ 31:
= (gx[ 47:
= (gx[ 63:
= (gx[ 79:
= (gx[ 95:
= (gx[111:

= (gx[127

load128({as[31:
as[31:0] + 16

0]
161]
32]
48]
641
80]
96]
1112]

qyl[ 15: 0])
gyl 31: 16])
qyl 47: 321)
qyl[ 63: 481)
qyl 79: 64])
qy[ 95: 801)
gqy[111: 96])
qy[127:112])
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1.8.130 EE.VMUL.U16.ST.INCP

Instruction Word

11100101 \ ay[0] \ av[2:0] \ 1 \ az[2:0] \ ox[1:0] \ ay[2:1] \ 0011 \ as[3:0] \ 111 \ ax[2] \

Assembler Syntax

EE.VMUL.U16.ST.INCP qv, as, gz, gx, qy

Description

This instruction performs an unsigned vector multiplication on 16-bit data. Registers gx and qy are the multiplier

and the multiplicand respectively. The eight 32-bit data results obtained from the calculation is logically
right-shifted by the value in special register SAR. Then, the lower 16-bit data of the shift result is written into
corresponding segment of register qz.

During the operation, the instruction forces the lower 4 bits of the access address in register as to O and stores

the value in register qv to memory. After the access, the value in register as is incremented by 16.

Operation

1

qz[ 15:
qz[ 31:
qz[ 47:
qzl[ 63:
qzl[ 79:
qz[ 95:
qz[111:

0]
16]
32]
48]
641
801]
96]

qz[127:112]

(gx[ 15:
(gx[ 31:
(gx[ 47:
(gx[ 63:
(gx[ 79:
(gx[ 95:
(gx[111:

0]
16]
32]
48]
64]
801
96]

(gx[127:112]

* X X X X X X ¥

qv[127:0] => storel128({as[31

as[31:0]
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as[31:0] + 16

qy[ 15:
qy[ 31:
qyl[ 47:
qy[ 63:
qyl[ 79:
qy[ 95:
qyl[111:

qy [127

el)
16])
32])
48])
64])
801)
96]1)
:112])
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1.8.131

Instruction Word

EE.VMUL.US8

| 10 | qz2:1] | 1110 | z(0) | ayi2] | 1 | ay(1:0] | gx(2:0] | 10110100

Assembler Syntax

EE.VMUL.U8 gz, ax, ay

Description

This instruction performs an unsigned vector multiplication on 8-bit data. Registers gx and qy are the multiplier

and the multiplicand respectively. The 16 16-bit data results obtained from the calculation is logically right-shifted

by the value in special register SAR. Then, the lower 8-bit data of the shift result is written into corresponding

segment of register qz.

Operation

1

2

gzl 7: 0]
qz[ 15: 8]
qz[ 23: 16]
gzl 31: 24]
gqz[ 39: 32]
qzl[ 47: 40]
gz[ 55: 48]
gz[ 63: 56]
gzl 71: 64]
gzl 79: 72]
qz[ 87: 80]
gz[ 95: 88]
qz[103: 96]
qz[111:104]
9qz[119:112]
qz[127:120]

Espressif Systems

(gx[ 7: 0]
(gx[ 15: 8]
(gx[ 23: 161
(gx[ 31: 24]
(gx[ 39: 321
(gx[ 47: 40]
(gx[ 55: 48]
(gx[ 63: 561
(gx[ 71: 64]
(gx[ 79: 72]
(gx[ 87: 801
(gx[ 95: 88]
(gx[103: 961
(gx[111:104]
(qx[119:112]
(gx[127:120]

¥ X X X X X K X X X X X X X X ¥

qyl 7:
qyl 15:
qy[ 23:
qy[ 31:
qy[ 39:
qyl 47:
qy[ 55:
qy[ 63:
qyl[ 71:
qyl[ 79:
qyl[ 87:
qy[ 95:
qy[103:

qy[111
qy[119
qy [127
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1.8.132 EE.VMUL.US8.LD.INCP

Instruction Word

] 111000 \ qu[2:1] \ ay[0] \ 110 \ qu[o] \ qz[2:0] \ ox[1:0] \ ay[2:1] \ 1100 \ as[3:0] \ 111 \ ax[2] \

Assembler Syntax
EE.VMUL.U8.LD.INCP qu, as, gz, gx, qy
Description

This instruction performs an unsigned vector multiplication on 8-bit data. Registers gx and qy are the multiplier

and the multiplicand respectively. The 16 32-bit data results obtained from the calculation is logically right-shifted

by the value in special register SAR. Then, the lower 8-bit data of the shift result is written into corresponding

segment of register qz.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the

16-byte data is loaded from the memory to register qu. After the access, the value in register as is incremented

by 16.

Operation

1

2

qzl 7: 0]
qz[ 15: 8]
gz[ 23: 16]
qz[ 31: 24]
gqz[ 39: 32]
gzl 47: 40]
qz[ 55: 48]
gqz[ 63: 56]
gzl 71: 64]
qz[ 79: 72]
qz[ 87: 80]
gz[ 95: 88]
qz[103: 96]
gz[111:104]
qz[119:112]
qz[127:120]

qul127:0] =
as[31:0] =

Espressif Systems

= (gx[ 7:
= (gx[ 15:
= (gx[ 23:
= (gqx[ 31:
= (gx[ 39:
= (gx[ 47:
= (gx[ 55:
= (gx[ 63:
= (gx[ 71:
= (gx[ 79:
= (gx[ 87:
= (gx[ 95:
= (gx[103:

= (gx[111
= (gx[119
= (gx[127

load128({as[31:
as[31:0] + 16

0]

8]
16]
24]
32]
40]
48]
56]
64]
72]
80]
88]
961]
:104]
1112]
:120]

qyl 7:
qy[ 15:
qy[ 23:
qy[ 31:
qy[ 39:
qyl 47:
qy[ 55:
qy[ 63:
qyl[ 71:
qyl 79:
qyl[ 87:
qy[ 95:
qy[103:
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1.8.133 EE.VMUL.US8.ST.INCP

Instruction Word

11101000 \ ay[0] \ av[2:0] \ 1 \ az[2:0] \ ox[1:0] \ ay[2:1] \ 0000 \ as[3:0] \ 111 \ ax[2] \

Assembler Syntax
EE.VMUL.U8.ST.INCP qv, as, gz, gx, qy
Description

This instruction performs an unsigned vector multiplication on 8-bit data. Registers gx and qy are the multiplier

and the multiplicand respectively. The 16 16-bit data results obtained from the calculation is logically right-shifted

by the value in special register SAR. Then, the lower 8-bit data of the shift result is written into corresponding

segment of register qz.

During the operation, the instruction forces the lower 4 bits of the access address in register as to O and stores

the value in register qv to memory. After the access, the value in register as is incremented by 16.

Operation

1

gzl 7: 0]
gz[ 15: 8]
gzl 23: 16]
qz[ 31: 24]
gzl 39: 32]
qzl[ 47: 40]
gqz[ 55: 48]
gz[ 63: 56]
qz[ 71: 64]
qzl[ 79: 72]
qz[ 87: 80]
gqz[ 95: 88]
gz[103: 96]
gz[111:104]
qz[119:112]
qz[127:120]

(gx[ 7: o]
(gx[ 15: 8]
(gx[ 23: 16]
(gx[ 31: 24]
(gx[ 39: 32]
(gx[ 47: 401
(gx[ 55: 48]
(gx[ 63: 56]
(gx[ 71: 64]
(gx[ 79: 721
(gx[ 87: 80]
(gx[ 95: 88]
(gx[103: 96]
(gx[111:104]
(gx[119:112]
(gx[127:120]

¥ XX X X X X X X X X X X X X ¥

qv[127:0] => store128({as[31

as[31:0] =
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as[31:0] + 16

qyl 7:
qy[ 15:
qy[ 23:
qy[ 31:
qy[ 39:
qyl[ 47:
qy[ 55:
qy[ 63:
qyl 71:
qyl 79:
qy[ 87:
qy[ 95:
qyl[103:

qy[111
qy[119
qy[127

el)

81)
16]1)
241)
32])
401)
48]1)
561)
64])
72])
80l])
881)
96])
:1041)
:112])
:1201)
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1.8.134 EE.VMULAS.S16.ACCX

Instruction Word
000110100 \ av2] \ 0 \ ay[1:0] \ ax[2:0] \ 10000100

Assembler Syntax

EE.VMULAS.S16.ACCX gx, qy

Description

This instruction divides registers gx and qy into 8 data segments by 16 bits. Then, it performs a signed
multiply-accumulate operation on the 8 sets of segments respectively. The accumulated result is added to the
value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

Operation

1 adde[31:0]
2 add1[31:0]

gx[ 15: @] * qyl[ 15: 0]
gx[ 31: 16] * qy[ 31: 16]

4 add7[31:0] = gx[127:112] * qy[127:112]
5 sum[40:0] = ACCX[39:0] + ad[31:0]d0[31:0] + ad[31:0]1d1[31:0] + ... + ad[31:0]1d7[31:0]

7 ACCX[39:0] = min(max(sum[40:0], -2~{39}), 27{39}-1)
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1.8.135 EE.VMULAS.S16.ACCX.LD.IP

Instruction Word
| 1111 [ imm16[5:4] | qui2:1] | ay[o] | 000 | qu[0] | 000 | ax(1:0] | ay2:1] | imm16[3:0] | as[3:0] | 111 | ox(2] |

Assembler Syntax

EE.VMULAS.S16.ACCX.LD.IP qu, as, -512..496, gx, qy

Description

This instruction divides registers gx and qy into 8 data segments by 16 bits. Then, it performs a signed
multiply-accumulate operation on the 8 sets of segments respectively. The accumulated result is added to the
value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is
incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

Operation

1 addo[31:0]
2 add1[31:0]

gx[ 15: @] * qyl[ 15: 0]
gx[ 31: 16] * qy[ 31: 16]

4 add7[31:0] = qgx[127:112] * qy[127:112]
5 sum[40:0] = ACCX[39:0] + ad[31:0]1d0[31:0] + ad[31:0]1d1[31:0] + ... + ad[31:0]d7[31:0]
6 ACCX[39:0] = min(max(sum[40:0], -2~{39}), 2~{39}-1)

8 qu[127:0] = load128({as[31:4],4{0}})
9 as[31:0] = as[31:0] + {20{imm16[71},imm16[7:0]1,4{0}}
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1.8.136 EE.VMULAS.S16.ACCX.LD.IP.QUP

Instruction Word
| 0000 | imm16[5:4] | qui2:1] | ay[0] | gs0[2:0] | qu(0] | gs1[2:0] | ax([1:0] | ay[2:1] | imm16[3:0] | as[3:0] | 111 | ax[2] |

Assembler Syntax

EE.VMULAS.S16.ACCX.LD.IPQUP qu, as, imm16, gx, qy, gs0, gs1

Description

This instruction divides registers gx and qy into 8 data segments by 16 bits. Then, it performs a signed
multiply-accumulate operation on the 8 sets of segments respectively. The accumulated result is added to the
value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is
incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting consecutive
aligned data stored in the two registers qs@ and gs1 and stores it to qs@. The shift byte is stored in special
register SAR_BYTE.

Operation

1 addo[31:0]
2 add1[31:0]

gx[ 15: @] % qy[ 15: 0]
gx[ 31: 16] * qy[ 31: 16]

4 add7[31:0] = gx[127:112] * qy[127:112]
5 sum[40:0] = ACCX[39:0] + ad[31:0]d0[31:0] + ad[31:0]d1[31:0] + ... + ad[31:0]d7[31:0]
6 ACCX[39:0] = min(max(sum[40:0], -2~{39}), 27~{39}-1)

8 qu[127:0] = load128({as[31:4],4{0}})
9 as[31:0] = as[31:0] + {20{imm16([71},imm16[7:0]1,4{0}}
10 qs0[127:0] = {qgs1[127:0], qs@[127:0]} >> {SAR_BYTE[3:0] << 3}
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1.8.137 EE.VMULAS.S16.ACCX.LD.XP

Instruction Word
| 111100 | qui2:1] | ayl0] | 001 | qufo] | 000 | ax{1:0] | ay[2:1] | ad[3:0] | as[3:0] | 111 | ox(2] |

Assembler Syntax

EE.VMULAS.S16.ACCX.LD.XP qu, as, ad, gx, qy

Description

This instruction divides registers gx and qy into 8 data segments by 16 bits. Then, it performs a signed
multiply-accumulate operation on the 8 sets of segments respectively. The accumulated result is added to the
value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is
incremented by the value in register ad.

Operation

1 addo[31:0]
2 add1[31:0]

gx[ 15: @] * qyl[ 15: 0]
gx[ 31: 16] * qy[ 31: 16]

4 add7[31:0] = qgx[127:112] * qy[127:112]
5 sum[40:0] = ACCX[39:0] + ad[31:0]1d0[31:0] + ad[31:0]1d1[31:0] + ... + ad[31:0]d7[31:0]
6 ACCX[39:0] = min(max(sum[40:0], -2~{39}), 2~{39}-1)

8 qul[127:0] = load128({as[31:4],4{0}})
9 as[31:0] = as[31:0] + ad[31:0]
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1.8.138 EE.VMULAS.S16.ACCX.LD.XP.QUP

Instruction Word
| 101100 | qui2:1] | ayl0] | gs0[2:0] | qulO] | as12:0] | ax(1:0] | ay2:1] | ad[3:0] | as[3:0] | 111 | ax[2] |

Assembler Syntax

EE.VMULAS.S16.ACCX.LD.XP.QUP qu, as, ad, gx, qy, gs0, gsT

Description

This instruction divides registers gx and qy into 8 data segments by 16 bits. Then, it performs a signed
multiply-accumulate operation on the 8 sets of segments respectively. The accumulated result is added to the
value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is
incremented by the value in register ad.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting consecutive
aligned data stored in the two registers qs@ and gs1 and stores it to qs@. The shift byte is stored in special
register SAR_BYTE.

Operation

1 addo[31:0] = gx[ 15: 0] * qy[ 15: 0]
2 add1[31:0] = gx[ 31: 16] * qy[ 31: 16]

4 add7[31:0] = gx[127:112] * qy[127:112]
5 sum[40:0] = ACCX[39:0] + ad[31:0]d0[31:0] + ad[31:0]d1[31:0] + ... + ad[31:0]d7[31:0]
6 ACCX[39:0] = min(max(sum[40:0], -2~{39}), 27~{39}-1)

8 qu[127:0] = load128({as[31:4],4{0}})
9 as[31:0] = as[31:0] + ad[31:0]
10 9s0[127:0] = {qgs1[127: 0], qs@[127: 0]} >> {SAR_BYTE[3:0] << 3}

Espressif Systems 210 ESP32-S3 TRM (Version 1.2)
Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.2

1

Processor Instruction Extensions (PIE)

GoBack

1.8.139 EE.VMULAS.S16.QACC

Instruction Word

000110100 | qyf2] | 1 | ayl1:0] | ax(2:0] | 10000100

Assembler Syntax
EE.VMULAS.S16.QACC gx, qy
Description
This instruction divides registers gx and qy into 8 data segments by 16 bits. Then, the signed multiplication result
of 8 sets of segments is added to the corresponding 40-bit data segment in special registers QACC_H and QACC_L
respectively. The calculated result is saturated to a 40-bit signed number and then stored to the corresponding

40-bit data segment in QACC_H and QACC_L.
Operation

1

QACC_L[ 39: 0]
27{39}-1)
QACC_LI[ 79: 4ol
27{39}-1)
QACC_L[119: 80]
27{39}-1)
QACC_L[159:120]
27{39}-1)
QACC_H[ 39: 0]
2~{39}-1)
QACC_HI 79: 40l
27{39}-1)
QACC_H[119: 80l
27{39}-1)
QACC_HI[159:120]
27{39}-1)
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min(max(QACC_L[ 39:

min(max(QACC_L[ 79:

min(max(QACC_L[119:

min(max(QACC_L[159

min(max(QACC_H[ 39:

min(max(QACC_H[ 79:

min(max(QACC_H[119:

min(max(QACC_H[159

11201 +

11201 +

211

0] +

40] +

80] +

0] +

40] +

80] +

gx[ 15:

gx[ 31:

gx[ 47:

gx[ 63:

ax[ 79:

gx[ 95:

gx[111:

0]

161

32]

48]

641

801

961

gx[127:112]
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qy[ 15:

qy[ 31:

qyl 47:

qy[ 63:

qyl[ 79:

qy[ 95:

qyl[111:

qy [127

0]; _2A{39})I

161, -27{39}),

32], -27{39}),

48], -2~{39}),

64], _2A{39})I

80l, -2~{39}),

96], -2~{39}),

11121, -2~{39}),
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1.8.140 EE.VMULAS.S16.QACC.LD.IP

Instruction Word
| 1111 [ imm16[5:4] | qui2:1] | ay[o] | 000 | qu[o] | 001 | ax(1:0] | ay2:1] | imm16[3:0] | as[3:0] | 111 | ox(2] |

Assembler Syntax

EE.VMULAS.S16.QACC.LD.IP qu, as, imm16, gx, qy

Description

This instruction divides registers gx and qy into 8 data segments by 16 bits. Then, the signed multiplication result
of 8 sets of segments is added to the corresponding 40-bit data segment in special registers QACC_H and QACC_L
respectively. The calculated result is saturated to a 40-bit signed number and then stored to the corresponding
40-bit data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is
incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

Operation

1 QACC_LI[ 39: @] = min(max(QACC_L[ 39: @] + gx[ 15: @] * qy[ 15: @], -2~{39}),

2~{39}-1)

> QACC_L[ 79: 40] = min(max(QACC_L[ 79: 40] + gqx[ 31: 16] % qy[ 31: 161, -2~{39}),
2~{39}-1)

3 QACC_L[119: 80] = min(max(QACC_L[119: 80] + gx[ 47: 32] x qyl[ 47: 32], -2~{39}),
2~{39}-1)

4 QACC_L[159:120] = min(max(QACC_L[159:120] + gx[ 63: 48] x qy[ 63: 481, -2~{39}),
2~{39}-1)

5 QACC_HI[ 39: @] = min(max(QACC_H[ 39: @] + gx[ 79: 641 x qy[ 79: 641, -2~{39}),
2~{39}-1)

6 QACC_H[ 79: 40] = min(max(QACC_H[ 79: 40] + gx[ 95: 80] * qy[ 95: 801, -2~{39}),
2~{39}-1)

7 QACC_H[119: 80] = min(max(QACC_H[119: 8@] + gx[111: 96] x* qy[111l: 96], -2~{39}),
2~{39}-1)

8 QACC_H[159:120] = min(max(QACC_H[159:120] + gx[127:112] x qy[127:112]1, -2~{39}),
2~{39}-1)

10 qul[127:0] = load128({as[31:4],4{0}})
11 as[31:0] = as[31:0] + {22{imm16[5]},imm16[5:0],4{0}}
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1.8.141 EE.VMULAS.S16.QACC.LD.IP.QUP

Instruction Word
] 0001 \ imm16[5:4] \ qu[2:1] \ ay[0] \ qs0[2:0] \ qu[o] \ gs1[2:0] \ ax[1:0] \ ay[2:1] \ imm16[3:0] \ as[3:0] \ 111 \ ox[2] \

Assembler Syntax

EE.VMULAS.S16.QACC.LD.IPQUP qu, as, imm16, gx, qy, gs0, gs1

Description

This instruction divides registers gx and qy into 8 data segments by 16 bits. Then, the signed multiplication result
of 8 sets of segments is added to the corresponding 40-bit data segment in special registers QACC_H and QACC_L
respectively. The calculated result is saturated to a 40-bit signed number and then stored to the corresponding
40-bit data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is
incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting consecutive
aligned data stored in the two registers qs@ and gs1 and stores it to qs@. The shift byte is stored in special
register SAR_BYTE.

Operation

¢+ QACC_LI[ 39: @] = min(max(QACC_L[ 39: @] + gqx[ 15: @1 % qy[ 15: @], -2~{39}),

2~{39}-1)

2 QACC_L[ 79: 40] = min(max(QACC_L[ 79: 40] + gx[ 31: 16] x qy[ 31: 161, -2~{39}),
2~{39}-1)

3 QACC_L[119: 80] = min(max(QACC_L[119: 80] + gx[ 47: 321 % qyl[ 47: 321, -2~{39}),
2~{39}-1)

4 QACC_L[159:120] = min(max(QACC_L[159:120] + gx[ 63: 48] * qy[ 63: 48], -2~{39}),
2~{39}-1)

s QACC_H[ 39: @] = min(max(QACC_H[ 39: @] + gx[ 79: 641 * qy[ 79: 641, -2~{39}),
2~{39}-1)

6 QACC_H[ 79: 40] = min(max(QACC_H[ 79: 40] + gx[ 95: 80] * qy[ 95: 801, -2~{39}),
2~{39}-1)

7 QACC_H[119: 80] = min(max(QACC_H[119: 80] + gx[111: 96] * qy[111l: 96], -2~{39}),
2~{39}-1)

s QACC_H[159:120] = min(max(QACC_H[159:120] + qx[127:112] x qy[127:112], -2~{39}),
2~{39}-1)

10 qul127:0] = load128({as[31:4]1,4{0}})
1 as[31:0] = as[31:0] + {22{imm16[5]},imm16[5:0],4{0}}
12 gs0[127:0] = {qs1[127:0]1, qs0[127:0]} >> {SAR_BYTE[3:0] << 3}
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1.8.142 EE.VMULAS.S16.QACC.LD.XP

Instruction Word
| 111100 | qui2:1] | ayl0] | 001 | quio] | 001 | ax{1:0] | ay[2:1] | ad[3:0] | as[3:0] | 111 | ox2] |

Assembler Syntax

EE.VMULAS.S16.QACC.LD.XP qu, as, ad, gx, qy

Description

This instruction divides registers gx and qy into 8 data segments by 16 bits. Then, the signed multiplication result
of 8 sets of segments is added to the corresponding 40-bit data segment in special registers QACC_H and QACC_L
respectively. The calculated result is saturated to a 40-bit signed number and then stored to the corresponding
40-bit data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is
incremented by the value in register ad.

Operation

1 QACC_LI[ 39: @] = min(max(QACC_L[ 39: @] + gx[ 15: @] * qy[ 15: @], -2~{39}),

2~{39}-1)

> QACC_L[ 79: 40] = min(max(QACC_L[ 79: 40] + gqx[ 31: 16] % qy[ 31: 161, -2~{39}),
2~{39}-1)

3 QACC_L[119: 80] = min(max(QACC_L[119: 80] + gx[ 47: 32] x qyl[ 47: 32], -2~{39}),
2~{39}-1)

4 QACC_L[159:120] = min(max(QACC_L[159:120] + gx[ 63: 48] x qy[ 63: 481, -2~{39}),
2~{39}-1)

5 QACC_HI[ 39: @] = min(max(QACC_H[ 39: @] + gx[ 79: 641 x qy[ 79: 641, -2~{39}),
2~{39}-1)

6 QACC_H[ 79: 40] = min(max(QACC_H[ 79: 40] + gx[ 95: 80] * qy[ 95: 801, -2~{39}),
2~{39}-1)

7 QACC_H[119: 80] = min(max(QACC_H[119: 8@] + gx[111: 96] x* qy[111l: 96], -2~{39}),
2~{39}-1)

8 QACC_H[159:120] = min(max(QACC_H[159:120] + gx[127:112] x qy[127:112]1, -2~{39}),
2~{39}-1)

10 qul[127:0] = load128({as[31:4],4{0}})
11 as[31:0] = as[31:0] + ad[31:0]
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1.8.143 EE.VMULAS.S16.QACC.LD.XP.QUP

Instruction Word
] 101101 \ qu[2:1] \ ay[0] \ qs0[2:0] \ qu[o] \ gs1[2:0] \ ox[1:0] \ ay[2:1] \ ad([3:0] \ as[3:0] \ 111 \ ox[2] \

Assembler Syntax

EE.VMULAS.S16.QACC.LD.XP.QUP qu, as, ad, gx, qy, gs0, gs1

Description

This instruction divides registers gx and qy into 8 data segments by 16 bits. Then, the signed multiplication result
of 8 sets of segments is added to the corresponding 40-bit data segment in special registers QACC_H and QACC_L
respectively. The calculated result is saturated to a 40-bit signed number and then stored to the corresponding
40-bit data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is
incremented by the value in register ad.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting consecutive
aligned data stored in the two registers qs@ and gs1 and stores it to qs@. The shift byte is stored in special
register SAR_BYTE.

Operation

¢+ QACC_LI[ 39: @] = min(max(QACC_L[ 39: @] + gqx[ 15: @1 % qy[ 15: @], -2~{39}),

2~{39}-1)

2 QACC_L[ 79: 40] = min(max(QACC_L[ 79: 40] + gx[ 31: 16] x qy[ 31: 161, -2~{39}),
2~{39}-1)

3 QACC_L[119: 80] = min(max(QACC_L[119: 80] + gx[ 47: 321 % qyl[ 47: 321, -2~{39}),
2~{39}-1)

4 QACC_L[159:120] = min(max(QACC_L[159:120] + gx[ 63: 48] * qy[ 63: 48], -2~{39}),
2~{39}-1)

s QACC_H[ 39: @] = min(max(QACC_H[ 39: @] + gx[ 79: 641 * qy[ 79: 641, -2~{39}),
2~{39}-1)

6 QACC_H[ 79: 40] = min(max(QACC_H[ 79: 40] + gx[ 95: 80] * qy[ 95: 801, -2~{39}),
2~{39}-1)

7 QACC_H[119: 80] = min(max(QACC_H[119: 80] + gx[111: 96] * qy[111l: 96], -2~{39}),
2~{39}-1)

s QACC_H[159:120] = min(max(QACC_H[159:120] + qx[127:112] x qy[127:112], -2~{39}),
2~{39}-1)

10 qul127:0] = load128({as[31:4]1,4{0}})
1 as[31:0] = as[31:0] + ad[31:0]
12 gs0[127:0] = {qs1[127:0]1, qs0[127:0]} >> {SAR_BYTE[3:0] << 3}
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1.8.144 EE.VMULAS.S16.QACC.LDBC.INCP

Instruction Word

1100 | qu2) | 0111 | qu[t] | ay[2] | qui0] | ay[1:0] | ax[2:0] | as[3:0] | 0100 |

Assembler Syntax
EE.VMULAS.S516.QACC.LDBC.INCP qu, as, gx, qy
Description

This instruction divides registers gx and qy into 8 data segments by 16 bits. Then, the signed multiplication result
of 8 sets of segments is added to the corresponding 40-bit data segment in special registers QACC_H and QACC_L
respectively. The calculated result is saturated to a 40-bit signed number and then stored to the corresponding

40-bit data segment in QACC_H and QACC_L.
At the same time, this instruction forces the lower 1 bit of the access address in register as to 0, loads 16-bit

data from memory, and broadcasts it to the eight 16-bit data segments in register qu. After the access, the value

in register as is incremented by 2.

Operation

1

QACC_L[ 39: 0]
2~{39}-1)
QACC_L[ 79: 40]
2~{39}-1)
QACC_L[119: 80]
2~{39}-1)
QACC_L[159:120]
2~{39}-1)
QACC_H[ 39: 0]
2~{39}-1)
QACC_H[ 79: 40]
2~{39}-1)
QACC_H[119: 80]
2~{39}-1)
QACC_H[159:120]
2~{39}-1)

min(max(QACC_L[ 39:

min(max(QACC_L[ 79:

min(max(QACC_L[119:

min(max(QACC_L[159

min(max(QACC_H[ 39:

min(max(QACC_H[ 79:

min(max(QACC_H[119:

min(max(QACC_H[159

:120] +

11201 +

qul127:0] = {8{loadl6({as[31:1],1{0}})}}
as[31:0] = as[31:0] + 2
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0] +

40] +

80] +

0] +

40] +

80] +

gx[ 15:

gx[ 31:

gx[ 47:

gx[ 63:

gx[ 79:

gx[ 95:

gx[111:

0]

16]

32]

48]

641

801

961

gx[127:112]
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qy[ 15:

qy[ 31:

qyl[ 47:

qy[ 63:

qy[ 79:

qy[ 95:

qy[111:

qy [127

0], -2~{39}),

161, -2~{39}),

321, -27{39}),

48], -27{39}),

641, -2~{39}),

801, -2~{39}),

961, -27{39}),

11121, -2~{39}),
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1.8.145 EE.VMULAS.S16.QACC.LDBC.INCP.QUP

Instruction Word

| 111000 | qui2:1] | ayl0] | gs0[2:0] | qul0] | gs1[2:0] | ax(1:0] | ayl2:1] | 1000 | as[3:0] | 111 | ax[2] |

Assembler Syntax
EE.VMULAS.S16.QACC.LDBC.INCP.QUP qu, as, gx, qy, gs0, gs1
Description

This instruction divides registers gx and qy into 8 data segments by 16 bits. Then, the signed multiplication result

of 8 sets of segments is added to the corresponding 40-bit data segment in special registers QACC_H and QACC_L

respectively. The calculated result is saturated to a 40-bit signed number and then stored to the corresponding
40-bit data segment in QACC_H and QACC_L.
At the same time, this instruction forces the lower 1 bit of the access address in register as to 0, loads 16-bit

data from memory, and broadcasts it to the eight 16-bit data segments in register qu. After the access, the value

in register as is incremented by 2.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting consecutive
aligned data stored in the two registers qs@ and gs1 and stores it to qs@. The shift byte is stored in special
register SAR_BYTE.
Operation

1

QACC_LI[ 39:

27°{39}-

QACC_LI 79:

2~{39}-

QACC_L[119:

2~{39}-

QACC_L[159:

27~{39}-

QACC_HI[ 39:

27°{39}-

QACC_HI[ 79:

2~{39}-

QACC_HI[119:

27~{39}-

QACC_HI[159:

27~{39}-

0]
1)
40]
1)
801
1)
1201
1)
0]
1)
40]
1)
801
1)
1201
1)

min(max(QACC_L[ 39:

min(max(QACC_L[ 79:

min(max(QACC_L[119:

min(max(QACC_L[159

min(max(QACC_HI[ 39:

min(max(QACC_H[ 79:

min(max(QACC_H[119:

min(max(QACC_H[159

:120] +

:120] +

qul[127:0] = {8{load16({as[31:1]1,1{0}})}}
as[31:0] + 2

as[31:0]1 =
qs0[127:0]
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= {qgs1[127:0], qs@[127:0]1} >>
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0] +

40] +

801 +

0] +

401 +

801 +

gx[ 15:

gx[ 31:

ax[ 47:

gx[ 63:

gx[ 79:

gx[ 95:

gx[111:

0]

161

321]

48]

641

801

961

gx[127:112]
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qy[ 15:

qy[ 31:

qyl 47:

qy[ 63:

qy[ 79:

qy[ 95:

qyl[111:

qy[127

{SAR_BYTE[3:0] << 3}

el, -2~{39}),

161, -27{39}),

321, -2~{39}),

48], -27{39}),

641, -27{39}),

801, -2~{39}),

961, -2~{39}),

:112], -2~{39}),
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1.8.146 EE.VMULAS.S8.ACCX

Instruction Word
000110100 \ av2] \ 0 \ ay[1:0] \ ax[2:0] \ 11000100

Assembler Syntax

EE.VMULAS.S8.ACCX ax, qy

Description

This instruction divides registers gx and qy into 16 data segments by 8 bits. Then, it performs a signed
multiply-accumulate operation on the 16 sets of segments respectively. The accumulated result is added to the
value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

Operation

1 addo[15:0]
2 add1[15:0]

gx[ 7: 0] xqyl 7: 0]
gx[ 15: 8] * qyl[ 15: 8]

4 add15[15:0] = gx[127:120] * qy[127:120]
5 sum[40:0] = ACCX[39:0] + ad[31:0]1d0[15:0] + ad[31:0]d1[15:0] + ... + ad[31:0]d15[15:0]

7 ACCX[39:0] = min(max(sum[40:0], -2~{39}), 27{39}-1)
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1.8.147 EE.VMULAS.S8.ACCX.LD.IP

Instruction Word
| 1111 [ imm16[5:4] | qui2:1] | ay[0] | 000 | qui0] | 010 | ax(1:0] | ay2:1] | imm16[3:0] | as[3:0] | 111 | ox(2] |

Assembler Syntax

EE.VMULAS.S8.ACCX.LD.IP qu, as, -512..496, gx, qy

Description

This instruction divides registers gx and qy into 16 data segments by 8 bits. Then, it performs a signed
multiply-accumulate operation on the 16 sets of segments respectively. The accumulated result is added to the
value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is
incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

Operation

1 addo[15:0]
2 add1[15:0]

gx[ 7: @] xqyl 7: 0l
gx[ 15: 8] * qyl[ 15: 8]

4 add15[15:0] = gx[127:120] * qy[127:120]
5 sum[40:0] ACCX[39:0] + ad[31:0]1d0[15:0] + ad[31:0]1d1[15:0] + ... + ad[31:01d15[15:0]

7 qul127:0] = load128({as[31:4]1,4{0}})
8 as[31:0] = as[31:0] + {20{imm16([7]},imm16[7:0],4{0}}
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1.8.148 EE.VMULAS.S8.ACCX.LD.IP.QUP

Instruction Word
] 0010 \ imm16[5:4] \ qu[2:1] \ ay[0] \ qs0[2:0] \ qu[o] \ gs1[2:0] \ ax[1:0] \ ay[2:1] \ imm16[3:0] \ as[3:0] \ 111 \ ox[2] \

Assembler Syntax

EE.VMULAS.S8.ACCX.LD.IP.QUP qu, as, imm16, gx, gy, gs0, gs

Description

This instruction divides registers gx and qy into 16 data segments by 8 bits. Then, it performs a signed
multiply-accumulate operation on the 16 sets of segments respectively. The accumulated result is added to the
value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is
incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting consecutive
aligned data stored in the two registers qs@ and gs1 and stores it to qs@. The shift byte is stored in special
register SAR_BYTE.

Operation

1 addo[15:0]
2 add1[15:0]

gx[ 7: @] xqyl 7: 0l
gx[ 15: 8] * qyl[ 15: 8]

4 add15[15:0] = gx[127:120] * qy[127:120]
5 sum[40:0] = ACCX[39:0] + ad[31:0]d0[15:0] + ad[31:0]d1[15:0] + ... + ad[31:0]d15[15:0]

7 qul[127:0] = load128({as[31:4],4{0}})
8 as[31:0] = as[31:0] + {20{imm16[7]},imm16[7:0],4{0}}
9 9s0[127:0] = {qs1[127:0]1, qs@[127:0]} >> {SAR_BYTE[3:0] << 3}
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1.8.149 EE.VMULAS.S8.ACCX.LD.XP

Instruction Word
| 111100 | qui2:1] | ayl0] | 001 | qufo] | 010 | ax{1:0] | ay[2:1] | ad[3:0] | as[3:0] | 111 | ox2] |

Assembler Syntax

EE.VMULAS.S8.ACCX.LD.XP qu, as, ad, gx, qy

Description

This instruction divides registers gx and qy into 16 data segments by 8 bits. Then, it performs a signed
multiply-accumulate operation on the 16 sets of segments respectively. The accumulated result is added to the
value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is
incremented by the value in register ad.

Operation

1 addo[15:0]
2 add1[15:0]

gx[ 7: @] xqyl 7: 0l
gx[ 15: 8] * qyl[ 15: 8]

4 add15[15:0] = gx[127:120] * qy[127:120]
5 sum[40:0] = ACCX[39:0] + ad[31:0]d0[15:0] + ad[31:0]d1[15:0] + ... + ad[31:0]d15[15:0]
6 ACCX[39:0] = min(max(sum[40:0], -2~{39}), 2~{39}-1)

8 qul[127:0] = load128({as[31:4],4{0}})
9 as[31:0] = as[31:0] + ad[31:0]
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1.8.150 EE.VMULAS.S8.ACCX.LD.XP.QUP

Instruction Word
(101110 [ qui2:1] [ ayfol | gs0(2:0] [ qui0] | as112:0] [ ax[1:0] | ayl2:1] [ ad30] [ asi3:0] | 111 [ ax(2] |

Assembler Syntax

EE.VMULAS.S8.ACCX.LD.XP.QUP qu, as, ad, gx, qy, gs0, gs

Description

This instruction divides registers gx and qy into 16 data segments by 8 bits. Then, it performs a signed
multiply-accumulate operation on the 16 sets of segments respectively. The accumulated result is added to the
value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is
incremented by the value in register ad.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting consecutive
aligned data stored in the two registers qs@ and gs1 and stores it to qs@. The shift byte is stored in special
register SAR_BYTE.

Operation

1 addo[15:0]
2 add1[15:0]

gx[ 7: @] xqyl 7: 0l
gx[ 15: 8] * qyl[ 15: 8]

4 add15[15:0] = gx[127:120] * qy[127:120]
5 sum[40:0] = ACCX[39:0] + ad[31:0]d0[15:0] + ad[31:0]d1[15:0] + ... + ad[31:0]d15[15:0]
6 ACCX[39:0] = min(max(sum[40:0], -2~{39}), 27~{39}-1)

8 qu[127:0] = load128({as[31:4],4{0}})
9 as[31:0] = as[31:0] + ad[31:0]
10 9s0[127:0] = {qgs1[127: 0], qs@[127: 0]} >> {SAR_BYTE[3:0] << 3}
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1.8.151

Instruction Word

EE.VMULAS.S8.QACC

000110100 | qyf2] | 1 | ayl1:0] | ax(2:0] | 11000100

Assembler Syntax
EE.VMULAS.S8.QACC gx, qy
Description

This instruction divides registers gx and qy into 16 data segments by 8 bits. Then, the signed multiplication result

of the 16 sets of segments is added to the corresponding 20-bit data segment in special registers QACC_H and

QACC_L respectively. The calculated result is saturated to a 20-bit signed number and then stored to the

corresponding 20-bit data segment in QACC_H and QACC_L.

Operation

1

QACC_L[ 19: 0]
2~{19}-1)
QACC_LI 39: 20]
2~{19}-1)
QACC_L[ 59: 40]
27{19}-1)
QACC_L[ 79: 60]
27{19}-1)
QACC_L[ 99: 80]
2~{19}-1)
QACC_L[119:100]
27{19}-1)
QACC_L[139:120]
27{19}-1)
QACC_L[159:140]
27{19}-1)
QACC_HI 19: o0l
2~{19}-1)
QACC_H[ 39: 20]
27{19}-1)
QACC_H[ 59: 40]
27{19}-1)
QACC_HI[ 79: 60]
2~{19}-1)
QACC_HI 99: 80]
27{19}-1)
QACC_HI[119:100]
27{19}-1)
QACC_H[139:120]
27{19}-1)
QACC_HI[159:140]
2~{19}-1)

Espressif Systems

min(max(QACC_L[ 19:

min(max(QACC_L[ 39:

min(max(QACC_L[ 59:

min(max(QACC_L[ 79:

min(max(QACC_L[ 99:

0] +

20] +

40] +

60] +

801 +

min(max(QACC_L[119:100] +

min(max(QACC_L[139:120] +

min(max(QACC_L[159:140] +

min(max(QACC_H[ 19:

min(max(QACC_HI[ 39:

min(max(QACC_H[ 59:

min(max(QACC_H[ 79:

min(max(QACC_H[ 99:

0] +

20] +

401 +

601 +

80] +

min(max(QACC_H[119:100] +

min(max(QACC_H[139:120] +

min(max(QACC_H[159:140] +

223

ax [

ax [

ax [

ax [

ax [

ax [

ax [

ax [

gx [

ax [

ax [

ax [

gx[103:

7:

15:

23:

31:

39:

47:

55:

63:

71:

79:

87:

95:

0]

81

161]

24]

321]

40]

48]

561

641

72]

801]

881

961

gx[111:104]

gx[119:112]

gx[127:120]
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qy [

ayl

ayl

qy [

qy [

ayl

qy [

qy [

ayl

ayl

qy [

qy[

qy[103:

15:

23:

31:

39:

47:

55:

63:

71:

79:

87:

95:

qy[111

qy[119

qy [127

0]; _2A{19})I

81, -27{19}),
161, -2~{19}),
241, -2~{19}),
32], -2~{19}),
401, -2~{19}),
481, -27~{19}),
561, -2~{19}),
641, -2~{19}),
721, -2~{19}),
gol, -2~{19}),
88], -2~{19}),
961, -2~{19}),
11041, -2~{19}),
11121, -2~{19}),

:120], -2~{19}),
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1.8.152 EE.VMULAS.S8.QACC.LD.IP

Instruction Word

| 1111 | imm16(5:4] | qui2:1] | ay{o] | 000 | quio] [ 011 | ax{1:0] | ay[2:1] | imm16(3:0] | as[3:0] | 111 [ ax(2] |

This instruction divides registers gx and qy into 16 data segments by 8 bits. Then, the signed multiplication result

of the 16 sets of segments is added to the corresponding 20-bit data segment in special registers QACC_H and

QACC_L respectively. The calculated result is saturated to a 20-bit signed number and then stored to the
corresponding 20-bit data segment in QACC_H and QACC_L.
During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the

16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is

incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

Assembler Syntax

EE.VMULAS.S8.QACC.LD.IP qu, as, imm16, gx, qy

Description
Operation

1 QACC_LI 19: ol

27{19}-1)

> QACC_LI[ 39: 20]
2~{19}-1)

s QACC_L[ 59: 40]
2~{19}-1)

4 QACC_L[ 79: 60]
2~{19}-1)

s QACC_L[ 99: 80l
2~{19}-1)

s QACC_L[119:100]
27{19}-1)

; QACC_L[139:120]
2~{19}-1)

e QACC_L[159:140]
2~{19}-1)

o QACC_H[ 19: @]
2~{19}-1)

o QACC_H[ 39: 20]
2~{19}-1)

1 QACC_HI 59: 40]
2~{19}-1)

2 QACC_H[ 79: 60]
2~{19}-1)

s QACC_H[ 99: 80l
2~{19}-1)

w  QACC_H[119:100]
2~{19}-1)

s QACC_H[139:120]
2~{19}-1)

6 QACC_H[159:140]
2~{19}-1)

min(max(QACC_L[ 19: @] +

min(max(QACC_L[ 39:

min(max(QACC_L[ 59:

min(max(QACC_L[ 79:

min(max(QACC_L[ 99:

min(max(QACC_L[119:100] +

min(max(QACC_L[139:120] +

min(max(QACC_L[159:140] +

min(max(QACC_H[ 19: 0] +

min(max(QACC_H[ 39:

min(max(QACC_H[ 59:

min(max(QACC_H[ 79:

min(max(QACC_H[ 99:

min(max(QACC_H[119:100] +

min(max(QACC_H[139:120] +

min(max (QACC_H[159:140] +

18 qu[127:0] = load128({as[31:4],4{0}})
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201 +

40] +

60] +

80] +

201 +

40] +

60] +

801 +

gx[ 7: o]
gx[ 15: 8]
gx[ 23: 16]
gx[ 31: 24]
gx[ 39: 32]
gx[ 47: 40]
gx[ 55: 48]
gx[ 63: 56]
gx[ 71: 64]
agx[ 79: 72]
gx[ 87: 80]
gx[ 95: 88]
gx[103: 96]
aqx[111:104]
gx[119:112]

gx[127:120]
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gyl 7:

qy[ 15:

qy[ 23:

qy[ 31:

qy[ 39:

qyl[ 47:

qy[ 55:

qy[ 63:

qy[ 71:

qyl[ 79:

qyl[ 87:

qy[ 95:

qy[103:

qy[111

qy[119

qy [127

ol,

81,

161,

247,

32],

40],

48],

561,

641,

721,

801,

881,

9],

11041,

:112],

11201,

-2~{19}),

-2~{19}),

-27{19}),

_2A{19})r

-27~{19}),

-2~{19}),

_ZA{lg})r

-27{19}),

-27~{19}),

-2~{19}),

_2A{19})r

-2~{19}),

-2~{19}),

_2A{19})r

-27{19}),

-27~{19}),
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19 as[31:0] = as[31:0] + {22{imm16[5]},imm16[5:0],4{0}}
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1.8.153 EE.VMULAS.S8.QACC.LD.IP.QUP

Instruction Word
] 0011 \ imm16[5:4] \ qu[2:1] \ ay[0] \ qs0[2:0] \ qu[o] \ gs1[2:0] \ ax[1:0] \ ay[2:1] \ imm16[3:0] \ as[3:0] \ 111 \ ox[2] \

Assembler Syntax

EE.VMULAS.S8.QACC.LD.IP.QUP qu, as, imm186, gx, qy, gs0, gs1
Description

This instruction divides registers gx and qy into 16 data segments by 8 bits. Then, the signed multiplication result

of the 16 sets of segments is added to the corresponding 20-bit data segment in special registers QACC_H and

QACC_L respectively. The calculated result is saturated to a 20-bit signed number and then stored to the

corresponding 20-bit data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the

16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is

incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting the two
registers qs@ and gs1 that store consecutive aligned data and stores it to qs@. The shift byte is stored in special
register SAR_BYTE.

Operation

1 QACC_L[ 19: 0] min(max(QACC_L[ 19: @] + gx[ 7: 0] gyl 7: eol, -2~{19}),
2~{19}-1)

2 QACC_L[ 39: 20] min(max(QACC_L[ 39: 20] + gx[ 15: 8] gyl 15: 81, -2~{19}),
2~{19}-1)

s QACC_LI 59: 40] = min(max(QACC_L[ 59: 401 + gx[ 23: 16] % qy[ 23: 161, -2~{19}),
2~{19}-1)

4 QACC_L[ 79: 60] = min(max(QACC_L[ 79: 60] + gx[ 31: 24] x qy[ 31: 24], -2~{19}),
2~{19}-1)

5 QACC_LI[ 99: 80] min(max(QACC_L[ 99: 80] + gx[ 39: 32] gyl 39: 321, -2~{19}),
2~{19}-1)

6 QACC_L[119:100] min(max(QACC_L[119:100] + gx[ 47: 40] qyl 47: 40], -27~{19}),
2~{19}-1)

; QACC_LI[139:120] = min(max(QACC_L[139:120] + qx[ 55: 48] % qyl[ 55: 48], -2~{19}),
2~{19}-1)

8 QACC_L[159:140] = min(max(QACC_L[159:140] + gx[ 63: 56] * qy[ 63: 56], -2~{19}),
2~{19}-1)

9 QACC_HI[ 19: o] min(max(QACC_H[ 19: @] + gx[ 71: 64] qyl 71: 64], -2~{19}),
2~{19}-1)

10 QACC_HI[ 39: 20] min(max(QACC_H[ 39: 20] + gx[ 79: 72] gyl 79: 721, -2~{19}),
2~{19}-1)

11 QACC_HI 59: 40] = min(max(QACC_H[ 59: 4@] + gx[ 87: 80] x qy[ 87: 80], -2~{19}),
2~{19}-1)

2 QACC_HI[ 79: 60] min(max(QACC_H[ 79: 60] + gx[ 95: 88] gyl 95: 881, -27{19}),
2~{19}-1)

13 QACC_HI[ 99: 80l min(max(QACC_H[ 99: 80] + gx[103: 96] gy[103: 96], -2~{19}),
2~{19}-1)

14 QACC_H[119:100] min(max(QACC_H[119:100] + gx[111:104] qy[111:104]1, -2~{19}),
2~{19}-1)

15 QACC_H[139:120] min(max(QACC_H[139:120] + gx[119:112] gy[119:112], -2~{19}),
2~{19}-1)
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16 QACC_H[159:140] = min(max(QACC_H[159:140] + qgx[127:120] * qy[127:120], -2~{19}),
27{19}-1)

18 qu[127:0] = load128({as[31:4],4{0}})
19 as[31:0] = as[31:0] + {22{imm16[5]},imm16[5:0],4{0}}
20 qs0[127:0] = {qgs1[127:0], qs@[127:0]} >> {SAR_BYTE[3:0] << 3}
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1.8.154 EE.VMULAS.S8.QACC.LD.XP

Instruction Word

| 111100 | qui2:1] | ayl0] | 001 | quio] | 011 | ax{1:0] | ay[2:1] | ad[3:0] | as[3:0] | 111 | ox2] |

Assembler Syntax
EE.VMULAS.S8.QACC.LD.XP qu, as, ad, gx, qy
Description

This instruction divides registers gx and qy into 16 data segments by 8 bits. Then, the signed multiplication result

of the 16 sets of segments is added to the corresponding 20-bit data segment in special registers QACC_H and

QACC_L respectively. The calculated result is saturated to a 20-bit signed number and then stored to the

corresponding 20-bit data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the

16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is

incremented by the value in register ad.

Operation

1

QACC_LI 19: ol
27{19}-1)
QACC_L[ 39: 20]
27{19}-1)
QACC_LI 59: 40]
27{19}-1)
QACC_LI[ 79: 601
27{19}-1)
QACC_L[ 99: 80]
27{19}-1)
QACC_L[119:100]
2~{19}-1)
QACC_L[139:120]
2~{19}-1)
QACC_L[159:140]
27{19}-1)
QACC_H[ 19: 0]
27{19}-1)
QACC_HI 39: 20]
2~{19}-1)
QACC_H[ 59: 40]
27{19}-1)
QACC_H[ 79: 60]
27{19}-1)
QACC_H[ 99: 80]
2~{19}-1)
QACC_HI[119:100]
27{19}-1)
QACC_H[139:120]
27{19}-1)
QACC_H[159:140]
27{19}-1)

Espressif Systems

min(max(QACC_L[ 19:

min(max(QACC_L[ 39:

min(max(QACC_L[ 59:

min(max(QACC_L[ 79:

min(max(QACC_L[ 99:

min(max(QACC_L[119

min(max(QACC_L[139

min(max(QACC_L[159

min(max(QACC_H[ 19:

min(max(QACC_H[ 39:

min(max(QACC_HI[ 59:

min(max(QACC_H[ 79:

min(max(QACC_H[ 99

min(max(QACC_H[119

min(max(QACC_H[139

min(max(QACC_H[159

:100] +

:120] +

11401 +

: 801 +

:100] +

:120] +

11401 +

228

0] +

201 +

40] +

60] +

80] +

0] +

20] +

40] +

60] +

ax [

ax [

ax [

ax [

ax [

ax [

ax [

ax [

ax [

gx [

ax [

ax [

gx[103:

7:

15:

23:

31:

39:

47:

55:

63:

71:

79:

87:

95:

0]

8]

161

24]

32]

40]

48]

561

64]

721

80]

881

961

gx[111:104]

gx[119:112]

gx[127:120]
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qy [

qy [

ayl

ayl

qy [

qy[

ayl

qy [

qy [

ayl

ayl

qy [

qy[103:

7:

15:

23:

31:

39:

47:

55:

63:

71:

79:

87:

95:

qy[111

qy[119

qy [127

0], -2~{19}),

81, —2~{19}),
161, -2~{19}),
241, -2~{19}),
321, -2~{19}),
401, -2~{19}),
48], -2~{19}),
561, -2~{19}),
641, -27{19}),
721, -2~{19}),
gol, -2~{19}),
881, -2~{19}),
96], -2~{19}),
:104], -2~{19}),
11121, -2~{19}),

11201, -2~{19}),

ESP32-S3 TRM (Version 1.2)
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18 qu[127:0] = load128({as[31:4],4{0}})
19 as[31:0] = as[31:0] + ad[31:0]
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1.8.155 EE.VMULAS.S8.QACC.LD.XP.QUP

Instruction Word

[ 101111 | quiz:t] | aylo] | as0i2:0) [ quiol | asti2:0] [ axi1:0] | ayi2:1] | adi3:0] | asia:0] [ 111 | axi2] |

Assembler Syntax
EE.VMULAS.S8.QACC.LD.XP.QUP qu, as, ad, gx, qy, gs0, gs1
Description

This instruction divides registers gx and qy into 16 data segments by 8 bits. Then, the signed multiplication result

of the 16 sets of segments is added to the corresponding 20-bit data segment in special registers QACC_H and

QACC_L respectively. The calculated result is saturated to a 20-bit signed number and then stored to the

corresponding 20-bit data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the

16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is

incremented by the value in register ad.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting consecutive
aligned data stored in the two registers qs@ and gs1 and stores it to qs@. The shift byte is stored in special
register SAR_BYTE.
Operation

1

QACC_L[ 19: 0]
2~{19}-1)
QACC_L[ 39: 20]
2~{19}-1)
QACC_L[ 59: 40]
2~{19}-1)
QACC_L[ 79: 60]
2~{19}-1)
QACC_L[ 99: 80]
2~{19}-1)
QACC_L[119:100]
2~{19}-1)
QACC_L[139:120]
2~{19}-1)
QACC_L[159:140]
2~{19}-1)
QACC_H[ 19: 0]
2~{19}-1)
QACC_H[ 39: 20]
2~{19}-1)
QACC_H[ 59: 40]
2~{19}-1)
QACC_H[ 79: 60]
2~{19}-1)
QACC_H[ 99: 80]
2~{19}-1)
QACC_H[119:100]
2~{19}-1)
QACC_H[139:120]
2~{19}-1)
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min(max(QACC_L[ 19:

min(max(QACC_L[ 39:

min(max(QACC_L[ 59:

min(max(QACC_L[ 79:

min(max(QACC_L[ 99:

min(max(QACC_L[119

min(max(QACC_L[139

min(max(QACC_L[159

min(max(QACC_H[ 19:

min(max(QACC_H[ 39:

min(max(QACC_H[ 59:

min(max (QACC_H[ 79:

min(max(QACC_H[ 99:

min(max(QACC_H[119

min(max(QACC_H[139

11001 +

11201 +

:140] +

11001 +

:120] +

230

0] +

20] +

40] +

60] +

80] +

0] +

201 +

40] +

60] +

80] +

ax [

ax [

ax [

ax [

gx [

ax [

ax [

ax [

ax [

ax [

gx [

ax [

gx[103:

7:

15:

23:

31:

39:

a47:

55:

63:

71:

79:

87:

95:

0]

8]

16]

24]

32]

40]

48]

561

64]

72]

801

88]

961]

gx[111:104]

gx[119:112]
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ayl

qy [

qy [

ayl

ayl

qy [

qy[

ayl

qy [

qy [

ayl

ayl

qy[103:

1158

23:

31:

39:

47:

55:

63:

71:

79:

87:

95:

qy[111

qy[119

0] ’ _2,\{19}) ’

81, -27{19}),
161, -2~{19}),
24], -2~{19}),
321, -2~{19}),
401, -2~{19}),
481, -2~{19}),
561, -2~{19}),
641, -2~{19}),
721, -2~{19}),
gol, -2~{19}),
88], -2~{19}),
961, -2~{19}),
11041, -2~{19}),

11121, -27~{19}),

ESP32-S3 TRM (Version 1.2)
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16 QACC_H[159:140] = min(max(QACC_H[159:140] + qgx[127:120] * qy[127:120], -2~{19}),
2~{19}-1)

18 qu[127:0] = load128({as[31:4],4{0}})
19 as[31:0] = as[31:0] + ad[31:0]
20 qs0[127:0] = {qgs1[127:0], qs@[127:0]} >> {SAR_BYTE[3:0] << 3}
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1.8.156 EE.VMULAS.S8.QACC.LDBC.INCP

Instruction Word

1101 | qui2) | 0111 | qu[t] | ayl2] | qui0] | ay[1:0] | ax(2:0] | as[3:0] | 0100 |

Assembler Syntax
EE.VMULAS.S8.QACC.LDBC.INCP qu, as, gx, qy
Description

This instruction divides registers gx and qy into 16 data segments by 8 bits. Then, the signed multiplication result

of the 16 sets of segments is added to the corresponding 20-bit data segment in special registers QACC_H and

QACC_L respectively. The calculated result is saturated to a 20-bit signed number and then stored to the

corresponding 20-bit data segment in QACC_H and QACC_L.

At the same time, this instruction loads 8-bit data from memory at the address given by the access register as

and broadcasts it to the 16 8-bit data segments in register qu. After the access, the value in register as is

incremented by 1.

Operation

1

QACC_LI 19: ol
27{19}-1)
QACC_L[ 39: 20]
27{19}-1)
QACC_LI 59: 40]
27{19}-1)
QACC_LI[ 79: 601
27{19}-1)
QACC_L[ 99: 80]
27{19}-1)
QACC_L[119:100]
2~{19}-1)
QACC_L[139:120]
2~{19}-1)
QACC_L[159:140]
27{19}-1)
QACC_H[ 19: 0]
27{19}-1)
QACC_HI 39: 20]
2~{19}-1)
QACC_H[ 59: 40]
27{19}-1)
QACC_H[ 79: 60]
27{19}-1)
QACC_H[ 99: 80]
2~{19}-1)
QACC_HI[119:100]
27{19}-1)
QACC_H[139:120]
27{19}-1)
QACC_H[159:140]
27{19}-1)
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min(max(QACC_L[ 19:

min(max(QACC_L[ 39:

min(max(QACC_L[ 59:

min(max(QACC_L[ 79:

min(max(QACC_L[ 99:

min(max(QACC_L[119

min(max(QACC_L[139

min(max(QACC_L[159

min(max(QACC_H[ 19:

min(max(QACC_H[ 39:

min(max(QACC_HI[ 59:

min(max(QACC_H[ 79:

min(max(QACC_H[ 99

min(max(QACC_H[119

min(max(QACC_H[139

min(max(QACC_H[159

:100] +

:120] +

11401 +

: 801 +

:100] +

:120] +

11401 +

232

0] +

201 +

40] +

60] +

80] +

0] +

20] +

40] +

60] +

ax [

ax [

ax [

ax [

ax [

ax [

ax [

ax [

ax [

gx [

ax [

ax [

gx[103:

7:

15:

23:

31:

39:

47:

55:

63:

71:

79:

87:

95:

0]

8]

161

24]

32]

40]

48]

561

64]

721

80]

881

961

gx[111:104]

gx[119:112]

gx[127:120]
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qy [

qy [

ayl

ayl

qy [

qy[

ayl

qy [

qy [

ayl

ayl

qy [

qy[103:

7:

15:

23:

31:

39:

47:

55:

63:

71:

79:

87:

95:

qy[111

qy[119

qy [127

0], -2~{19}),

81, —2~{19}),
161, -2~{19}),
241, -2~{19}),
321, -2~{19}),
401, -2~{19}),
48], -2~{19}),
561, -2~{19}),
641, -27{19}),
721, -2~{19}),
gol, -2~{19}),
881, -2~{19}),
96], -2~{19}),
:104], -2~{19}),
11121, -2~{19}),

11201, -2~{19}),

ESP32-S3 TRM (Version 1.2)
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18 qul[127:0] = {16{lo0ad8(as[31:0])}}
19 as[31:0] = as[31:0] + 1

Espressif Systems 233 ESP32-S3 TRM (Version 1.2)
Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.2

1

Processor Instruction Extensions (PIE)

GoBack

1.8.157 EE.VMULAS.S8.QACC.LDBC.INCP.QUP

Instruction Word

| 111000 | qui2:1] | ayl0] | gs0[2:0] | qulO] | as12:0] | ax(1:0] | ay2:1] | 1001 | as[3:0] | 111 | ax[2] |

Assembler Syntax

EE.VMULAS.S8.QACC.LDBC.INCP.QUP qu, as, gx, qy, gs0, gs1

Description

This instruction divides registers gx and qy into 16 data segments by 8 bits. Then, the signed multiplication result

of the 16 sets of segments is added to the corresponding 20-bit data segment in special registers QACC_H and

QACC_L respectively. The calculated result is saturated to a 20-bit signed number and then stored to the

corresponding 20-bit data segment in QACC_H and QACC_L.

At the same time, this instruction loads 8-bit data from memory at the address given by the access register as

and broadcasts it to the 16 8-bit data segments in register qu. After the access, the value in register as is

incremented by 1.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting consecutive
aligned data stored in the two registers qs@ and gs1 and stores it to qs@. The shift byte is stored in special
register SAR_BYTE.
Operation

1

QACC_L[ 19: 0]
2~{19}-1)
QACC_L[ 39: 20]
2~{19}-1)
QACC_L[ 59: 40]
2~{19}-1)
QACC_L[ 79: 60]
2~{19}-1)
QACC_L[ 99: 80]
2~{19}-1)
QACC_L[119:100]
2~{19}-1)
QACC_L[139:120]
2~{19}-1)
QACC_L[159:140]
2~{19}-1)
QACC_H[ 19: 0]
2~{19}-1)
QACC_H[ 39: 20]
2~{19}-1)
QACC_H[ 59: 40]
2~{19}-1)
QACC_H[ 79: 60]
2~{19}-1)
QACC_H[ 99: 80]
2~{19}-1)
QACC_H[119:100]
2~{19}-1)
QACC_H[139:120]
2~{19}-1)

Espressif Systems

min(max(QACC_L[ 19:

min(max(QACC_L[ 39:

min(max(QACC_L[ 59:

min(max(QACC_L[ 79:

min(max(QACC_L[ 99:

min(max(QACC_L[119

min(max(QACC_L[139

min(max(QACC_L[159

min(max(QACC_H[ 19:

min(max(QACC_H[ 39:

min(max(QACC_H[ 59:

min(max (QACC_H[ 79:

min(max(QACC_H[ 99:

min(max(QACC_H[119

min(max(QACC_H[139

11001 +

11201 +

:140] +

11001 +

:120] +

234

0] +

20] +

40] +

60] +

80] +

0] +

201 +

40] +

60] +

80] +

ax [

ax [

ax [

ax [

gx [

ax [

ax [

ax [

ax [

ax [

gx [

ax [

gx[103:

7:

15:

23:

31:

39:

a47:

55:

63:

71:

79:

87:

95:

0]

8]

16]

24]

32]

40]

48]

561

64]

72]

801

88]

961]

gx[111:104]

gx[119:112]

Submit Documentation Feedback

ayl

qy [

qy [

ayl

ayl

qy [

qy[

ayl

qy [

qy [

ayl

ayl

qy[103:

1158

23:

31:

39:

47:

55:

63:

71:

79:

87:

95:

qy[111

qy[119

0] ’ _2,\{19}) ’

81, -27{19}),
161, -2~{19}),
24], -2~{19}),
321, -2~{19}),
401, -2~{19}),
481, -2~{19}),
561, -2~{19}),
641, -2~{19}),
721, -2~{19}),
gol, -2~{19}),
88], -2~{19}),
961, -2~{19}),
11041, -2~{19}),

11121, -27~{19}),

ESP32-S3 TRM (Version 1.2)
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16 QACC_H[159:140] = min(max(QACC_H[159:140] + qgx[127:120] * qy[127:120], -2~{19}),
2~{19}-1)

18 qul[127:0] = {16{load8(as[31:0])}}
19 as[31:0] = as[31:0] + 1
20 qs0[127:0] = {qgs1[127:0], qs@[127:0]} >> {SAR_BYTE[3:0] << 3}
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1.8.158 EE.VMULAS.U16.ACCX

Instruction Word
000010100 \ av2] \ 0 \ ay[1:0] \ ax[2:0] \ 10000100

Assembler Syntax

EE.VMULAS.U16.ACCX gx, qy

Description

This instruction divides registers gx and qy into 8 data segments by 16 bits. Then, it performs an unsigned
multiply-accumulate operation on the 8 sets of segments respectively. The accumulated result is added to the
value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

Operation

1 adde[31:0]
2 add1[31:0]

gx[ 15: @] * qyl[ 15: 0]
gx[ 31: 16] * qy[ 31: 16]

4 add7[31:0] = gx[127:112] * qy[127:112]
5 sum[40:0] = ACCX[39:0] + ad[31:0]d0[31:0] + ad[31:0]1d1[31:0] + ... + ad[31:0]1d7[31:0]

7 ACCX[39:0] = min(max(sum[40:0], @), 2~{40}-1)
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1.8.159 EE.VMULAS.U16.ACCX.LD.IP

Instruction Word
| 1111 [ imm16[5:4] | qui2:1] | ay[o] | 000 | quio] | 100 | ax(1:0] | ay2:1] | imm16[3:0] | as[3:0] | 111 | ox(2] |

Assembler Syntax

EE.VMULAS.U16.ACCX.LD.IP qu, as, -512..496, gx, qy

Description

This instruction divides registers gx and qy into 8 data segments by 16 bits. Then, it performs an unsigned
multiply-accumulate operation on the 8 sets of segments respectively. The accumulated result is added to the
value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is
incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

Operation

1 addo[31:0]
2 add1[31:0]

gx[ 15: @] * qyl[ 15: 0]
gx[ 31: 16] * qy[ 31: 16]

4 add7[31:0] = qgx[127:112] * qy[127:112]
5 sum[40:0] = ACCX[39:0] + ad[31:0]1d0[31:0] + ad[31:0]1d1[31:0] + ... + ad[31:0]d7[31:0]
6 ACCX[40:0] = min(max(sum[40:0]1, @), 2~{40}-1)

8 qu[127:0] = load128({as[31:4],4{0}})
9 as[31:0] = as[31:0] + {20{imm16[71},imm16[7:0]1,4{0}}
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1.8.160 EE.VMULAS.U16.ACCX.LD.IP.QUP

Instruction Word
] 0100 \ imm16[5:4] \ qu[2:1] \ ay[0] \ qs0[2:0] \ qu[o] \ gs1[2:0] \ ax[1:0] \ ay[2:1] \ imm16[3:0] \ as[3:0] \ 111 \ ox[2] \

Assembler Syntax

EE.VMULAS.U16.ACCX.LD.IP.QUP qu, as, imm186, gx, qy, gs0, gs

Description

This instruction divides registers gx and qy into 8 data segments by 16 bits. Then, it performs a signed
multiply-accumulate operation on the 8 sets of segments respectively. The accumulated result is added to the
value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is
incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting consecutive
aligned data stored in the two registers qs@ and gs1 and stores it to qs@. The shift byte is stored in special
register SAR_BYTE.

Operation

1 addo[31:0]
2 add1[31:0]

gx[ 15: @] % qy[ 15: 0]
gx[ 31: 16] * qy[ 31: 16]

4 add7[31:0] = gx[127:112] * qy[127:112]
5 sum[40:0] = ACCX[39:0] + ad[31:0]d0[31:0] + ad[31:0]d1[31:0] + ... + ad[31:0]d7[31:0]
6 ACCX[40:0] = min(max(sum[40:0]1, @), 2~{40}-1)

8 qu[127:0] = load128({as[31:4],4{0}})
9 as[31:0] = as[31:0] + {20{imm16([71},imm16[7:0]1,4{0}}
10 qs0[127:0] = {qgs1[127:0], qs@[127:0]} >> {SAR_BYTE[3:0] << 3}
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1.8.161 EE.VMULAS.U16.ACCX.LD.XP

Instruction Word
| 111100 | qui2:1] | ayl0] | 001 | quio] | 100 | ax{1:0] | ay[2:1] | ad[3:0] | as[3:0] | 111 | ox2] |

Assembler Syntax

EE.VMULAS.U16.ACCX.LD.XP qu, as, ad, gx, qy

Description

This instruction divides registers gx and qy into 8 data segments by 16 bits. Then, it performs an unsigned
multiply-accumulate operation on the 8 sets of segments respectively. The accumulated result is added to the
value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is
incremented by the value in register ad.

Operation

1 addo[31:0]
2 add1[31:0]

gx[ 15: @] * qyl[ 15: 0]
gx[ 31: 16] * qy[ 31: 16]

4 add7[31:0] = qgx[127:112] * qy[127:112]
5 sum[40:0] = ACCX[39:0] + ad[31:0]1d0[31:0] + ad[31:0]1d1[31:0] + ... + ad[31:0]d7[31:0]
6 ACCX[40:0] = min(max(sum[40:0]1, @), 2~{40}-1)

8 qul[127:0] = load128({as[31:4],4{0}})
9 as[31:0] = as[31:0] + ad[31:0]
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1.8.162 EE.VMULAS.U16.ACCX.LD.XP.QUP

Instruction Word
| 110000 | qui2:1] | ayl0] | gs0[2:0] | qul0] | as12:0] | ax(1:0] | ay2:1] | ad[3:0] | as[3:0] | 111 | ax[2] |

Assembler Syntax

EE.VMULAS.U16.ACCX.LD.XP.QUP qu, as, ad, gx, qy, gs0, gs1

Description

This instruction divides registers gx and qy into 8 data segments by 16 bits. Then, it performs an unsigned
multiply-accumulate operation on the 8 sets of segments respectively. The accumulated result is added to the
value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is
incremented by the value in register ad.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting consecutive
aligned data stored in the two registers qs@ and gs1 and stores it to qs@. The shift byte is stored in special
register SAR_BYTE.

Operation

1 addo[31:0] = gx[ 15: 0] * qy[ 15: 0]
2 add1[31:0] = gx[ 31: 16] * qy[ 31: 16]

4 add7[31:0] = gx[127:112] * qy[127:112]
5 sum[40:0] = ACCX[39:0] + ad[31:0]d0[31:0] + ad[31:0]d1[31:0] + ... + ad[31:0]d7[31:0]
6 ACCX[40:0] = min(max(sum[40:0]1, @), 2~{40}-1)

8 qu[127:0] = load128({as[31:4],4{0}})
9 as[31:0] = as[31:0] + ad[31:0]
10 gqs0[127:0] = {qs1[127:0], qs0[127:0]} >> {SAR_BYTE[3:0] << 3}
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1.8.163 EE.VMULAS.U16.QACC

Instruction Word

000010100 | qyf2] | 1 | ayl1:0] | ax(2:0] | 10000100

Assembler Syntax

EE.VMULAS.U16.QACC gx, ay

Description

This instruction divides registers gx and qy into 8 data segments by 16 bits. Then, the unsigned multiplication

result of the 8 sets of segments is added to the corresponding 40-bit data segment in special registers QACC_H
and QACC_L respectively. The calculated result is saturated to a 40-bit unsigned number and then stored to the
corresponding 40-bit data segment in QACC_H and QACC_L.

Operation

1 QACC_L[ 39: 0]
2 QACC_LI 79: 40l

4 QACC_L[159:120]
5 QACC_H[ 39: 0]
6 QACC_HI 79: 40]

8 QACC_HI[159:120]
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1.8.164 EE.VMULAS.U16.QACC.LD.IP

Instruction Word
| 1111 [ imm16[5:4] | qui2:1] | ay[o] | 000 | quio] | 101 | ax(1:0] | ay2:1] | imm16[3:0] | as[3:0] | 111 | ox(2] |

Assembler Syntax

EE.VMULAS.U16.QACC.LD.IP qu, as, imm16, gx, qy

Description

This instruction divides registers gx and qy into 8 data segments by 16 bits. Then, the unsigned multiplication
result of the 8 sets of segments is added to the corresponding 40-bit data segment in special registers QACC_H
and QACC_L respectively. The calculated result is saturated to a 40-bit unsigned number and then stored to the
corresponding 40-bit data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is
incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

Operation
1 QACC_L[ 39: 0] = min(QACC_L[ 39: @] + gx[ 15: @] % qy[ 15: @], 2~{40}-1)
2 QACC_L[ 79: 40] = min(QACC_L[ 79: 40] + gx[ 31: 16] * qy[ 31: 161, 2~{40}-1)
3 naw
4 QACC_L[159:120] = min(QACC_L[159:120] + gx[ 63: 48] *x qy[ 63: 48], 27{40}-1)
5 QACC_HI[ 39: @] = min(QACC_HI[ 39: @] + gx[ 79: 64] *x qy[ 79: 64], 2~{40}-1)
6 QACC_H[ 79: 40] = min(QACC_H[ 79: 40] + gx[ 95: 80] * qy[ 95: 80], 2~{40}-1)

8 QACC_HI[159:120]

+

min(QACC_H[159:120] + qx[127:112]

*

qy[127:112]1, 2~{40}-1)

10 qul127:0] = load128({as[31:4]1,4{0}})
1 as[31:0] = as[31:0] + {22{imm16[5]},imm16[5:0],4{0}}
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1.8.165 EE.VMULAS.U16.QACC.LD.IP.QUP

Instruction Word
] 0101 \ imm16[5:4] \ qu[2:1] \ ay[0] \ qs0[2:0] \ qu[o] \ gs1[2:0] \ ax[1:0] \ ay[2:1] \ imm16[3:0] \ as[3:0] \ 111 \ ox[2] \

Assembler Syntax

EE.VMULAS.U16.QACC.LD.IP.QUP qu, as, imm16, gx, qy, gs0, gsT

Description

This instruction divides registers gx and qy into 8 data segments by 16 bits. Then, the unsigned multiplication
result of the 8 sets of segments is added to the corresponding 40-bit data segment in special registers QACC_H
and QACC_L respectively. The calculated result is saturated to a 40-bit unsigned number and then stored to the
corresponding 40-bit data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is
incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting consecutive
aligned data stored in the two registers qs@ and gs1 and stores it to qs@. The shift byte is stored in special
register SAR_BYTE.

Operation

1 QACC_LI[ 39: @] = min(QACC_LI 39: 0l
2 QACC_LI[ 79: 40] = min(QACC_LI[ 79: 40]

+

gx[ 15: @] % qy[ 15: 0], 2~{40}-1)
gx[ 31: 16] * qy[ 31: 161, 2~{40}-1)

+

4 QACC_L[159:120] = min(QACC_L[159:120]
5 QACC_HI[ 39: @] = min(QACC_HI[ 39: 0]
6 QACC_HI[ 79: 40] = min(QACC_HI[ 79: 40]

+

ax[ 63: 48] x qy[ 63: 48], 2~{40}-1)
qx[ 79: 64] % qy[ 79: 641, 2~{40}-1)
gx[ 95: 80] * qy[ 95: 801, 2~{40}-1)

+

+

+

8 QACC_H[159:120] = min(QACC_H[159:120] gx[127:112] * qy[127:112]1, 2~{40}-1)
10 qul127:0] = load128({as[31:4]1,4{0}})

1 as[31:0] = as[31:0] + {22{imm16[5]},imm16[5:0],4{0}}

12 gs0[127:0] = {qs1[127:0]1, qs0[127:0]} >> {SAR_BYTE[3:0] << 3}
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1.8.166 EE.VMULAS.U16.QACC.LD.XP

Instruction Word
| 111100 | qui2:1] | ayl0] | 001 | quio] | 101 | ax{1:0] | ay[2:1] | ad[3:0] | as[3:0] | 111 | ox2] |

Assembler Syntax

EE.VMULAS.U16.QACC.LD.XP qu, as, ad, gx, qy

Description

This instruction divides registers gx and qy into 8 data segments by 16 bits. Then, the unsigned multiplication
result of the 8 sets of segments is added to the corresponding 40-bit data segment in special registers QACC_H
and QACC_L respectively. The calculated result is saturated to a 40-bit unsigned number and then stored to the
corresponding 40-bit data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is
incremented by the value in register ad.

Operation
1 QACC_L[ 39: 0] = min(QACC_L[ 39: @] + gx[ 15: @] % qy[ 15: @], 2~{40}-1)
2 QACC_L[ 79: 40] = min(QACC_L[ 79: 40] + gx[ 31: 16] * qy[ 31: 161, 2~{40}-1)
3 naw
4 QACC_L[159:120] = min(QACC_L[159:120] + gx[ 63: 48] *x qy[ 63: 48], 27{40}-1)
5 QACC_HI[ 39: @] = min(QACC_HI[ 39: @] + gx[ 79: 64] *x qy[ 79: 64], 2~{40}-1)
6 QACC_H[ 79: 40] = min(QACC_H[ 79: 40] + gx[ 95: 80] * qy[ 95: 80], 2~{40}-1)

8 QACC_HI[159:120]

+

min(QACC_H[159:120] + qx[127:112]

*

qy[127:112]1, 2~{40}-1)

10 qul127:0] = load128({as[31:4]1,4{0}})
1 as[31:0] = as[31:0] + ad[31:0]
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1.8.167 EE.VMULAS.U16.QACC.LD.XP.QUP

Instruction Word
| 110001 | qui2:1] | ayl0] | gs0[2:0] | qul0] | as12:0] | ax(1:0] | ay2:1] | ad[3:0] | as[3:0] | 111 | ax[2] |

Assembler Syntax

EE.VMULAS.U16.QACC.LD.XP.QUP qu, as, ad, gx, qy, gs0, gs1

Description

This instruction divides registers gx and qy into 8 data segments by 16 bits. Then, the unsigned multiplication
result of the 8 sets of segments is added to the corresponding 40-bit data segment in special registers QACC_H
and QACC_L respectively. The calculated result is saturated to a 40-bit unsigned number and then stored to the
corresponding 40-bit data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is
incremented by the value in register ad.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting consecutive
aligned data stored in the two registers qs@ and gs1 and stores it to qs@. The shift byte is stored in special
register SAR_BYTE.

Operation

1 QACC_LI[ 39: @] = min(QACC_LI 39: 0l
2 QACC_LI[ 79: 40] = min(QACC_LI[ 79: 40]

+

gx[ 15: @] % qy[ 15: 0], 2~{40}-1)
gx[ 31: 16] * qy[ 31: 161, 2~{40}-1)

+

4 QACC_L[159:120] = min(QACC_L[159:120]
5 QACC_HI[ 39: @] = min(QACC_HI[ 39: 0]
6 QACC_HI[ 79: 40] = min(QACC_HI[ 79: 40]

+

ax[ 63: 48] x qy[ 63: 48], 2~{40}-1)
qx[ 79: 64] % qy[ 79: 641, 2~{40}-1)
gx[ 95: 80] * qy[ 95: 801, 2~{40}-1)

+

+

+

8 QACC_H[159:120] = min(QACC_H[159:120] gx[127:112] * qy[127:112]1, 2~{40}-1)
10 qul127:0] = load128({as[31:4]1,4{0}})

1 as[31:0] = as[31:0] + ad[31:0]

12 gs0[127:0] = {qs1[127:0]1, qs0[127:0]} >> {SAR_BYTE[3:0] << 3}
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1.8.168 EE.VMULAS.U16.QACC.LDBC.INCP

Instruction Word
[ 110 | qui2) | 0111 | qu[t] | ay[2] | qui0] | ay[1:0] | ax(2:0] | as[3:0] | 0100 |

Assembler Syntax

EE.VMULAS.U16.QACC.LDBC.INCP qu, as, gx, ay

Description

This instruction divides registers gx and qy into 8 data segments by 16 bits. Then, the unsigned multiplication
result of the 8 sets of segments is added to the corresponding 40-bit data segment in special registers QACC_H
and QACC_L respectively. The calculated result is saturated to a 40-bit unsigned number and then stored to the
corresponding 40-bit data segment in QACC_H and QACC_L.

At the same time, this instruction forces the lower 1 bit of the access address in register as to O, loads 16-bit
data from memory, and broadcasts it to the eight 16-bit data segments in register qu. After the access, the value
in register as is incremented by 2.

Operation
1 QACC_L[ 39: 0] = min(QACC_L[ 39: @] + gx[ 15: @] % qy[ 15: @], 2~{40}-1)
2 QACC_L[ 79: 40] = min(QACC_L[ 79: 40] + gx[ 31: 16] * qy[ 31: 161, 2~{40}-1)
3 naw
4 QACC_L[159:120] = min(QACC_L[159:120] + gx[ 63: 48] *x qy[ 63: 48], 27{40}-1)
5 QACC_HI[ 39: @] = min(QACC_HI[ 39: @] + gx[ 79: 64] *x qy[ 79: 64], 2~{40}-1)
6 QACC_H[ 79: 40] = min(QACC_H[ 79: 40] + gx[ 95: 80] * qy[ 95: 80], 2~{40}-1)

8 QACC_HI[159:120]

min(QACC_H[159:120] + gx[127:112]

*

qy[127:112]1, 2~{40}-1)

10 qul127:0] = {8{load16({as[31:1]1,1{0}})}}
1 as[31:0] = as[31:0] + 2
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1.8.169 EE.VMULAS.U16.QACC.LDBC.INCP.QUP

Instruction Word
| 111000 | qui2:1] | ayl0] | gs0[2:0] | qulO] | as12:0] | ax(1:0] | ay2:1] | 1010 | as[3:0] | 111 | ax[2] |

Assembler Syntax

EE.VMULAS.U16.QACC.LDBC.INCP.QUP qu, as, gx, qy, 9s0, gsT

Description

This instruction divides registers gx and qy into 8 data segments by 16 bits. Then, the unsigned multiplication
result of the 8 sets of segments is added to the corresponding 40-bit data segment in special registers QACC_H
and QACC_L respectively. The calculated result is saturated to a 40-bit unsigned number and then stored to the
corresponding 40-bit data segment in QACC_H and QACC_L.

At the same time, this instruction forces the lower 1 bit of the access address in register as to O, loads 16-bit
data from memory, and broadcasts it to the eight 16-bit data segments in register qu. After the access, the value
in register as is incremented by 2.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting consecutive
aligned data stored in the two registers qs@ and gs1 and stores it to qs@. The shift byte is stored in special
register SAR_BYTE.

Operation

1 QACC_LI[ 39: @] = min(QACC_LI 39: 0l
2 QACC_LI[ 79: 40] = min(QACC_LI[ 79: 40]

+

gx[ 15: @] % qy[ 15: 0], 2~{40}-1)
gx[ 31: 16] * qy[ 31: 161, 2~{40}-1)

+

4 QACC_L[159:120] = min(QACC_L[159:120]
5 QACC_HI[ 39: @] = min(QACC_HI[ 39: 0]
6 QACC_HI[ 79: 40] = min(QACC_HI[ 79: 40]

+

ax[ 63: 48] x qy[ 63: 48], 2~{40}-1)
qx[ 79: 64] % qy[ 79: 641, 2~{40}-1)
gx[ 95: 80] * qy[ 95: 801, 2~{40}-1)

+

+

+

8 QACC_H[159:120] = min(QACC_H[159:120] gx[127:112] * qy[127:112]1, 2~{40}-1)
10 qul127:0] = {8{load16({as[31:1]1,1{0}})}}

11 as[31:0] = as[31:0] + 2

12 gs0[127:0] = {qs1[127:0]1, qs0[127:0]} >> {SAR_BYTE[3:0] << 3}
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1.8.170 EE.VMULAS.U8.ACCX

Instruction Word
000010100 \ av2] \ 0 \ ay[1:0] \ ax[2:0] \ 11000100

Assembler Syntax

EE.VMULAS.U8.ACCX gx, qy

Description

This instruction divides registers gx and qy into 16 data segments by 8 bits. Then, it performs an unsigned
multiply-accumulate operation on the 16 sets of segments respectively. The accumulated result is added to the
value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

Operation

1 addo[15:0]
2 add1[15:0]

gx[ 7: 0] xqyl 7: 0]
gx[ 15: 8] * qyl[ 15: 8]

4 add15[15:0] = gx[127:120] * qy[127:120]
5 sum[40:0] = ACCX[39:0] + ad[31:0]1d0[15:0] + ad[31:0]d1[15:0] + ... + ad[31:0]d15[15:0]

7 ACCX[40:0] = min(max(sum[40:0], @), 2~{40}-1)
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1.8.171 EE.VMULAS.U8.ACCX.LD.IP

Instruction Word
| 1111 [ imm16[5:4] | qui2:1] | ay[o] | 000 | qui0] | 110 | ax(1:0] | ay2:1] | imm16[3:0] | as[3:0] | 111 | ox(2] |

Assembler Syntax

EE.VMULAS.U8.ACCX.LD.IP qu, as, -512..496, gx, qy

Description

This instruction divides registers gx and qy into 16 data segments by 8 bits. Then, it performs an unsigned
multiply-accumulate operation on the 16 sets of segments respectively. The accumulated result is added to the
value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is
incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

Operation

1 addo[15:0]
2 add1[15:0]

gx[ 7: @] xqyl 7: 0l
gx[ 15: 8] * qyl[ 15: 8]

4 add15[15:0] = gx[127:120] * qy[127:120]
5 sum[40:0] = ACCX[39:0] + ad[31:0]d0[15:0] + ad[31:0]d1[15:0] + ... + ad[31:0]d15[15:0]
6 ACCX[40:0] = min(max(sum[40:0]1, @), 2~{40}-1)

8 qu[127:0] = load128({as[31:4],4{0}})
9 as[31:0] = as[31:0] + {20{imm16[71},imm16[7:0]1,4{0}}
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1.8.172 EE.VMULAS.U8.ACCX.LD.IP.QUP

Instruction Word
] 0110 \ imm16[5:4] \ qu[2:1] \ ay[0] \ qs0[2:0] \ qu[o] \ gs1[2:0] \ ax[1:0] \ ay[2:1] \ imm16[3:0] \ as[3:0] \ 111 \ ox[2] \

Assembler Syntax

EE.VMULAS.U8.ACCX.LD.IP.QUP qu, as, imm16, gx, qy, gs0, gsT

Description

This instruction divides registers gx and qy into 16 data segments by 8 bits. Then, it performs an unsigned
multiply-accumulate operation on the 16 sets of segments respectively. The accumulated result is added to the
value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is
incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting consecutive
aligned data stored in the two registers qs@ and gs1 and stores it to qs@. The shift byte is stored in special
register SAR_BYTE.

Operation

1 addo[15:0]
2 add1[15:0]

gx[ 7: @] xqyl 7: 0l
gx[ 15: 8] * qyl[ 15: 8]

4 add15[15:0] = gx[127:120] * qy[127:120]
5 sum[40:0] = ACCX[39:0] + ad[31:0]d0[15:0] + ad[31:0]d1[15:0] + ... + ad[31:0]d15[15:0]
6 ACCX[40:0] = min(max(sum[40:0]1, @), 2~{40}-1)

8 qu[127:0] = load128({as[31:4],4{0}})
9 as[31:0] = as[31:0] + {20{imm16([71},imm16[7:0]1,4{0}}
10 qs0[127:0] = {qgs1[127:0], qs@[127:0]} >> {SAR_BYTE[3:0] << 3}
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1.8.173 EE.VMULAS.U8.ACCX.LD.XP

Instruction Word
| 111100 | qui2:1] | ayl0] | 001 | quio] | 110 | ax{1:0] | ay[2:1] | ad[3:0] | as[3:0] | 111 | ox2] |

Assembler Syntax

EE.VMULAS.U8.ACCX.LD.XP qu, as, ad, gx, qy

Description

This instruction divides registers gx and qy into 16 data segments by 8 bits. Then, it performs an unsigned
multiply-accumulate operation on the 16 sets of segments respectively. The accumulated result is added to the
value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is
incremented by the value in register ad.

Operation

1 addo[15:0]
2 add1[15:0]

gx[ 7: @] xqyl 7: 0l
gx[ 15: 8] * qyl[ 15: 8]

4 add15[15:0] = gx[127:120] * qy[127:120]
5 sum[40:0] = ACCX[39:0] + ad[31:0]d0[15:0] + ad[31:0]d1[15:0] + ... + ad[31:0]d15[15:0]
6 ACCX[40:0] = min(max(sum[40:0]1, @), 2~{40}-1)

8 qul[127:0] = load128({as[31:4],4{0}})
9 as[31:0] = as[31:0] + ad[31:0]
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1.8.174 EE.VMULAS.U8.ACCX.LD.XP.QUP

Instruction Word
| 110010 | qui2:1] | ayl0] | gs0[2:0] | qul0] | as12:0] | ax(1:0] | ay2:1] | ad[3:0] | as[3:0] | 111 | ax[2] |

Assembler Syntax

EE.VMULAS.U8.ACCX.LD.XP.QUP qu, as, ad, gx, qy, gs0, gs1

Description

This instruction divides registers gx and qy into 16 data segments by 8 bits. Then, it performs an unsigned
multiply-accumulate operation on the 16 sets of segments respectively. The accumulated result is added to the
value in special register ACCX. Then, the sum obtained is saturated and then stored in ACCX.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is
incremented by the value in register ad.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting consecutive
aligned data stored in the two registers qs@ and gs1 and stores it to qs@. The shift byte is stored in special
register SAR_BYTE.

Operation

1 addo[15:0]
2 add1[15:0]

gx[ 7: @] xqyl 7: 0l
gx[ 15: 8] * qyl[ 15: 8]

4 add15[15:0] = gx[127:120] * qy[127:120]
5 sum[40:0] = ACCX[39:0] + ad[31:0]d0[15:0] + ad[31:0]d1[15:0] + ... + ad[31:0]d15[15:0]
6 ACCX[40:0] = min(max(sum[40:0]1, @), 2~{40}-1)

8 qu[127:0] = load128({as[31:4],4{0}})
9 as[31:0] = as[31:0] + ad[31:0]
10 9s0[127:0] = {qgs1[127: 0], qs@[127: 0]} >> {SAR_BYTE[3:0] << 3}
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1.8.175 EE.VMULAS.U8.QACC

Instruction Word
000010100 \ av2] \ 1 \ ay[1:0] \ ax[2:0] \ 11000100

Assembler Syntax

EE.VMULAS.U8.QACC gx, qy

Description

This instruction divides registers gx and qy into 16 data segments by 8 bits. Then, the unsigned multiplication
result of the 16 sets of segments is added to the corresponding 20-bit data segment in special registers QACC_H
and QACC_L respectively. The calculated result is saturated to a 20-bit unsigned number and then stored to the
corresponding 20-bit data segment in QACC_H and QACC_L.

Operation
. QACC_LI[ 19: @] = min(QACC_L[ 19: @] + gx[ 7: @] % qyl 7: o], 2~{20}-1)
2 QACC_LI[ 39: 20] = min(QACC_LI[ 39: 20] + gx[ 15: 8] *x qy[ 15: 8], 2~{w@}-1)
3 Y
4 QACC_L[159:140] = min(QACC_L[159:140] + gx[ 63: 56] * qy[ 63: 56], 2~{20}-1)
5 QACC_HI[ 19: @] = min(QACC_HI 19: @] + gx[ 71: 64] *x qyl[ 71: 641, 2~{20}-1)
6 QACC_HI[ 39: 20] = min(QACC_HI[ 39: 20] + gx[ 79: 72] * qyl[ 79: 72], 2~{20}-1)

8 QACC_HI[159:140]

min(QACC_H[159:140]

+

gx[127:120]

*

qy[127:120]1, 2~{20}-1)
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1.8.176 EE.VMULAS.U8.QACC.LD.IP

Instruction Word
| 1111 [ imm16[5:4] | qui2:1] | ay[o] | 000 | quio] | 111 | ax(1:0] | ay2:1] | imm16[3:0] | as[3:0] | 111 | ox(2] |

Assembler Syntax

EE.VMULAS.U8.QACC.LD.IP qu, as, imm16, gx, qy

Description

This instruction divides registers gx and qy into 16 data segments by 8 bits. Then, the unsigned multiplication
result of the 16 sets of segments is added to the corresponding 20-bit data segment in special registers QACC_H
and QACC_L respectively. The calculated result is saturated to a 20-bit unsigned number and then stored to the
corresponding 20-bit data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is
incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

Operation
1 QACC_L[ 19: 0] = min(QACC_L[ 19: @] + gx[ 7: @] x qyl 7: o], 2~{20}-1)
> QACC_LI[ 39: 20] = min(QACC_LI 39: 20] + gx[ 15: 8] * qy[ 15: 81, 2~{w@}-1)
3 naw
4 QACC_L[159:140] = min(QACC_L[159:140] + gx[ 63: 56] *x qy[ 63: 561, 27{20}-1)
5 QACC_HI[ 19: @] = min(QACC_HI[ 19: @] + gx[ 71: 64] *x qy[ 71: 64], 2~{20}-1)
6 QACC_H[ 39: 20] = min(QACC_H[ 39: 20] + gx[ 79: 721 % qy[ 79: 72], 2~{20}-1)

8 QACC_HI[159:140]

+

min(QACC_H[159:140] + qx[127:120]

*

qy[127:120], 2~{20}-1)

10 qul127:0] = load128({as[31:4]1,4{0}})
1 as[31:0] = as[31:0] + {22{imm16[5]},imm16[5:0],4{0}}
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1.8.177 EE.VMULAS.U8.QACC.LD.IP.QUP

Instruction Word
0111 | imm16[5:4] | qui2:1] | ay[0] | 9s0[2:0] | qu[0] | gs1[2:0] | ax([1:0] | ay[2:1] | imm16[3:0] | as[3:0] | 111 | ax[2] |

Assembler Syntax

EE.VMULAS.U8.QACC.LD.IP.QUP qu, as, imm16, gx, qy, gs0, gsT

Description

This instruction divides registers gx and qy into 16 data segments by 8 bits. Then, the unsigned multiplication
result of the 16 sets of segments is added to the corresponding 20-bit data segment in special registers QACC_H
and QACC_L respectively. The calculated result is saturated to a 20-bit unsigned number and then stored to the
corresponding 20-bit data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is
incremented by 6-bit sign-extended constant in the instruction code segment left-shifted by 4.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting consecutive
aligned data stored in the two registers qs@ and gs1 and stores it to qs@. The shift byte is stored in special
register SAR_BYTE.

Operation

1 QACC_L[ 19: @] = min(QACC_LI[ 19: ol
2 QACC_LI[ 39: 20] = min(QACC_LI[ 39: 20]

+

gx[ 7: @] xqyl 7: o], 2~{20}-1)
gx[ 15: 8] * qy[ 15: 81, 2~{wo}-1)

+

4 QACC_L[159:140] = min(QACC_L[159:140]
5 QACC_H[ 19: @] = min(QACC_HI[ 19: 0]
6 QACC_HI[ 39: 20] = min(QACC_HI[ 39: 20]

+

gx[ 63: 56] x qyl[ 63: 561, 2~{20}-1)
gx[ 71: 64] * qyl[ 71: 641, 2~{20}-1)
gx[ 79: 721 % qyl[ 79: 721, 2~{20}-1)

+

+

+

8 QACC_H[159:140] = min(QACC_H[159:140] gx[127:120] * qy[127:120]1, 2~{20}-1)
10 qul127:0] = load128({as[31:4]1,4{0}})

1 as[31:0] = as[31:0] + {22{imm16[5]},imm16[5:0],4{0}}

12 gs0[127:0] = {qs1[127:0]1, qs0[127:0]} >> {SAR_BYTE[3:0] << 3}
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1.8.178 EE.VMULAS.U8.QACC.LD.XP

Instruction Word
| 111100 | qui2:1] | ayl0] | 001 | quio] | 111 | ax{1:0] | ay[2:1] | ad[3:0] | as[3:0] | 111 | ox2] |

Assembler Syntax

EE.VMULAS.U8.QACC.LD.XP qu, as, ad, gx, qy

Description

This instruction divides registers gx and qy into 16 data segments by 8 bits. Then, the unsigned multiplication
result of the 16 sets of segments is added to the corresponding 20-bit data segment in special registers QACC_H
and QACC_L respectively. The calculated result is saturated to a 20-bit unsigned number and then stored to the
corresponding 20-bit data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is
incremented by the value in register ad.

Operation
1 QACC_L[ 19: 0] = min(QACC_L[ 19: @] + gx[ 7: @] x qyl 7: o], 2~{20}-1)
> QACC_LI[ 39: 20] = min(QACC_LI 39: 20] + gx[ 15: 8] * qy[ 15: 81, 2~{w@}-1)
3 naw
4 QACC_L[159:140] = min(QACC_L[159:140] + gx[ 63: 56] *x qy[ 63: 561, 27{20}-1)
5 QACC_HI[ 19: @] = min(QACC_HI[ 19: @] + gx[ 71: 64] *x qy[ 71: 64], 2~{20}-1)
6 QACC_H[ 39: 20] = min(QACC_H[ 39: 20] + gx[ 79: 721 % qy[ 79: 72], 2~{20}-1)

8 QACC_HI[159:140]

+

min(QACC_H[159:140] + qx[127:120]

*

qy[127:120], 2~{20}-1)

10 qul127:0] = load128({as[31:4]1,4{0}})
1 as[31:0] = as[31:0] + ad[31:0]
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1.8.179 EE.VMULAS.U8.QACC.LD.XP.QUP

Instruction Word
] 110011 \ qu[2:1] \ ay[0] \ qs0[2:0] \ qu[o] \ gs1[2:0] \ ox[1:0] \ ay[2:1] \ ad([3:0] \ as[3:0] \ 111 \ ox[2] \

Assembler Syntax

EE.VMULAS.U8.QACC.LD.XP.QUP qu, as, ad, gx, qy, gs0, gs1

Description

This instruction divides registers gx and qy into 16 data segments by 8 bits. Then, the unsigned multiplication
result of the 16 sets of segments is added to the corresponding 20-bit data segment in special registers QACC_H
and QACC_L respectively. The calculated result is saturated to a 20-bit unsigned number and then stored to the
corresponding 20-bit data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access is completed, the value in register as is
incremented by the value in register ad.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting consecutive
aligned data stored in the two registers qs@ and gs1 and stores it to qs@. The shift byte is stored in special
register SAR_BYTE.

Operation

1 QACC_L[ 19: @] = min(QACC_LI[ 19: ol
2 QACC_LI[ 39: 20] = min(QACC_LI[ 39: 20]

+

gx[ 7: @] xqyl 7: o], 2~{20}-1)
gx[ 15: 8] * qy[ 15: 81, 2~{wo}-1)

+

4 QACC_L[159:140] = min(QACC_L[159:140]
5 QACC_H[ 19: @] = min(QACC_HI[ 19: 0]
6 QACC_HI[ 39: 20] = min(QACC_HI[ 39: 20]

+

gx[ 63: 56] x qyl[ 63: 561, 2~{20}-1)
gx[ 71: 64] * qyl[ 71: 641, 2~{20}-1)
gx[ 79: 721 % qyl[ 79: 721, 2~{20}-1)

+

+

+

8 QACC_H[159:140] = min(QACC_H[159:140] gx[127:120] * qy[127:120]1, 2~{20}-1)
10 qul127:0] = load128({as[31:4]1,4{0}})

1 as[31:0] = as[31:0] + ad[31:0]

12 gs0[127:0] = {qs1[127:0]1, qs0[127:0]} >> {SAR_BYTE[3:0] << 3}
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1.8.180 EE.VMULAS.U8.QACC.LDBC.INCP

Instruction Word
[ 111 | qui2) | 0111 | quit] | ayl2] | quio] | ay[1:0] | ax(2:0] | as[3:0] | 0100 |

Assembler Syntax

EE.VMULAS.U8.QACC.LDBC.INCP qu, as, gx, qy

Description

This instruction divides registers gx and qy into 16 data segments by 8 bits. Then, the unsigned multiplication
result of the 16 sets of segments is added to the corresponding 20-bit data segment in special registers QACC_H
and QACC_L respectively. The calculated result is saturated to a 20-bit unsigned number and then stored to the
corresponding 20-bit data segment in QACC_H and QACC_L.

At the same time, this instruction loads 8-bit data from memory at the address given by the access register as
and broadcasts it to the 16 8-bit data segments in register qu. After the access, the value in register as is
incremented by 1.

Operation
1 QACC_L[ 19: 0] = min(QACC_L[ 19: @] + gx[ 7: @] x qyl 7: o], 2~{20}-1)
> QACC_LI[ 39: 20] = min(QACC_LI 39: 20] + gx[ 15: 8] * qy[ 15: 81, 2~{w@}-1)
3 naw
4 QACC_L[159:140] = min(QACC_L[159:140] + gx[ 63: 56] *x qy[ 63: 561, 27{20}-1)
5 QACC_HI[ 19: @] = min(QACC_HI[ 19: @] + gx[ 71: 64] *x qy[ 71: 64], 2~{20}-1)
6 QACC_H[ 39: 20] = min(QACC_H[ 39: 20] + gx[ 79: 721 % qy[ 79: 72], 2~{20}-1)

8 QACC_HI[159:140]

+

min(QACC_H[159:140] gx[127:120]

*

qy[127:120], 2~{20}-1)

10 qul[127:0] = {16{load8(as[31:0])}}
1 as[31:0] = as[31:0] + 1
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1.8.181 EE.VMULAS.U8.QACC.LDBC.INCP.QUP

Instruction Word
| 111000 | qui2:1] | ayl0] | gs0[2:0] | qulO] | gs12:0] | ax(1:0] | ay2:1] | 1011 | as[3:0] | 111 | ax[2] |

Assembler Syntax

EE.VMULAS.U8.QACC.LDBC.INCP.QUP qu, as, gx, qy, 9s0, gsT

Description

This instruction divides registers gx and qy into 16 data segments by 8 bits. Then, the unsigned multiplication
result of the 16 sets of segments is added to the corresponding 20-bit data segment in special registers QACC_H
and QACC_L respectively. The calculated result is saturated to a 20-bit unsigned number and then stored to the
corresponding 20-bit data segment in QACC_H and QACC_L.

At the same time, this instruction loads 8-bit data from memory at the address given by the access register as
and broadcasts it to the 16 8-bit data segments in register qu. After the access, the value in register as is
incremented by 1.

At the same time, this instruction also obtains 16-byte unaligned data by concatenating and shifting consecutive
aligned data stored in the two registers qs@ and gs1 and stores it to qs@. The shift byte is stored in special
register SAR_BYTE.

Operation

1 QACC_L[ 19: @] = min(QACC_LI[ 19: ol
2 QACC_LI[ 39: 20] = min(QACC_LI[ 39: 20]

+

gx[ 7: @] xqyl 7: o], 2~{20}-1)
gx[ 15: 8] * qy[ 15: 81, 2~{wo}-1)

+

4 QACC_L[159:140] = min(QACC_L[159:140]
5 QACC_H[ 19: @] = min(QACC_HI[ 19: 0]
6 QACC_HI[ 39: 20] = min(QACC_HI[ 39: 20]

+

gx[ 63: 56] x qyl[ 63: 561, 2~{20}-1)
gx[ 71: 64] * qyl[ 71: 641, 2~{20}-1)
gx[ 79: 721 % qyl[ 79: 721, 2~{20}-1)

+

+

+

8 QACC_H[159:140] = min(QACC_H[159:140] gx[127:120] * qy[127:120]1, 2~{20}-1)
10 qu[127:0] = {16{load8(as[31:01)}}

11 as[31:0] = as[31:0] + 1

12 gs0[127:0] = {qs1[127:0]1, qs0[127:0]} >> {SAR_BYTE[3:0] << 3}
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1.8.182 EE.VPRELU.S16

Instruction Word
110 | qz2:1] | 1100 | qz[0] | ayi2] | 0 | qy(1:0] | qx(2:0] | ay[3:0] | 0100 |

Assembler Syntax

EE.VPRELU.S16 gz, gx, qy, ay

Description

This instruction divides register gx into 8 data segments by 16 bits. If the value of the segment is not greater than
0, it will be multiplied by the value of the corresponding 16-bit segment in register qy right-shifted by the lower
6-bit value in register ay, and then the result obtained will be assigned to the corresponding 16-bit data segment
in register qz. Otherwise, the value of the segment in gx will be assigned to qz.

Operation

1 qz[ 15: 0]
2 gqz[ 31: 16]
3

4 qz[127:112]

(gx[ 15: @]<=0) ? (gx[ 15: @] * qy[ 15: 0]) >> ay[5:0] : gx[ 15: 0]
(gx[ 31: 16]1<=0) ? (gx[ 31: 16] * qy[ 31: 16]) >> ay[5:0] : gx[ 31: 16]

(gx[127:112]<=0) ? (gx[127:112] % qy[127:112]) >> ay[5:0] : gx[127:112]
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1.8.183 EE.VPRELU.S8

Instruction Word
110 | qz2:1] | 1100 | qz(0) | ayi2] | 1 | ay(1:0] | qx(2:0] | ay[3:0] | 0100 |

Assembler Syntax

EE.VPRELU.S8 gz, gx, qy, ay

Description

This instruction divides register gx into 16 data segments by 8 bits. If the value of the segment is not greater than
0, it will be multiplied by the value of the corresponding 8-bit segment in register qy and right-shifted by the lower
5-bit value in register ay, and then the calculated result will be assigned to the corresponding 8-bit data segment
in register qz. Otherwise, the value of the segment in gx will be assigned to qz.

Operation

1 gzl 7: 0]
2 gqz[ 15: 8]

(gx[ 7: @]<=0) ? (gx[ 7: 0] x qyl[ 7: 0]) >> ay[4:0] : gx[ 7: 0]
(gx[ 15: 81<=0) ? (gx[ 15: 8] * qyl[ 15: 8]) >> ay[4:0] : gx[ 15: 8]

4 qz[127:120]

(gx[127:120]<=0) ? (gx[127:120] * qy[127:120]) >> ay[4:0] : gx[127:120]
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1.8.184 EE.VRELU.S16

Instruction Word
|11 | gs2:1] | 1101 | gs[0] | 001 | ax[3:0] | ay[3:0] | 0100 |

Assembler Syntax

EE.VRELU.S16 gs, ax, ay

Description

This instruction divides register gs into 8 data segments by 16 bits. If the value of the segment is not greater than
0, it will be multiplied by the value of the lower 16 bits in register ax and right-shifted by the value of the lower 6
bits in register ay, and then the result obtained will overwrite the value of the segment. Otherwise, the value of the
segment will remain unchanged.

Operation

1 gsl 15: 0]
2 gs[ 31: 16]
3

4 gs[127:112]

(qs[ 15: @]<=0) ? (gs[ 15: @] * ax[15:0]) >> ay[5:0] : qs[ 15: @]
(gs[ 31: 16]<=0) ? (gs[ 31: 16] * ax[15:0]) >> ay[5:0] : gs[ 31: 16]

(gs[127:1121<=0) ? (qgs[127:112] * ax[15:0]) >> ay[5:0] : qs[127:112]
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1.8.185 EE.VRELU.S8

Instruction Word
|11 | gs2:1] | 1101 | gs[0] | 101 | ax[3:0] | ay[3:0] | 0100 |

Assembler Syntax

EE.VRELU.S8 gs, ax, ay

Description

This instruction divides register gs into 16 data segments by 8 bits. If the value of the segment is not greater than
0, it will be multiplied by the value of the lower 8 bits in register ax and right-shifted by the value of the lower 5 bits
in register ay, and then the result obtained will overwrite the value of the segment. Otherwise, the value of the
segment will remain unchanged.

Operation

1 gsl 7: 0]
2 gs[ 15: 8]
3

4 gs[127:120]

(gs[ 7: @]<=0) ? (gqs[ 7: 0] *x ax[7:0]) >> ay[4:0] : gs[ 7: 0]
(gs[ 15: 81<=0) ? (qgs[ 15: 8] * ax[7:0]1) >> ay[4:0] : gs[ 15: 8]

(gs[127:1201<=0) ? (qs[127:120] * ax[7:0]1) >> ay[4:0] : qs[127:120]
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1.8.186 EE.VSL.32

Instruction Word
| 11 | gs2:1] | 1101 | gs[0] | 01111110 | gaf2:0] | 0100 |

Assembler Syntax

EE.VSL.32 ga, gs

Description

This instruction performs a left shift on the four 32-bit data segments in register gs respectively. The left shift
amount is the value in the 6-bit special register SAR. During the shift process, the lower bits are padded with O.
The lower 32 bits of the shift result are stored in the corresponding data segment in register ga.

Operation

1 gal 31: @]
2 qal 63: 32]
3 gal 95: 64]
4 qal127: 96]

(gs[ 31: 0] << SAR[5:0])
(gs[ 63: 32] << SAR[5:0])
(gs[ 95: 64] << SAR[5:0])
(gs[127: 96] << SARI[5:01)
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1.8.187 EE.VSMULAS.S16.QACC

Instruction Word
] 10 \ selg[2:1] \ 1110 \ sel8[o] \ avl2] \ 1 \ ay[1:0] \ ax[2:0] \ 11000100

Assembler Syntax

EE.VSMULAS.S16.QACC gx, qy, sel8

Description

This instruction selects one out of the eight 16-bit data segments in register qy according to immediate number
sel8 and performs a signed multiplication on it and the eight 16-bit data segments in register qx respectively. The
8 results obtained are added to the corresponding 40-bit data segment in special registers QACC_H and QACC_L
respectively. Then, the result is saturated to a 40-bit signed number and then stored to the corresponding 40-bit
data segment in QACC_H and QACC_L.

Operation

1 temp[15:0] = qy[sel8%16+15:se18x16]
2 QACC_LI[ 39: @] = min(max(QACC_L[ 39: 0] + gx[ 15: @] * temp[15:0]1, -2~{39}),

2~{39}-1)

3 QACC_LI[ 79: 40] = min(max(QACC_L[ 79: 401 + gx[ 31: 16] * temp[15:0]1, -2~{39}),
2~{39}-1)

4 QACC_L[119: 80] = min(max(QACC_L[119: 801 + gx[ 47: 321 x temp[15:0], -2~{39}),
2~{39}-1)

5 QACC_L[159:120] = min(max(QACC_L[159:120] + gx[ 63: 48] x temp[15:0], -2~{39}),
2~{39}-1)

6 QACC_HI[ 39: @] = min(max(QACC_H[ 39: 01 + gx[ 79: 64] % temp[15:0]1, -2~{39}),
2~{39}-1)

7 QACC_HI[ 79: 40] = min(max(QACC_H[ 79: 401 + gx[ 95: 80] * temp[15:0]1, -2~{39}),
2~{39}-1)

8 QACC_H[119: 80] = min(max(QACC_H[119: 80] + gx[111l: 96] x temp[15:0], -2~{39}),
2~{39}-1)

9 QACC_H[159:120] = min(max(QACC_H[159:120] + qgx[127:112] * temp[15:0], -2~{39}),
2~{39}-1)
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1.8.188 EE.VSMULAS.S16.QACC.LD.INCP

Instruction Word
] 111000 \ qu[2:1] \ ay[0] \ 111 \ qu[o] \ selg[2:0] \ ox[1:0] \ ay[2:1] \ 1100 \ as[3:0] \ 111 \ ax[2] \

Assembler Syntax

EE.VSMULAS.S16.QACC.LD.INCP qu, as, gx, qy, sel8

Description

This instruction selects one out of the eight 16-bit data segments in register qy according to immediate number
sel8 and performs a signed multiplication on it and the eight 16-bit data segments in register qx respectively. The
8 results obtained are added to the corresponding 40-bit data segment in special registers QACC_H and QACC_L
respectively. Then, the result is saturated to a 40-bit signed number and then stored to the corresponding 40-bit
data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is incremented
by 16.

Operation

1 temp[15:0] = qy[sel8%16+15:se18x16]
2 QACC_LI[ 39: @] = min(max(QACC_L[ 39: 0] + gx[ 15: @] % templ[15:0]1, -2~{39}),

2~{39}-1)

3 QACC_L[ 79: 40] = min(max(QACC_L[ 79: 401 + gx[ 31: 16] * temp[15:0]1, -2~{39}),
2~{39}-1)

4 QACC_L[119: 80] = min(max(QACC_L[119: 801 + gx[ 47: 321 % temp[15:0]1, -2~{39}),
2~{39}-1)

5 QACC_L[159:120] = min(max(QACC_L[159:120]1 + gx[ 63: 48] x temp[15:0]1, -2~{39}),
2~{39}-1)

6 QACC_HI[ 39: @] = min(max(QACC_H[ 39: @] + gx[ 79: 64] x temp[15:0], -2~{39}),
2~{39}-1)

7 QACC_HI[ 79: 40] = min(max(QACC_H[ 79: 401 + gx[ 95: 80] % temp[15:0]1, -2~{39}),
2~{39}-1)

8 QACC_H[119: 80] = min(max(QACC_H[119: 80] + gx[111l: 96] x temp[15:0], -2~{39}),
2~{39}-1)

9 QACC_H[159:120] = min(max(QACC_H[159:120] + gx[127:112] x temp[15:0], -2~{39}),
2~{39}-1)

1 qul[127:0] = load128({as[31:4],4{0}})
12 as[31:0] = as[31:0] + 16
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1.8.189 EE.VSMULAS.S8.QACC

Instruction Word

| 10 | seit6[3:2] | 1110 | sel16[1] | ayl2] | 0 | ay[1:0] | ax[2:0] | 010 | sel16[0] | 0100 |

Assembler Syntax

EE.VSMULAS.S8.QACC gx, qy, sel16

Description

This instruction selects one out of the 16 8-bit data segments in register qy according to immediate number

sell6 and performs a signed multiplication on it and the 16 8-bit data segments in register gx respectively. The

16 results obtained are added to the corresponding 20-bit data segment in special registers QACC_H and QACC_L

respectively. Then, the result is saturated to a 20-bit signed number and then stored to the corresponding 20-bit
data segment in QACC_H and QACC_L.

Operation

1 temp[7:0] = qy[sell6x8+7:sel16x8]

2 QACC_L[ 19:
3 QACC_LI[ 39:
4 QACC_L[ 59:
5 QACC_L[ 79:
6 QACC_LI 99:
7 QACC_L[119:
8 QACC_L[139:
9 QACC_L[159:
10 QACC_HI[ 19:
1 QACC_H[ 39:
12 QACC_HI[ 59:
13 QACC_HI[ 79:
14 QACC_HI 99:
15 QACC_H[119:
16 QACC_H[139:
17 QACC_HI[159:
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1.8.190 EE.VSMULAS.S8.QACC.LD.INCP

Instruction Word
| 111000 | qui2:1] | ayl0] | O1 | sel16(0] | quio] | sel63:1] | ax[1:0] | ay[2:1] | 1100 | as[3:0] | 111 | qx(2] |

Assembler Syntax

EE.VSMULAS.S8.QACC.LD.INCP qu, as, gx, qy, sel16

Description

This instruction selects one out of the 16 8-bit data segments in register qy according to immediate number
sell6 and performs a signed multiplication on it and the 16 8-bit data segments in register gx respectively. The
16 results obtained are added to the corresponding 20-bit data segment in special registers QACC_H and QACC_L
respectively. Then, the result is saturated to a 20-bit signed number and then stored to the corresponding 20-bit
data segment in QACC_H and QACC_L.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is incremented
by 16.

Operation

1 temp[7:0] = qy[sell16x8+7:sel16x%8]

2 QACC_L[ 19: 0] = min(max(QACC_L[ 19: @] + gx[ 7: 0] * temp[7:0], -2~{19}), 2~{19}-1)
3 QACC_LI[ 39: 201 = min(max(QACC_L[ 39: 20] + gx[ 15: 8] * temp[7:0], -27~{19}), 2~{19}-1)
4 QACC_L[ 59: 40] = min(max(QACC_L[ 59: 40] + gx[ 23: 16] * temp[7:0], -2~{19}), 2~{19}-1)
5 QACC_LI[ 79: 60] = min(max(QACC_L[ 79: 60] + gx[ 31: 241 * temp[7:0], -2~{19}), 2~{19}-1)
6 QACC_L[ 99: 80] = min(max(QACC_L[ 99: 801 + gx[ 39: 32] * temp[7:0], -2~{19}), 2~{19}-1)
7 QACC_L[119:100] = min(max(QACC_L[119:100] + gx[ 47: 40] % temp[7:0], -2~{19}), 2~{19}-1)
8 QACC_L[139:120] = min(max(QACC_L[139:120] + gx[ 55: 48] * temp[7:0], -2~{19}), 2~{19}-1)
9 QACC_L[159:140] = min(max(QACC_L[159:140] + gx[ 63: 56] * temp[7:0], -2~{19}), 2~{19}-1)
10 QACC_H[ 19: 0] = min(max(QACC_H[ 19: 0] + gx[ 71: 64] % temp[7:0], -2~{19}), 2~{19}-1)
1 QACC_HI[ 39: 20] = min(max(QACC_H[ 39: 20] + gx[ 79: 72] % temp[7:0], -2~{19}), 2~{19}-1)
12 QACC_HI[ 59: 40] = min(max(QACC_H[ 59: 40] + gx[ 87: 80] * temp[7:0], -2~{19}), 2~{19}-1)
13 QACC_HI[ 79: 60] = min(max(QACC_H[ 79: 60] + gx[ 95: 88] x temp[7:0], -2~{19}), 27{19}-1)
14 QACC_HI[ 99: 801 = min(max(QACC_H[ 99: 80] + gx[103: 96] * temp[7:0], -27~{19}), 2~{19}-1)
15 QACC_H[119:100] = min(max(QACC_H[119:100] + gx[111:104] * temp[7:0], -2~{19}), 2~{19}-1)
16 QACC_H[139:120] = min(max(QACC_H[139:120] + gx[119:112] x temp[7:0], -27~{19}), 2~{19}-1)
17 QACC_H[159:140]1 = min(max(QACC_H[159:140] + qx[127:120] * temp[7:0]1, -27~{19}), 2~{19}-1)

19 qul127:0] = load128({as[31:4]1,4{0}})
20 as[31:0] = as[31:0] + 16
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1.8.191 EE.VSR.32

Instruction Word
| 11 | gs2:1] | 1101 | gs[0] | 01111111 | ga2:0] | 0100 |

Assembler Syntax

EE.VSR.32 ga, gs

Description

This instruction performs an arithmetic right shift on the four 32-bit data segments in register gs respectively. The
shift amount is the value in the 6-bit special register SAR. During the shift process, the higher bits are padded with
signed bit. The lower 32 bits of the shift result are stored in the corresponding data segment in register qa.
Operation

1 gal 31: @]
2 qal 63: 32]
3 gal 95: 64]
4 qal127: 96]

(gs[ 31: 0] >> SAR[5:0])
(gs[ 63: 32] >> SAR[5:0])
(gs[ 95: 641 >> SAR[5:0])
(gs[127: 96] >> SAR[5:0])
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1.8.192 EE.VST.128.IP

Instruction Word
|1 [ imm16[7) | avi2:1] | 1010 | qv{0] | imm16[6:0] | as[3:0] | 0100 |

Assembler Syntax

EE.VST.128.IP qv, as, -2048..2032

Description

This instruction forces the lower 4 bits of the access address in register as to O and stores the 128 bits in register
qv to memory. After the access is completed, the value in register as is incremented by 8-bit sign-extended
constant in the instruction code segment left-shifted by 4.

Operation

1 qv[127:0] => store128({as[31:4],4{0}})
> as[31:0] = as[31:0] + {20{imm16[71},imm16[7:0]1,4{0}}
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1.8.193 EE.VST.128.XP

Instruction Word
|10 | qu2:1] | 1101 | qu[0] | 111 | ad[3:0] | as[3:0] | 0100 |

Assembler Syntax

EE.VST.128.XP qv, as, ad

Description

This instruction forces the lower 4 bits of the access address in register as to O and stores the 128 bits in register
qv to memory. After the access is completed, the value in register as is incremented by the value in register

ad.

Operation

1 qv[127:0] => storel28({as[31:41],4{0}})
2 as[31:0] = as[31:0] + ad[31:0]
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1.8.194 EE.VST.H.64.IP

Instruction Word
|1 [ imm8[7] | avi2:1] | 1011 | qu[0] | imm8[B:0] | as[3:0] | 0100 |

Assembler Syntax

EE.VST.H.64.IP qv, as, -1024..1016

Description

This instruction forces the lower 3 bits of the access address in register as to O and stores the upper 64 bits in
register qv to memory. After the access is completed, the value in register as is incremented by 8-bit
sign-extended constant in the instruction code segment left-shifted by 3.

Operation

1 qv[127: 64] => store64({as[31:3],3{0}})
2 as[31:0] = as[31:0] + {21{imm8[71},imm8[7:0]1,3{0}}
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1.8.195 EE.VST.H.64.XP

Instruction Word
|11 | qui2:1] | 1101 | qu[0] | 000 | ad[3:0] | as[3:0] | 0100 |

Assembler Syntax

EE.VST.H.64.XP qv, as, ad

Description

This instruction forces the lower 3 bits of the access address in register as to O and stores the upper 64 bits in
register qv to memory. After the access is completed, the value in register as is incremented by the value in
register ad.

Operation

1 qv[127: 64] => store64({as[31:3],3{0}})
2 as = as + ad[31:0]
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1.8.196 EE.VST.L.64.IP

Instruction Word
|1 [ imm8[7] | qvi2:1] | 0100 | qu[0] | imm8[6:0] | as[3:0] | 0100 |

Assembler Syntax

EE.VST.L.64.IP qv, as, -1024..1016

Description

This instruction forces the lower 3 bits of the access address in register as to O and stores the lower 64 bits in
register qv to memory. After the access is completed, the value in register as is incremented by 8-bit
sign-extended constant in the instruction code segment left-shifted by 3.

Operation

1 gvl 63: @] => store64({as[31:3],3{0}})
2 as[31:0] = as[31:0] + {21{imm8[71},imm8[7:0]1,3{0}}
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1.8.197 EE.VST.L.64.XP

Instruction Word
|11 | qui2:1] | 1101 | qu[0] | 100 | ad[3:0] | as[3:0] | 0100 |

Assembler Syntax

EE.VST.L.64.XP qv, as, ad

Description

This instruction forces the lower 3 bits of the access address in register as to O and stores the lower 64 bits in
register qv to memory. After the access is completed, the value in register as is incremented by the value in
register ad.

Operation

1 qv[63:0] => store64({as[31:3],3{0}})
2 as = as + ad[31:0]
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1.8.198 EE.VSUBS.S16

Instruction Word
] 10 \ qal2:1] \ 1110 \ qal0] \ avl2] \ 1 \ ay[1:0] \ ax[2:0] \ 11010100

Assembler Syntax
EE.VSUBS.S16 ga, gx, qy
Description
This instruction performs a vector subtraction on 16-bit data. Registers gx and qy are the subtrahend and the
minuend respectively. Then, the 8 results obtained from the calculation are saturated and then written into
register qa.
Operation
1 qal 15: 0]
2 gal 31: 16]

3

min(max(gx[ 15: @] - qy[ 15: @], -2~{15}), 2~{15}-1)
min(max(gx[ 31: 16] - qy[ 31: 161, -2~{15}), 2~{15}-1)
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1.8.199 EE.VSUBS.S16.LD.INCP

Instruction Word
| 111000 | qui2:1] | ayl0] | 100 | quio] | ga[2:0] | ax[1:0] | ay[2:1] | 1101 | as[3:0] | 111 | qx(2] |

Assembler Syntax

EE.VSUBS.S16.LD.INCP qu, as, ga, gx, qy

Description

This instruction performs a vector subtraction on 16-bit data. Registers gx and qy are the subtrahend and the
minuend respectively. Then, the 8 results obtained from the calculation are saturated and then written into
register qa.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is incremented
by 16.

Operation

1 gal 15: 0]
2 gal 31: 16]

min(max(gx[ 15: @] - qy[ 15: @], -2~{15}), 2~{15}-1)
min(max(gx[ 31: 16] - qy[ 31: 161, -2~{15}), 2~{15}-1)

5 qul[127:0] = load128({as[31:4],4{0}})
6 as[31:0] = as[31:0] + 16
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1.8.200 EE.VSUBS.S16.ST.INCP

Instruction Word
11101000 \ ay[0] \ av[2:0] \ 1 \ qal2:0] \ ax[1:0] \ ay[2:1] \ 0001 \ as[3:0] \ 111 \ ax[2] \

Assembler Syntax

EE.VSUBS.S16.ST.INCP qv, as, ga, gx, qy

Description

This instruction performs a vector subtraction on 16-bit data. Registers gx and qy are the subtrahend and the
minuend respectively. Then, the 8 results obtained from the calculation are saturated and then written into
register qa.

During the operation, the instruction forces the lower 4 bits of the access address in register as to O and stores
the value in register qv to memory. After the access, the value in register as is incremented by 16.

Operation

1 gal 15: 0]
2 gal 31: 16]

min(max(gx[ 15: @] - qy[ 15: o], -2~{15}), 2~{15}-1)
min(max(gx[ 31: 16] - qy[ 31: 161, -2~{15}), 2~{15}-1)

5 qv[127:0] => store128({as[31:4],4{0}})
6 as[31:0] = as[31:0] + 16
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1.8.201 EE.VSUBS.S32

Instruction Word
] 10 \ qal2:1] \ 1110 \ qal0] \ avl2] \ 1 \ ay[1:0] \ ax[2:0] \ 11100100

Assembler Syntax
EE.VSUBS.S32 ga, gx, qy
Description
This instruction performs a vector subtraction on 32-bit data. Registers gx and qy are the subtrahend and the
minuend respectively. Then, the 4 results obtained from the calculation are saturated and then written into
register qa.
Operation
1 qal 31: 0]
2 qal 63: 32]

3

min(max(gx[ 31: @] - qy[ 31: o], -2~{31}), 2~{31}-1)
min(max(gx[ 63: 32] - qy[ 63: 321, -2~{31}), 2~{31}-1)
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1.8.202 EE.VSUBS.S32.LD.INCP

Instruction Word
] 111000 \ qu[2:1] \ ay[0] \ 101 \ qu[o] \ qal2:0] \ ox[1:0] \ ay[2:1] \ 1101 \ as[3:0] \ 111 \ ax[2] \

Assembler Syntax

EE.VSUBS.S32.LD.INCP qu, as, ga, gx, qy

Description

This instruction performs a vector subtraction on 32-bit data. Registers gx and qy are the subtrahend and the
minuend respectively. Then, the 4 results obtained from the calculation are saturated and then written into
register qa.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is incremented
by 16.

Operation

1 gal31: @] = min(max(gx[31: @] - qy[31: @], -2~{31}), 2~{31}-1)
2 gal63:32] = min(max(qx[63:32] - qy[63:32], -2~{31}), 2~{31}-1)

5 qul[127:0] = load128({as[31:4],4{0}})
6 as[31:0] = as[31:0] + 16

Espressif Systems 280 ESP32-S3 TRM (Version 1.2)
Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.2

1 Processor Instruction Extensions (PIE) GoBack

1.8.203 EE.VSUBS.S32.ST.INCP

Instruction Word
11101000 \ ay[0] \ av[2:0] \ 1 \ qal2:0] \ ax[1:0] \ ay[2:1] \ 0010 \ as[3:0] \ 111 \ ax[2] \

Assembler Syntax

EE.VSUBS.S32.ST.INCP qv, as, ga, gx, qy

Description

This instruction performs a vector subtraction on 32-bit data. Registers gx and qy are the subtrahend and the
minuend respectively. Then, the 4 results obtained from the calculation are saturated and then written into
register qa.

During the operation, the instruction forces the lower 4 bits of the access address in register as to O and stores
the value in register qv to memory. After the access, the value in register as is incremented by 16.

Operation

1 gal 31: 0]
2 gal 63: 32]

min(max(gx[ 31: @] - qy[ 31: o], -2~{31}), 2~{31}-1)
min(max(gx[ 63: 321 - qy[ 63: 321, -2~{31}), 2~{31}-1)

5 qv[127:0] => store128({as[31:4],4{0}})
6 as[31:0] = as[31:0] + 16

Espressif Systems 281 ESP32-S3 TRM (Version 1.2)
Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.2

1 Processor Instruction Extensions (PIE) GoBack

1.8.204 EE.VSUBS.S8

Instruction Word
] 10 \ qal2:1] \ 1110 \ qal0] \ avl2] \ 1 \ ay[1:0] \ ax[2:0] \ 11110100

Assembler Syntax
EE.VSUBS.S8 ga, gx, qy
Description
This instruction performs a vector subtraction on 8-bit data. Registers gx and qy are the subtrahend and the
minuend respectively. Then, the 16 results obtained from the calculation are saturated and then written into
register qa.
Operation
1 qal 7: 0]
2 gal 15: 8]

3

min(max(gx[ 7: @] - qyl 7: o1, -2~{7}), 2~{7}-1)
min(max(gx[ 15: 8] - qy[ 15: 8], -2~{7}), 2~{7}-1)
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1.8.205 EE.VSUBS.S8.LD.INCP

Instruction Word
] 111000 \ qu[2:1] \ ay[0] \ 110 \ qu[o] \ qal2:0] \ ox[1:0] \ ay[2:1] \ 1101 \ as[3:0] \ 111 \ ax[2] \

Assembler Syntax

EE.VSUBS.S8.LD.INCP qu, as, ga, gx, qy

Description

This instruction performs a vector subtraction on 8-bit data. Registers gx and qy are the subtrahend and the
minuend respectively. Then, the 16 results obtained from the calculation are saturated and then written into
register qa.

During the operation, the lower 4 bits of the access address in register as are forced to be 0, and then the
16-byte data is loaded from the memory to register qu. After the access, the value in register as is incremented
by 16.

Operation

1 gal 7: 0] = min(max(gx[ 7: @] - qyl 7: @1, -2~{7}), 2~{7}-1)
2 gal 15: 8] = min(max(gx[ 15: 8] - qy[ 15: 81, -2~{7}), 2~{7}-1)

5 qul[127:0] = load128({as[31:4],4{0}})
6 as[31:0] = as[31:0] + 16
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1.8.206 EE.VSUBS.S8.ST.INCP

Instruction Word
11101000 \ ay[0] \ av[2:0] \ 1 \ qal2:0] \ ax[1:0] \ ay[2:1] \ 0011 \ as[3:0] \ 111 \ ax[2] \

Assembler Syntax

EE.VSUBS.S8.ST.INCP qv, as, ga, gx, qy

Description

This instruction performs a vector subtraction on 8-bit data. Registers gx and qy are the subtrahend and the
minuend respectively. Then, the 16 results obtained from the calculation are saturated and then written into
register qa.

During the operation, the instruction forces the lower 4 bits of the access address in register as to O and stores
the value in register qv to memory. After the access, the value in register as is incremented by 16.

Operation

1 gal 7: 0]
2 qal 15: 8]

min(max(gx[ 7: @] - qyl[ 7: o], -2~{7}), 2~{7}-1)
min(max(gx[ 15: 8] - qy[ 15: 81, -2~{7}), 2~{7}-1)

5 qv[127:0] => store128({as[31:4],4{0}})
6 as[31:0] = as[31:0] + 16
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1.8.207 EE.VUNZIP.16

Instruction Word

| 11 | gst[2:1] | 1100 | gs1[0] | gs0[2:0] | 001110000100

Assembler Syntax

EE.VUNZIP.16 gs0, gs1

Description

This instruction implements the unzip algorithm on 16-bit vector data.

Operation

1

2

gs@[ 15:
gso[ 31:
qse[ 47:
gs@[ 63:
gse[ 79:
gs@[ 95:
qs0[111:

qse[127

gsl[ 15:
gsl[ 31:
qsl[ 47:
gsl[ 63:
gsl[ 79:
gsl[ 95:
gs1[111:

gqs1[127

0]
16]
32]
48]
64]
80]
96]
1112]

0]
16]
32]
48]
64]
80]
96]
1112]
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gs@[ 15:
qs0[ 47:
qs@[ 79:
gqs0[111:
gs1[ 15:
qsl[ 47:
gsll[ 79:
gqs1[111:
gqs@[ 31:
qs@[ 63:
qs0[ 95:

0]
32]
641
96]

0]
32]
64]
961
161]
48]
801

qs0[127:112]

gs1[ 31:
gsl[ 63:
gs1l[ 95:

16]
48]
80]

gs1[127:112]
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1.8.208 EE.VUNZIP.32

Instruction Word

] 11 \ gs1[2:1] \ 1100 \ as1[0] \ qs0[2:0] \ 001110010100

Assembler Syntax

EE.VUNZIP.32 gs0, gs1

Description

This instruction implements the unzip algorithm on 32-bit vector data.

Operation

1

2

Espressif Systems

gso[ 31:
gs@[ 63:
gqs@[ 95:
qs0[127:
gs1[ 31:
gsl[ 63:
gsl[ 95:
qs1[127:

0]
32]
64]
96]

0]
32]
64]
96]

gso[ 31:
gqs@[ 95:
gsl[ 31:
gs1l[ 95:
qs@[ 63:
qs0[127:
gsl[ 63:
qs1[127:

0]
64]

0]
641
32]
96]
32]
961
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1.8.209 EE.VUNZIP.8

Instruction Word

] 11 \ gs1[2:1] \ 1100 \ as1[0] \ qs0[2:0] \ 001110100100

Assembler Syntax

EE.VUNZIP.8 gs0, gs1

Description

This instruction implements the unzip algorithm on 8-bit vector data.

Operation

1

2

20

21

22

23

24

25

26

27

28

29

30

31

32

gsol
qso[
gsol
qsol
qso[
gsol
qso[
qso[
gsol
qso[
qsol
gsol

7:
15:
23:
31:
39:
47:
55:
63:
71:
79:
87:
95:
qs0[103:

gqs0[111
gqs0[119
qs0[127

gsll
gsll
gsll
gsll
gsll
gsil
gsil
gsll
gsll
gs1l
gsll
gsll

7:
15:
23:
31:
39:
47:
55:
63:
71:
79:
87:
95:
gqs1[103:

0]

8]
16]
241
32]
40]
48]
561]
641
721]
801]
88]
96]
:104]
1112]
:120]

0]

8]
16]
241]
32]
40]
48]
561
641]
721
801]
88]
96]

gs1[111:104]
qs1[119:112]
gs1[127:120]
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qso[ 7:
gs0[ 23:
gs@[ 39:
gs@[ 55:
gqso[ 71:
qs@[ 87:
qs0[103:

gqs0[119

gsl[ 7:
gs1[ 23:
gsl[ 39:
gsl[ 55:
gsl[ 71:
gsl[ 87:
gs1[103:

gs1[119

qs@[ 15:
gs@[ 31:
qs0[ 47:
qs0[ 63:
gs@[ 79:
qs0[ 95:

gs0[111
qs0[127

gqsl[ 15:
gsl[ 31:
gs1[ 47:
gsl[ 63:
gs1ll[ 79:
gs1l[ 95:

gs1[111
gs1[127

0]
16]
32]
48]
64]
801
96]
:1112]

0]
16]
32]
48]
64]
801
96]
:112]

8]
24]
40]
56]
72]
88]
11041
:120]

8]
24]
40]
56]
72]
88]
:104]
:1120]
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1.8.210 EE.VZIP.16

Instruction Word

] 11 \ gs1[2:1] \ 1100 \ as1[0] \ qs0[2:0] \ 001110110100

Assembler Syntax
EE.VZIP.16 gs0, gs1

Description

This instruction implements the zip algorithm on 16-bit vector data.

Operation
1 gs@[ 15: @] = gso[ 15: 0l
2 gqso[ 31: 16] = gsi[ 15: 0]
3 qs@[ 47: 32] = gso[ 31: 161
4 qso[ 63: 48] = gsl[ 31: 16]
5 qso[ 79: 64] = gso[ 47: 32]
6 gqs@[ 95: 80] = qgsl1[ 47: 32]
7 gqs0[111: 96] = gs@[ 63: 48]
8 qs0[127:112] = gs1[ 63: 48]
9 gsl[ 15: @] = qgso[ 79: 64]
10 gsl[ 31: 16] = gsi[ 79: 64]
1 gsl[ 47: 32] = gso[ 95: 80l
12 gsl[ 63: 48] = gs1[ 95: 80l
1 gqsl[ 79: 64] = gs0[111: 96]
14 gs1l[ 95: 80] = gs1[111: 961
1s gs1[111: 96] = qgs0[127:112]
16 gqs1[127:112] = gs1[127:112]
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1.8.211

Instruction Word

EE.VZIP.32

] 11 \ gs1[2:1] \ 1100 \ as1[0] \ qs0[2:0] \ 001111000100

Assembler Syntax
EE.VZIP.32 gs0, gs1
Description

This instruction implements the zip algorithm on 32-bit vector data.

Operation

1

2

Espressif Systems

gso[ 31:
gs@[ 63:
gqs@[ 95:
qs0[127:
gs1[ 31:
gsl[ 63:
gsl[ 95:
qs1[127:

0]
32]
64]
96]

0]
32]
64]
96]

gso[ 31:
gs1[ 31:
gqs@[ 63:
gsl[ 63:
gqs@[ 95:
gsl[ 95:
qs0[127:
qs1[127:

0]

0]
32]
32]
641
641
961
961
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1.8.212 EE.VZIP.8

Instruction Word

] 11 \ gs1[2:1] \ 1100 \ as1[0] \ qs0[2:0] \ 001111010100

Assembler Syntax
EE.VZIP.8 gs0, gs1
Description

This instruction implements the zip algorithm on 8-bit vector data.

Operation

1

2

20

21

22

23

24

25

26

27

28

29

30

31

32

gsol
qso[
gsol
qsol
qso[
gsol
qso[
qso[
gsol
qso[
qsol
gsol

7:
15:
23:
31:
39:
47:
55:
63:
71:
79:
87:
95:
qs0[103:

gqs0[111
gqs0[119
qs0[127

gsll
gsll
gsll
gsll
gsll
gsil
gsil
gsll
gsll
gs1l
gsll
gsll

7:
15:
23:
31:
39:
47:
55:
63:
71:
79:
87:
95:
gqs1[103:

0]

8]
16]
241
32]
40]
48]
561]
641
721]
801]
88]
96]
:104]
1112]
:120]

0]

8]
16]
241]
32]
40]
48]
561
641]
721
801]
88]
96]

gs1[111:104]
qs1[119:112]
gs1[127:120]
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qsol
gsll
gsol
gsll
qsol
gsll
qsol
gs1l
qsol
gsll
qsol
gs1l
qsol
gsll
qsol
gsll
qsol
gsll
qsol
gsll
qsol
gs1l
qsol
gsll

7:

7:
15:
15:
23:
23:
31:
31:
39:
39:
47:
47:
55:
55:
63:
63:
71:
71:
79:
79:
87:
87:
95:
95:
qs0[103:
gs1[103:
qs0[111:
gqs1[111:
qs0[119:
gqs1[119:
qs0[127:
qs1[127:

0]
0]
8]
8]
16]
161]
24]
24]
32]
32]
40]
40]
48]
48]
561
561
641
64]
72]
72]
80]
801
88]
881
96]
961
104]
1041]
112]
112]
1201]
120]
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1.8.213 EE.WR_MASK_GPIO_OUT

Instruction Word
011100100100 \ ax[3:0] \ as[3:0] \ 0100 \

Assembler Syntax

EE.WR_MASK_GPIO_OUT as, ax

Description

It is a dedicated CPU GPIO instruction to set specified bits in GPI0_0UT. The lower 8 bits in register ax store the
mask, and the lower 8 bits in register as store the assignment content.

Operation
1 GPIO_OUT[7:0] = (GPIO_OUT[7:0] & ~ax[7:0]) | (asl[7:0] & ax[7:0])
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1.8.214 EE.XORQ

Instruction Word
|11 | gal2:1] | 1101 | qal0] | 011 | qyf2:1] | 01 | ax[2:1] | ayi0] | qx(0] | 0100 |

Assembler Syntax

EE.XORQ ga, gx, ay

Description

This instruction performs a bitwise XOR operation on registers gx and qy and writes the result of the logical
operation to register ga.

Operation
1 ga = gx ~ qy
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1.8.215 EE.ZERO.ACCX

Instruction Word
001001010000100000000100

Assembler Syntax

EE.ZERO.ACCX

Description

This instruction clears the value in special
Operation

1 ACCX = 0
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1.8.216 EE.ZERO.Q

Instruction Word
] 11 \ qal2:1] \ 1101 \ qal0] \ 111111110100100

Assembler Syntax

EE.ZERO.Q ga

Description

This instruction clears the value in register ga to 0.
Operation

1 ga = 0
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1.8.217 EE.ZERO.QACC

Instruction Word
001001010000100001000100 ‘

Assembler Syntax
EE.ZERO.QACC
Description

This instruction clears the values in special registers QACC_L and QACC_H to O.

Operation

1 QACC_L
2 QACC_H

Espressif Systems
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2 ULP Coprocessor (ULP-FSM, ULP-RISC-V)

2.1 Overview

The ULP coprocessor is an ultra-low-power processor that remains powered on when the chip is in Deep-sleep
(see Chapter 10 Low-power Management (RTC_CNTL)). Hence, users can store in RTC memory a program for
the ULP coprocessor to access RTC peripherals, internal sensors, and RTC registers during Deep-sleep.

In power-sensitive scenarios, the main CPU goes to sleep mode to lower power consumption. Meanwhile, the
coprocessor is woken up by ULP timer, and then monitors the external environment or interacts with the external
circuit by controlling peripherals such as RTC GPIO, RTC 12C, SAR ADC, or temperature sensor (TSENS). The
coprocessor wakes the main CPU up once a wakeup condition is reached.

ESP32-S3 |
Enable by ULP or Main CPU
Enablewiti ™| ULP Wakeup ULP Wakeup Main
RTCGPIO! | Timer Coprocessor CPU

T— TSENS

RTC GPIO
TOUCH
ADC
RTC 12C

Monitor/Control

Figure 2-1. ULP Coprocessor Overview

ESP32-S3 has two ULP coprocessors, with one based on RISC-V instruction set architecture (ULP-RISC-V) and
the other on finite state machine (ULP-FSM). Users can choose between the two coprocessors depending on
their needs.

2.2 Features

e Access up to 8 KB of SRAM RTC slow memory for instructions and data

Clocked with 17.5 MHz RTC_FAST_CLK

Support working in normal mode and in monitor mode

Wake up the CPU or send an interrupt to the CPU
e Access peripherals, internal sensors and RTC registers

ULP-FSM and ULP-RISC-V can not be used simultaneously. Users can only choose one of them as the ULP
coprocessor of ESP32-S3. The differences between the two coprocessors are shown in the table below.
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Table 2-1. Comparison of the Two Coprocessors

ULP Coprocessors

Feature
ULP-FSM ULP-RISC-V
Memory (RTC Slow Memory) 8 KB
Work Clock Frequency 17.5 MHz
Wakeup Source ULP Timer

Assist the main CPU to complete some tasks
Normal Mode .
after the chip is woken up.

Work Mode - ,
, Retrieve data from sensors to monitor
Monitor Mode

environment, when the chip is in sleep.
ADC1/ADC2
RTC 12C
Control Low-Power Peripherals RTC GPIO
Touch Sensors

Temperature Sensor
Architecture Programmable FSM RISC-V
Development Special instruction set | Standard C compiler

ULP coprocessor can access the modules in RTC domain via RTC registers. In many cases the ULP
coprocessor can be a good supplement to, or replacement of, the main CPU, especially for power-sensitive
applications. Figure 2-2 shows the overall layout of ESP32-S3 coprocessor.

APB BUS

ridge

s

RTC CNTL REG
RTC Memory RTC IO REG
Arbiter
[2C CTRL S — SARADC REG
b RTC I12C REG

TSENS CTRL [

uLP-FsM - L viux e uLP-RISC-V

SAR CTRL [e—>

ULP Timer

ESP32-S3 RTC

Figure 2-2. ULP Coprocessor Diagram

2.3 Programming Workflow

The ULP-RISC-V is intended for programming using C language. The program in C is then compiled to
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RV32IMC standard instruction code. The ULP-FSM is using custom instructions normally not supported by
high-level programming language. Users develop their programs using ULP-FSM instructions (see Section
2.5.2).

/ ﬁ\\ // / \\\
User /
( Instruction “

\ \ Compiler \ | Code
/—\ \\,,/ ya ” Ve —.\ \\\77/ // Y
Clanguage | > '”(“"Fgf\j’ggf’M”CS)et " ULP-RISC-V
. J N J ~

/N

,'/ \\

User “‘S‘Instruction\‘“

\ | \ Code J

\ |
NN

Instruction Set : > ULP-FSM

(ULP-FSM) ‘

Figure 2-3. Programming Workflow

2.4 ULP Coprocessor Sleep and Weakup Workflow

ULP coprocessor is designed to operate independently of the CPU, while the CPU is either in sleep or
running.

In a typical power-saving scenario, the chip goes to Deep-sleep mode to lower power consumption. Before
setting the chip to sleep mode, users should complete the following operations.

1. Flash the program to be executed by ULP coprocessor into RTC slow memory.
2. Select the working ULP coprocessor by configuring RTC_CNTL_COCPU_SEL.
¢ O: select ULP-RISC-V
¢ 1: select ULP-FSM
3. If ULP-RISC-V is selected as working ULP coprocessor, please
¢ set and reset RTC_CNTL_COCPU_CLK_FO;
e set RTC_CNTL_COCPU_CLKGATE_EN.
4. Set sleep cycles for the timer by configuring RTC_CNTL_ULP_CP_TIMER_1_REG.
5. Enable the timer by software or by RTC GPIO;
* By software: set RTC_CNTL_ULP_CP_SLP_TIMER_EN.

e By RTC GPIO: set RTC_CNTL_ULP_CP_GPIO_WAKEUP_ENA. For more information, see Chapter 10
Low-power Management (RTC_CNTL).

6. Set the system into sleep mode.
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When the system is in Deep-sleep mode:

1. The timer periodically sets the low-power controller (see Chapter 10 Low-power Management (RTC_CNTL))
to Monitor mode and then wakes up the coprocessor.

2. Coprocessor executes some necessary operations, such as monitoring external environment via
low-power sensors.

3. After the operations are finished, the system goes back to Deep-sleep mode.
4. ULP coprocessor goes back to halt mode and waits for next wakeup.

In monitor mode, ULP coprocessor is woken up and goes to halt as shown in Figure 2-4.

Enable \1/1 Z\“J
(DD )

Timer
Expired

time

Run
ULP ' R _ R } ‘ R “ ‘ R
HALT i ! ! i i ! !

Figure 2-4. ULP Sleep and Wakeup Sequence

1. Enable the timer and the timer starts counting.

2. The timer expires and wakes up the ULP coprocessor. ULP coprocessor starts running and executes the
program flashed in RTC slow memory.

3. ULP coprocessor goes to halt and the timer starts counting again.
e Put ULP-RISC-V into HALT: set RTC_CNTL_COCPU_DONE.
e Put ULP-FSM into HALT: execute HALT instruction.

4. Disable the timer by ULP program or by software. ULP coprocessor exits from monitor mode.
e Disabled by software: clear RTC_CNTL_ULP_CP_SLP_TIMER_EN.

¢ Disabled by RTC GPIO: clear RTC_CNTL_ULP_CP_GPIO_WAKEUP_ENA and set
RTC_CNTL_ULP_CP_GPIO_WAKEUP_CLR.

Note:
e [f the timer is enabled by software (RTC GPIO), it should be disabled by software (RTC GPIO).

¢ Before setting ULP-RISC-V to HALT, users should configure RTC_CNTL_COCPU_DONE first, therefore, it
is recommended to end the flashed program with the following pattern:

— Set RTC_CNTL_COCPU_DONE to end the operation of ULP-RISC-V and put it into halt;
- Set RTC_CNTL_COCPU_SHUT_RESET_EN to reset ULP-RISC-V.
Enough time is reserved for the ULP-RISC-V to complete the operations above before it goes to halt.

Figure 2-5 shows the relationship between the signals and register bits.
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Figure 2-5. Control of ULP Program Execution

2.5.1 Features

ULP-FSM is a programmable finite state machine that can work while the main CPU is in Deep-sleep. ULP-FSM
supports instructions for complex logic and arithmetic operations, and also provides dedicated instructions for
RTC controllers or peripherals. ULP-FSM can access up to 8 KB of SRAM RTC slow memory (accessible by the
CPU) for instructions and data. Hence, such memory is usually used to store instructions and share data
between the ULP coprocessor and the CPU. ULP-FSM can be stopped by running HALT instruction.

ULP-FSM has the following features.

e Provides four 16-bit general-purpose registers (RO, R1, R2, and R3) for manipulating data and accessing

memory.

¢ Provides one 8-bit stage count register (Stage_cnt) which can be manipulated by ALU and used in JUMP

instructions.

e Supports built-in instructions specially for direct control of low-power peripherals, such as SAR ADC and

temperature sensor.

2.5.2 Instruction Set
ULP-FSM supports the following instructions.
e ALU: perform arithmetic and logic operations
e | D, ST, REG_RD and REG_WR: load and store data

e JUMP: jump to a certain address
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o WAIT/HALT: manage program execution
e WAKE: wake up CPU or communicate with CPU
e TSENS and ADC: take measurements

Figure 2-6 shows the format of ULP-FSM instructions.

) &P
i &
R X

‘31 28 | 27 0‘

| |

Figure 2-6. ULP-FSM Instruction Format

An instruction, which has one OpCode, can perform various operations, depending on the setting of Operands
bits. A good example is the ALU instruction, which is able to perform 10 arithmetic and logic operations; or the
JUMP instruction, which may be conditional or unconditional, absolute or relative.

Each instruction has a fixed width of 32 bits. A series of instructions can make a program be executed by the
coprocessor. The execution flow inside the program uses 32-bit addressing. The program is stored in a
dedicated region called Slow Memory, which is visible to the main CPU under an address range of 0x5000_0000
to Ox5000_1FFF (8 KB).

2.5.2.1 ALU - Perform Arithmetic and Logic Operations

ALU (Arithmetic and Logic Unit) performs arithmetic and logic operations on values stored in ULP coprocessor
registers, and on immediate values stored in the instruction itself. The following operations are supported.

e Arithmetic: ADD and SUB

e Logic: bitwise logical AND and bitwise logical OR

Bit shifting: LSH and RSH

Moving data to register: MOVE

PC register operations - STAGE_RST, STAGE_INC, and STAGE_DEC

The ALU instruction, which has one OpCode (7), can perform various arithmetic and logic operations, depending
on the setting of the instruction bits [27:21].

Operations Among Registers

& q N
N & & &

‘31 28 | 27 26| 25 | 24 21|20 6|5 413 2(1 0‘

7 0 |

Figure 2-7. Instruction Type — ALU for Operations Among Registers

When bits [27:26] of the instruction in Figure 2-7 are set to 0, ALU performs operations on the data stored in
ULP-FSM registers R[0-3]. The types of operations depend on the setting of the instruction bits ALU_sel[24:21]
presented in Table 2-2.
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Operand Description - see Figure 2-7

Rdst Register R[0-3], destination
Rsrcl Register R[0-3], source
Rsrc2 Register R[0-3], source

ALU_sel  ALU operation selection, see Table 2-2

ALU_sel Instruction Operation Description
0 ADD Rdst = Rsrc1 + Rsre2  Add to register
1 SUB Rdst = Rsrc1 - Rsrc2 Subtract from register
2 AND Rdst = Rsrc1 & Rsre2  Bitwise logical AND of two operands
3 OR Rdst = Rsrc1 | Rsrc2 Bitwise logical OR of two operands
4 MOVE Rdst = Rsrc1 Move to register
5 LSH Rast = Rsrel << Rsrc2  Bit shifting left
6 RSH Rdst = Rsrc1 >> Rsrc2  Bit shifting right

Table 2-2. ALU Operations Among Registers

Note:
e ADD or SUB operations can be used to set or clear the overflow flag in ALU.
e All ALU operations can be used to set or clear the zero flag in ALU.

Operations with Immediate Value

>
52
7

D
» D

Figure 2-8. Instruction Type — ALU for Operations with Immediate Value

When bits [27:26] of the instruction in Figure 2-8 are set to 1, ALU performs operations using register R[0-3] and
the immediate value stored in instruction bits [19:4]. The types of operations depend on the setting of the
instruction bits ALU_sel[24:21] presented in Table 2-3.

Operand Description - see Figure 2-8

Rast Register R[0-3], destination

Rsrc1 Register R[0-3], source

Imm 16-bit signed immediate value

ALU_sel  ALU operation selection, see Table 2-3
Note:

e ADD or SUB operations can be used to set or clear the overflow flag in ALU.
e All ALU operations can be used to set or clear the zero flag in ALU.

Operations with Stage Count Register
S
Aol S

‘31 28|27 26|25|24 21|20 12|11 4|3 0‘
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ALU_sel Instruction Operation Description
0 ADD Rast = Rsre1 +Imm  Add to register
1 SuB Rdst = Rsrc1 - Imm Subtract from register
2 AND Rdst = Rsrc1 & Imm Bitwise logical AND of two operands
3 OR Rast = Rsrc1 | lImm Bitwise logical OR of two operands
4 MOVE Rast = Imm Move to register
5 LSH Rdst = Rsrc1 << Imm  Bit shifting left
6 RSH Rdst = Rsrc1 >>Imm  Bit shifting right

Table 2-3. ALU Operations with Immediate Value

Figure 2-9. Instruction Type — ALU for Operations with Stage Count Register

ALU is also able to increment or decrement by a given value, or reset the 8-bit register Stage_cnt. To do so, bits
[27:26] of instruction in Figure 2-9 should be set to 2. The type of operation depends on the setting of the
instruction bits ALU_sel[24:21] presented in Table 2-9. The Stage_cnt is a separate register and is not a part of
the instruction in Figure 2-9.

Operand Description - see Figure 2-9

Imm 8-bit signed immediate value

ALU_sel ALU operation selection, see Table 2-4

Stage_cnt  Stage count register, a 8-bit separate register used to store variables, such as loop index

ALU_sel Instruction Operation Description
0 STAGE_INC  Stage_cnt = Stage_cnt + Imm  Increment stage count register
1 STAGE_DEC  Stage_cnt = Stage_cnt - Imm  Decrement stage count register
2 STAGE_RST Stage_cnt =0 Reset stage count register

Table 2-4. ALU Operations with Stage Count Register

Note: This instruction is mainly used with JUMPS instruction based on the stage count register to form a stage
count for-loop. For the usage, please refer to the following pseudocode:

STAGE_RST // clear stage count register
STAGE_INC // stage count register ++
{..} // loop body, containing n instructions

JUMPS (step = n, cond = O, threshold = m)  // If the value of stage count register is less than m, then jump to
STAGE_INC, otherwise jump out of the loop. By such way, a cumulative for-loop with threshold m is implemented.

2.5.2.2 ST - Store Data in Memory

90 & © »
SEL & S &£ &
‘31 28|27|26|25|24 21|20 10|9|8 7|6|5 4|3 2|1 O‘
L e [[[] | L I [ 7 |
Figure 2-10. Instruction Type - ST
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Operand Description - see Figure 2-10

Rdst Register R[0-3], address of the destination, expressed in 32-bit words
Rsrc Register R[0-3], 16-bit value to store

label Data label, 2-bit user defined unsigned value

upper 0: write the low half-word; 1: write the high half-word

wr_way 0: write the full-word; 1: with the label; 3: without the label
offset 11-bit signed value, expressed in 32-bit words
wr_auto Enable automatic storage mode
offset_set  Offset enable bit.
0: Do not configure the offset for automatic storage mode.
1: Configure the offset for automatic storage mode.
manul_en  Enable manual storage mode

Automatic Storage Mode

G‘Q/

‘31 28|27 25|24 21|20 10|9 0‘
Lo [ s | | | |

Figure 2-11. Instruction Type - Offset in Automatic Storage Mode (ST-OFFSET)

Operand Description - see Figure 2-11

offset Initial address offset, 11-bit signed value, expressed in 32-bit words
5\
O
& & & &
‘31 28 | 27 25| 24 918 7 6 5 413 2|1 0‘
[ e 1 |

Figure 2-12. Instruction Type - Data Storage in Automatic Storage Mode (ST-AUTO-DATA)

Operand Description - See Figure 2-12

Rdst Register R[0-3], address of the destination, expressed in 32-bit words
Rsrc Register R[0-3], 16-bit value to store
label Data label, 2-bit user defined unsigned value

wr_way 0: write the full-word; 1: with the label; 3: without the label
Description
This mode is used to access continuous addresses. Before using this mode for the first time, please configure
the initial address using ST-OFFSET instruction. Executing the instruction ST-AUTO-DATA will store the 16-bit

data in Rsrc into the memory address Rdst + Offset, see Table 2-5. Write_cnt here indicates the times of the
instruction ST-AUTO-DATA executed.
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wr_way write_cnt Store Data

Operation

0 * Mem [Rdst + Offset]{31:0} = {PC[10:0],3’b0,Label[1:0],Rsrc[15:0]}
1 odd Mem [Rdst + Offset]{15:0} = {Label[1:0],Rsrc[13:0]}

1 even Mem [Rdst + Offset]{31:16} = {Label[1:0],Rscr[13:0]}

3 odd Mem [Rdst + Offset]{15:0} = Rsrc[15:0]}

3 even Mem [Rdst + Offset]{31:16} = Rsrc[15:0]

Table 2-5. Data Storage Type - Automatic Storage Mode

The full-word written to RTC memory is built as follows:

Q
O
& S

N\
o
QC)\{\\ > Y

Write full-word, including
the pointer and the data
Store the data with label

in the low half-word

Store the data with label

in the high half-word

Store the data without label
in the low half-word

Store the data without label
in the high half-word

E

21|20 18|17 16|15

[ o [ |

Bits

bits [15:0]
bits [17:16]
bits [20:18]
bits [31:21]

Note:

Figure 2-13. Data Structure of RTC_SLOW_MEM]I[Rdst + Offset]

Description - See Figure 2-13

store the content of Rsrc

data label, 2-bit user defined unsigned value

3’b0 by default

hold the PC of current instruction, expressed in 32-bit words

¢ When full-word is written, the offset will be automatically incremented by 1 after each ST-AUTO-DATA

execution.

e When half-word is written (low half-word first), the offset will be automatically incremented by 1 after twice
ST-AUTO-DATA execution.

e This instruction can only access 32-bit memory words.

e The “Mem” written is the RTC_SLOW_MEM memory. Address 0, as seen by the ULP coprocessor,
corresponds to address 0x50000000, as seen by the main CPU.

Manual Storage Mode

‘ 31 28

25 | 24 21|20 09 (8 71 6 |5 413

Figure 2-14. Instruction Type - Data Storage in Manual Storage Mode
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Operand Description - See Figure 2-14

Rdst Register R[0-3], address of the destination, expressed in 32-bit words
Rsrc Register R[0-3], 16-bit value to store
label Data label, 2-bit user defined unsigned value

upper 0: Write the low half-word; 1: write the high half-word
wr_way 0: Write the full-word; 1: with the label; 3: without the label
offset 11-bit signed value, expressed in 32-bit words

Description

Manual storage mode is mainly used for storing data into discontinuous addresses. Each instruction needs a

storage address and offset. The detailed storage methods are shown in Table 2-6.

wr_way upper Data

Operation

0 * Mem [Rdst + Offset]{31:0} = {PC[10:0],3’'bO0, Label[1:0],Rsrc[15:0]}
1 0 Mem [Rdst + Offset]{15:0} = {Label[1:0],Rsrc[13:0]}

1 1 Mem [Rdst + Offset]{31:16} = {Label[1:0],Rsrc[13:0]}

3 0 Mem [Rdst + Offset]{15:0} = Rsrc[15:0]

3 1 Mem [Rdst + Offset]{31:16} = Rsrc[15:0]

Table 2-6. Data Storage - Manual Storage Mode

2.5.2.3 LD - Load Data from Memory

&
L
) 2
&7 o@@

Write full-word, including
the pointer and the data
Store the data with label

in the low half-word

Store the data with label

in the high half-word

Store the data without label
in the low half-word

Store the data without label
in the high half-word

‘31 28 | 27 | 26 21|20 10(9

Figure 2-15. Instruction Type - LD

Operand Description - see Figure 2-15

Rdst Register R[0-3], destination
Rsrc Register R[0-3], address of destination memory, expressed in 32-bit words
Offset 11-bit signed value, expressed in 32-bit words

rd_upper  Choose which half-word to read:
1 - read the high half-word
0O - read the low half-word

Description

This instruction loads the low or high 16-bit half-word, depending on rd_upper, from memory with address Rsrc +

offset into the destination register Rdst:

Rdst[15:0] = Mem|[Rsrc + Offset]
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Note:
e This instruction can only access 32-bit memory words.

¢ The “Mem” loaded is the RTC_SLOW_MEM memory. Address 0, as seen by the ULP coprocessor,
corresponds to address 0x50000000, as seen by the main CPU.

2.5.2.4 JUMP - Jump to an Absolute Address

&
&\\QQ) @® \@@ Q\bé\
‘31 28 | 27 26| 25 | 24 22| 21 |20 13 | 12 2|1 0‘
[ s 1 |
Figure 2-16. Instruction Type - JUMP

Operand Description - see Figure 2-16

Rdst Register R[0-3], containing address to jump to (expressed in 32-bit words)

ImmAddr  11-bit address, expressed in 32-bit words

Sel Select the address to jump to:

0 - jump to the address stored in ImmAdadr
1 - jump to the address stored in Rdst
Type Jump type:
0 - make an unconditional jump
1 - jump only if the last ALU operation has set zero flag
2 - jump only if the last ALU operation has set overflow flag

Note:

All jump addresses are expressed in 32-bit words.

Description
The instruction executes a jump to a specified address. The jump can be either unconditional or based on the
ALU flag.

2.5.2.5 JUMPR - Jump to a Relative Address (Conditional upon RO0)

‘(\6b
ol QO(\b i
‘31 28 | 27 26 | 25 18 | 17 16 | 15 0‘
[ e 0 |
Figure 2-17. Instruction Type - JUMPR
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Operand Description - see Figure 2-17
Threshold  Threshold value for condition (see Cond below) to jump
Cond Condition to jump:
0 - jump if RO < Threshold
1 - jump if RO > Threshold
2 - jump if RO = Threshold
Step Relative shift from current position, expressed in 32-bit words:
if Step[7] = O, then PC = PC + Step[6:0]
if Step[7] = 1, then PC = PC - Step[6:0]
Note:
All jump addresses are expressed in 32-bit words.

Description
The instruction executes a jump to a relative address, if the condition is true. The condition is the result of
comparing the RO register value and the Threshold value.

2.5.2.6 JUMPS - Jump to a Relative Address (Conditional upon Stage Count Regis-
ter)

Figure 2-18. Instruction Type - JUMPS

Operand Description - see Figure 2-18
Threshold  Threshold value for condition (see Cond below) to jump
Cond Condition to jump:
1X - jump if Stage_cnt <= Threshold
00 - jump if Stage_cnt < Threshold
01 - jump if Stage_cnt >= Threshold
Step Relative shift from current position, expressed in 32-bit words:
if Step[7] = O, then PC = PC + Step[6:0]
if Step[7] = 1, then PC = PC - Stepl[6:0]
Note:
e For more information about the stage count register, please refer to Section 2.5.2.1.
e All jump addresses are expresses in 32-bit words.

Description
The instruction executes a jump to a relative address if the condition is true. The condition itself is the result of
comparing the value of Stage_cnt (stage count register) and the Threshold value.
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2.5.2.7 HALT - End the Program

‘31 28 | 27 O‘

[ |

Figure 2-19. Instruction Type - HALT

Description
The instruction ends the operation of the ULP-FSM and puts it into power-down mode.

Note:
After executing this instruction, the ULP coprocessor wakeup timer gets started.

2.5.2.8 WAKE - Wake up the Chip

-
o

‘31 28 | 27 26 | 25

\ 9 0 1701

Figure 2-20. Instruction Type - WAKE

Description
This instruction sends an interrupt from the ULP-FSM to the RTC controller.

e |f the chip is in Deep-sleep mode, and the ULP wakeup timer is enabled, the above-mentioned interrupt will
wake up the chip.

e [f the chip is not in Deep-sleep mode, and the ULP interrupt bit RTC_CNTL_ULP_CP_INT_ENA is set in
register RTC_CNTL_INT_ENA_REG, an RTC interrupt will be triggered.

2.5.2.9 WAIT - Wait for a Number of Cycles

O\C}Q)
‘31 28|27 16|15 O‘
I | |
Figure 2-21. Instruction Type - WAIT

Operand Description - see Figure 2-21

Cycles The number of cycles to wait
Description
The instruction will delay the ULP-FSM for a given number of cycles.
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2.5.2.10 TSENS - Take Measurement with Temperature Sensor

§

<

‘31 28 | 27 16 | 15 2(1 0‘

Figure 2-22. Instruction Type - TSENS

Operand Description - see Figure 2-22
Rast Destination Register R[0-3], results will be stored in this register.
Wait_Delay — Number of cycles used to perform the measurement.

Description

Increasing the measurement cycles Wait_Delay helps improve the accuracy and optimize the result. The
instruction performs measurement via temperature sensor and stores the result into a general purpose
register.

2.5.2.11 ADC - Take Measurement with ADC

Figure 2-23. Instruction Type - ADC

Operand Description - see Figure 2-23

Rast Destination Register R[0-3], results will be stored in this register.

Sar_Mux  Enable SAR ADC channel. Channel No. is [Sar_Mux - 1]. For more information, see Chapter
39 On-Chip Sensors and Analog Signal Processing.

Sel Select ADC. 0: select SAR ADCH1; 1: select SAR ADC2, see Table 2-7.

Table 2-7. Input Signals Measured Using the ADC Instruction

Pad/Signal/GPIO Sar_Mux | ADC Selection (Sel)
GPIO1
GPIO2
GPIO3
GPIO4
GPIO5
GPIO6
GPIO7
GPIO8
GPIO9
GPIO10

Sel = 0, select SAR ADCH1

Oolo|~N|lo|o|s~w|ld| =l

—
(@]
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Pad/Signal/GPIO

Sar_Mux | ADC Selection Se/

GPIO11

GPIO12

Sel = 1, select SAR ADC2

GPIO13

GPIO14

XTAL_32k_P

XTAL_32k_N

GPIO17

Sel =1, select SAR ADC2

GPIO18

GPIO19

Oo|lo|~N|lo|jo| o] =l

GPIO20

—_
(@]

2.5.2.12 REG_RD - Read from Peripheral Register

& St

&

10|9 O‘

| |

Figure 2-24. Instruction Type - REG_RD

Operand Description - see Figure 2-24

Adadr Peripheral register address, in 32-bit words
Low Register start bit number
High Register end bit number

Description

The instruction reads up to 16 bits from a peripheral register into a general-purpose register:

RO = REG[Addr][High:Low]
In case of more than 16 bits being requested, i.e. High - Low + 1 > 16, then the instruction will return

[Low+15:Low].

Note:

e This instruction can access registers in RTC_CNTL, RTC_IO, SENS, and RTC_I2C peripherals. Address of
the register, as seen from the ULP coprocessor (addr_ulp), can be calculated from the address of the same

register on the main bus (addr_bus), as follows:

addr_ulp = (addr_bus - DR_REG_RTCCNTL_BASE)/4
e The addr_ulp is expressed in 32-bit words (not in bytes), and value O maps onto the
DR_REG_RTCCNTL_BASE (as seen from the main CPU). Thus, 10 bits of address cover a 4096-byte
range of peripheral register space, including regions DR_REG_RTCCNTL_BASE (0x6000800),
DR_REG_RTCIO_BASE (0x60008400), DR_REG_SENS_BASE (0x60008800), and
DR_REG_RTC_I2C_BASE (0x60008C00). For more information about address mapping, see Section 2.8.

2.5.2.13 REG_WR - Write to Peripheral Register

‘31 28|27 23|22 18|17 10|9 0‘
I | | | |
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Figure 2-25. Instruction Type - REG_WR

Operand Description - see Figure 2-25

Addr
Data
Low
High

Description

Value to write, 8 bits
Register start bit number
Register end bit number

Register address, expressed in 32-bit words

This instruction writes up to 8 bits from an immediate data value into a peripheral register.

REG[AJdr][High:Low] = Data

If more than 8 bits are requested, i.e. High - Low + 1 > 8, then the instruction will pad with zeros the bits above

the eighth bit.

Note:

See notes regarding addr_ulp in Section 2.5.2.12.

2.6 ULP-RISC-V

2.6.1

Features

e Support RV32IMC instruction set

e Thirty-two 32-bit general-purpose registers

e 32-bit multiplier and divider

e Support for interrupts

2.6.2 Multiplier and Divider

ULP-RISC-V has an independent multiplication and division unit. The efficiency of multiplication and division

instructions is shown in the following table.

Table 2-8. Instruction Efficiency

Operation | Instruction Execution Cycle | Instruction Description
Multiply two 32-bit integers and return the lower 32-bit of
MUL 34
the result
Multiply two 32-bit signed integers and return the higher
MULH 66 Py 9 9 9
) 32-bit of the result
Multiply ; , . .
Multiply two 32-bit unsigned integers and return the
MULHU 66 , ,
higher 32-bit of the result
Multiply a 32-bit signed integer with a unsigned integer
MULHSU 66 Py 9 9 9 9

and return the higher 32-bit of the result
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Operation | Instruction Execution Cycle | Instruction Description
Divide a 32-bit integer by a 32-bit integer and return the
DIV 34 .
quotient
Divide a 32-bit unsigned integer by a 32-bit unsigned in-
DIVU 34 ,
Divid teger and return the quotient
ivide
Divide a 32-bit signed integer by a 32-bit signed integer
REM 34 .
and return the remainder
Divide a 32-bit unsigned integer by a 32-bit unsigned in-
REMU 34 ,
teger and return the remainder

2.6.3 ULP-RISC-V Interrupts

2.6.3.1 Introduction

The interrupt controller of ULP-RISC-V is implemented by using a customized instruction set, instead of RISC-V
Privileged ISA specification, aiming to reduce the size of ULP-RISC-V.

2.6.3.2 Interrupt Controller

ULP-RISC-V has 32 interrupt sources, but only four of them are available in the real design, as shown in the table
below, including:

¢ internal sources: INT O ~ INT 2, triggered by internal interrupt events.
e external source: INT 31, triggered by the peripheral interrupts of ESP32-S3.
Type IRQ Triggered by
Internal 0 Internal timer interrupt

Internal 1 EBREAK/ECALL or lllegal Instruction
Internal 2 BUS Error (Unaligned Memory Access)

External 31  RTC peripheral interrupts

Table 2-9. ULP-RISC-V Interrupt Sources

Note:

If illegal instruction interrupt or bus error interrupt is disabled, ULP-RISC-V goes to HALT when the two errors
ocCcur.

ULP-RISC-V provides four 32-bit interrupt registers, Q0 ~ Q3, to handle interrupt service routine (ISR). Table 2-10
shows the function of each register.
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Register Function
Qo Store the returned address. If the interrupt instruction is a
compressed one, the lowest bit of this register will be set.
o Bitmap. If the corresponding bit of an interrupt is set, this
interrupt will trigger its ISR.
Q2 Reserved. An option for ISR to store data.
Qs Reserved. An option for ISR to store data.

Table 2-10. ULP-RISC-V Interrupt Registers
Note:

¢ |f more than one bits in Q1 are set, all the corresponding interrupts will call the same ISR. For such reason,
users need to program ISR to check the interrupt number and execute corresponding program.

o After ULP-RISC-V is reset, all the interrupts are disabled.

2.6.3.3 Interrupt Instructions

All these interrupt instructions are standard R-type instructions, with the same OpCode of customO (0001011).
Figure 2-26 shows the format of standard R-type instructions. Note the fields funct3 (f3) and rs2 are ignored in
these instructions.

6@
& & &
S & & S & O
‘31 25| 24 20|19 15 | 14 12 (11 716 0‘
Figure 2-26. Standard R-type Instruction Format
Instruction: getq rd,gs
This instruction copies the value of Qx into a general purpose register rd.
QOGQ)
Q & & Q & o
‘31 25| 24 20|19 15 | 14 12 (11 6 0‘
\ 0000000 | ——-—-—-— 000XX - XXX 0001011 ‘
Figure 2-27. Interrupt Instruction - getq rd, gs
Operand Description - See Figure 2-27
rd Target general purpose register, holds the value of interrupt register specified by gs.
gs Address of interrupt register Qx.
7 Interrupt instruction number.
Instruction: setq qd,rs
This instruction copies the value of general purpose register rs to Qx.
QOGQ)
Q & & QO & o
‘31 25| 24 20|19 15 | 14 12 (11 6 0‘
\ 0000001 | ————-— XXX - 000XXX 0001011 ‘
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Figure 2-28. Interrupt Instruction - setq qd,rs

Operand Description - See Figure 2-28
Target interrupt register
Source general purpose register, stores the value to be written to interrupt register.

qd
rs
f7

Interrupt instruction number.

Instruction: retirq

This instruction copies the value of Q0 to CPU PC, and enables interrupt again.

Q
ooé
Q & & Q & o
‘ 31 25 | 24 20 | 19 15| 14 12| 11 0 ‘
\ 0000010 | ————— 00000 __ 00000 0001011 ‘

Figure 2-29. Interrupt Instruction - retirq

Operand Description - See Figure 2-29

7

Interrupt instruction number.

Instruction: maskirq rd,rs

This instruction copies the value of Q7 to the register rd, and copies the value of register rs to Q7.

Q

&

@

@
ooé
R

25

20

15

12

0000011

0001011 ‘

Figure 2-30. Interrupt Instruction — Maskirq rd rs

Operand Description - See Figure 2-30

rd
rs
f7

Target general purpose register, stores current value of register Q1.
Source general purpose register, stores the value to be written to Q1.
Interrupt instruction number.

2.6.3.4 RTC Peripheral Interrupts

The interrupts from some sensors, software, and RTC 12C can be routed to ULP-RISC-V. To enable the
interrupts, please set the register SENS_SAR_COCPU_INT_ENA_REG, see Table 2-11.
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Enable bit  Interrupt Description

Triggered when the touch sensor completes
0 TOUCH_DONE_INT
the scan of a channel

Triggered when the touch pad is released

TOUCH_INACTIVE_INT , .
Triggered when the touch pad is touched

2 TOUCH_ACTIVE_INT ,

Triggered when SAR ADC1 completes the
3 SARADC1_DONE_INT , ,

conversion one time

Triggered when SAR ADC2 completes the
4 SARADC2_DONE_INT , ,

conversion one time

Triggered when the temperature sensor
5 TSENS_DONE_INT ,

completes the dump of its data

Triggered when ULP-RISC-V powers on
6 RISCV_START_INT .

and starts working

Triggered by software
! SWINT T'gg d by ti t of S Watchd

riggere imeout of Super Watchdo

SWD_INT ggered by P 9

(SWD)

Triggered by touch pad sampling timeout
9 TOUGCH_TIME_OUT INT riggerec by toueh b ping fimeou

Triggered when touch pad completes an
10 TOUCH_APPROACH_LOOP_DONE_INT ,

APPROACH sampling

Triggered when touch pad completes the
11 TOUCH_SCAN_DONE_INT

scan of the final channel

Table 2-11. ULP-RISC-V Interrupt List

Note:

¢ Besides the above-mentioned interrupts, ULP-RISC-V can also handle the interrupt from RTC_IO by simply
configuring RTC_IO as input mode. Users can configure RTCIO_GPIO_PINA_INT_TYPE to select the
interrupt trigger modes, but only level trigger modes are available. For more details about RTC_IO
configuration, see Chapter 6 10 MUX and GPIO Matrix (GPIO, 10 MUX).

¢ The interrupt from RTC_IO can be cleared by releasing RTC_IO and its source can be read from the register
RTCIO_RTC_GPIO_STATUS_REG.

e The SW_INT interrupt is generated by configuring the register RTC_CNTL_COCPU_SW_INT_TRIGGER.

¢ For the information about RTC 12C interrupts, please refer to Section 2.7.4.

2.7 RTC I12C Controller

ULP coprocessor reads from or writes to external 12C slave devices via RTC 12C controller.

2.7.1 Connecting RTC I12C Signals

SDA and SCL signals can be mapped onto two out of the four GPIO pins, which are identified in Table RTC_MUX
Pad List in Chapter 6 /O MUX and GFPIO Matrix (GFPIO, 10 MUX), using the register
RTCIO_SAR_I2C_IO_REG.
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2.7.2 Configuring RTC I12C

Before ULP coprocessor can communicate using 12C instruction, RTC 12C need to be configured. Configuration
is performed by writing certain timing parameters into the RTC 12C registers. This can be done by the program
running on the main CPU, or by the ULP coprocessor itself.

Note:
The timing parameters are configured in cycles of RTC_FAST_CLK running at 17.5 MHz.

1. Set the low and high SCL half-periods by configuring RTC_I2C_SCL_LOW_PERIOD_REG and
RTC_I2C_SCL
_HIGH_PERIOD_REG in RTC_FAST_CLK cycles (e.g. RTC_I2C_SCL_LOW_PERIOD_REG = 40, RTC_I2C_
SCL_HIGH_PERIOD_REG = 40 for 100 kHz frequency).

2. Set the number of cycles between the SDA switch and the falling edge of SCL by using
RTC_I2C_SDA_DUTY
_REG in RTC_FAST_CLK (e.g. RTC_I2C_SDA_DUTY_REG = 16).

3. Set the waiting time after the START signal by using RTC_I12C_SCL_START_PERIOD_REG (e.g. RTC_I2C
_SCL_START_PERIOD = 30).

4. Set the waiting time before the END signal by using RTC_I2C_SCL_STOP_PERIOD_REG (e.g. RTC_I2C_
SCL_STOP_PERIOD = 44).

5. Set the transaction timeout by using RTC_I2C_TIME_OUT_REG (e.g. RTC_I2C_TIME_OUT_REG = 200).

6. Configure the RTC 12C controller into master mode by setting the bit RTC_I2C_MS_MODE in
RTC_I2C_CTRL
_REG.

7. Configure the address(es) of external slave(s):
e |f ULP-RISC-V or main CPU is used, then write the slave address to SENS_SAR_I2C_CTRL_REG[9:0].
e |f ULP-FSM is used, then write the slave address to SENS_I2C_SLAVE_ADDRn (n: 0-7)

Up to eight slave addresses can be pre-programmed. One of these addresses can then be selected for
each transaction as part of the RTC I12C instruction.

Once RTC 12C is configured, the main CPU or the ULP coprocessor can communicate with the external 12C
devices.

2.7.3 Using RTC 12C

2.7.3.1 Instruction Format

The format of RTC 12C instruction is consistent with that of 12C0/I2C1, see Section 12C CMD Controller in
Chapter 27 12C Coniroller (12C). The only difference is that RTC 12C provides fixed instructions for different
operations, as follows:

e Command 0 ~ Command 1: specifically for 1I2C write operation
e Command 2 ~ Command 6: specifically for 12C read operation

Note: All slave addresses are expressed in 7 bits.
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2.7.3.2 12C_RD - 12C Read Workflow

Preparation for RTC 12C read:

e Configure the instruction list of RTC 12C (see Section CMD_Controller in Chapter 27 12C Controller (12C)),
including instruction order, instruction code, read data number (byte_num), and other information.

e Configure the slave register address by setting the register SENS_SAR_I2C_CTRL[18:11].
e Start RTC 12C transmission by setting SENS_SAR_I2C_START_FORCE and SENS_SAR_I2C_START.

e When an RTC_I2C_RX_DATA_INT interrupt is received, transfer the read data stored in RTC_I2C_RDATA to
SRAM RTC slow memory, or use the data directly.

The 12C_RD instruction performs the following operations (see Figure 2-31):
1. Master generates a START signal.

2. Master sends slave address, with r/w bit set to 0 (“write”). Slave address is obtained from
SENS_I2C_SLAVE_ADDRn.

3. Slave generates ACK.

4. Master sends slave register address.

5. Slave generates ACK.

6. Master generates a repeated START (RSTART) signal.

7. Master sends slave address, with r/w bit set to 1 (“read”).
8. Slave sends one byte of data.

9. Master checks whether the number of transmitted bytes reaches the number set by the current instruction
(byte_num). If yes, master jumps out of the read instruction and sends an NACK signal. Otherwise master
repeats Step 8 and waits for the slave to send the next byte.

10. Master generates a STOP signal and stops reading.

1 2 3 4 5 6 7 8 9 10
Master % Slave Address W Reg Address % Slave Address R g| &
Slave ¢ S Data(n)
Figure 2-31. 12C Read Operation
Note:

The RTC 12C peripheral samples the SDA signals on the falling edge of SCL. If the slave changes SDA in less
than 0.38 ms, the master may receive incorrect data.

2.7.3.3 12C_WR - 12C Write Workflow

Preparation for RTC 12C write:

e Configure RTC I12C instruction list, including instruction order, instruction code, and the data to be written in
byte (byte_num). See the configuration of 1I2C0/I12C1 in Section CMD_Controller in Chapter 27 [2C
Controller (12C).
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e Configure the slave register address by setting the register SENS_SAR_I2C_CTRL[18:11], and the data to

be transmitted in SENS_SAR_I12C_CTRL[26:19].
e Set SENS_SAR_12C_START_FORCE and SENS_SAR_I12C_START to start the transmission.

¢ Update the next data to be transmitted in SENS_SAR_I2C_CTRL[26:19], each time when an
RTC_I2C_TX_DATA_INT interrupt is received.

The I2C_WR instruction performs the following operations, see Figure 2-32.
1. Master generates a START signal.

2. Master sends slave address, with r/w bit set to 0 (“write”). Slave address is obtained from
SENS_I2C_SLAVE_ADDRn.

3. Slave generates ACK.

4. Master sends slave register address.

5. Slave generates ACK.

6. Master generates a repeated START (RSTART) signal.

7. Master sends slave address, with r/w bit set to O (“write”).

8. Master sends one byte of data.

9. Slave generates ACK. Master checks whether the number of transmitted bytes reaches the number set by

the current instruction (byte_num). If yes, master jumps out of the write instruction and starts the next
instruction. Otherwise the master repeats Step 8 and sends the next byte.

10. Master generates a STOP signal and stops the transmission.

1 2 3 4 5 6 7 8 9 10
Master | £ |Slave Address W Reg Address % Slave Address W Data(n) 2
Slave g g g

Figure 2-32. 12C Write Operation

2.7.3.4 Detecting Error Conditions

Applications can query specific bits in the RTC_I2C_INT_ST_REG register to check if the transaction is
successful. To enable checking for specific communication events, their corresponding bits should be set in
register RTC_I2C_INT_ENA_REG. Note that the bit map is shifted by 1. If a specific communication event is

detected and its corresponding bit in register RTC_I2C_INT_ST_REG is set, the event can then be cleared using

register RTC_I2C_INT_CLR_REG.

2.7.4 RTC I12C Interrupts
e RTC_I2C_SLAVE_TRAN_COMP_INT: Triggered when the slave finishes the transaction.
o RTC_I2C_ARBITRATION_LOST_INT: Triggered when the master loses control of the bus.
e RTC_I2C_MASTER_TRAN_COMP_INT: Triggered when the master completes the transaction.

e RTC_I2C_TRANS_COMPLETE_INT: Triggered when a STOP signal is detected.
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2.8 Address Mapping

RTC_I2C_TIME_OUT_INT: Triggered by time out event.
RTC_I2C_ACK_ERR_INT: Triggered by ACK error.
RTC_I12C_RX_DATA_INT: Triggered when data is received.
RTC_I2C_TX_DATA_INT: Triggered when data is transmitted.

RTC_I2C_DETECT_START_INT: Triggered when a START signal is detected.

Table 2-12 shows the address mapping and available base registers for the peripherals accessible by ULP

COProcessors.
Table 2-12. Address Mapping
Peripheral(s) Base Register Main Bus Address | ULP-FSM Base | ULP-RISC-V Base
RTC Control DR_REG_RTCCNTL_BASE 0x60008000 0x8000 0x8000
RTC GPIO DR_REG_RTC_IO_BASE 0x60008400 0x8400 0xA400
ADC, Touch, TSENS | DR_REG_SENS_BASE 0x60008800 0x8800 0xC800
RTC 12C DR_REG_RTC_I2C_BASE 0x60008C00 0x8C00 OXECO00

To find more information about registers for these peripherals, please check the following chapters.

Table 2-13. Description of Registers for Peripherals Accessible by ULP Coprocessors

Registers Available for Peripherals

Described in Which Chapter

Registers for RTC Control

Chapter 10 Low-power Management (RTC_CNTL)

Registers for RTC GPIO

Chapter 6 10 MUX and GPIO Matrix (GPIO, 10 MUX)

Registers for ARC, Touch, TSENS

Chapter 39 On-Chip Sensors and Analog Signal Processing

Registers for RTC 12C

Section 2.9 Register Summary in this chapter

2.9 Register Summary

The following registers are used in ULP coprocessor:

e ULP (ALWAYS_ON) registers: not reset due to power down of RTC_PERI domain. See Chapter 10
Low-power Management (RTC_CNTL).

e ULP (RTC_PERI) registers: reset due to power down of RTC_PERI domain. See Chapter 10 Low-power

Management (RTC_CNTL).

e RTC I12C registers: 12C related registers, including RTC 12C (RTC_PERI) and RTC 12C (12C) registers.

2.9.1 ULP (ALWAYS_ON) Register Summary

The addresses in this section are relative to low-power management base address provided in Table 4-3 in

Chapter 4 System and Memory.
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Name ‘ Description Address | Access
ULP Timer Registers
RTC_CNTL_ULP_CP_TIMER_REG Configure the timer OxO0FC | varies
RTC_CNTL_ULP_CP_TIMER_1_REG Configure sleep cycle of the timer 0x0134 | R/'W
ULP-FSM Register
RTC_CNTL_ULP_CP_CTRL_REG | ULP-FSM configuration register | 0x0100 | R/W
ULP-RISC-V Register
RTC_CNTL_COCPU_CTRL_REG | ULP-RISC-V configuration register | 0x0104 | varies

2.9.2 ULP (RTC_PERI) Register Summary

The addresses in this section are relative to low-power management base address provided in Table 4-3 in

Chapter 4 System and Memory.

Name Description Address | Access
ULP-RISC-V Registers

SENS_ SAR_COCPU_INT_RAW_REG Interrupt raw bit of ULP-RISC-V Ox00E8 | RO
SENS_SAR_COCPU_INT_ENA_REG Interrupt enable bit of ULP-RISC-V Ox00EC | R/W
SENS_SAR_COCPU_INT_ST_REG Interrupt status bit of ULP-RISC-V Ox00F0 | RO
SENS_SAR_COCPU_INT_CLR_REG Interrupt clear bit of ULP-RISC-V Ox00F4 | WO

2.9.3 RTC I12C (RTC_PERI) Register Summary

The addresses in this section are relative to low-power management base address + 0x0800 provided in Table

4-3 in Chapter 4 System and Memory.

Name ‘ Description ‘ Address ‘ Access
RTC 12C Controller Register

SENS_SAR_I2C_CTRL_REG ‘ Configure RTC 12C transmission ‘ 0x0058 ‘ R/W
RTC 12C Slave Address Registers

SENS_SAR_SLAVE_ADDR1_REG Configure slave addresses 0-1 of RTC 12C 0x0040 | R/W
SENS_SAR_SLAVE_ADDR2_REG Configure slave addresses 2-3 of RTC 12C 0x0044 | R/W
SENS_SAR_SLAVE_ADDR3_REG Configure slave addresses 4-5 of RTC 12C 0x0048 | R/W
SENS_SAR_SLAVE_ADDR4_REG Configure slave addresses 6-7 of RTC 12C 0x004C | R/W

2.9.4 RTC I2C (12C) Register Summary

The addresses in this section are relative to low-power management base address + 0xOCOO provided in Table

4-3 in Chapter 4 System and Memory.

Name Description Address | Access

RTC 12C Signal Setting Registers

RTC_I12C_SCL_LOW_REG Configure the low level width of SCL 0x0000 | R/W

RTC_I2C_SCL_HIGH_REG Configure the high level width of SCL 0x0014 | R/W

RTC_I2C_SDA_DUTY_REG Configure the SDA hold time after a negative | Ox0018 | R/W
SCL edge
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Name Description Address | Access
RTC_I2C_SCL_START_PERIOD_REG Configure the delay between the SDA and SCL | Ox001C | R/W

negative edge for a start condition
RTC_I2C_SCL_STOP_PERIOD_REG Configure the delay between SDA and SCL pos- | 0x0020 | R/W

itive edge for a stop condition
RTC 12C Control Registers
RTC_I2C_CTRL_REG Transmission setting 0x0004 | R/W
RTC_I2C_STATUS_REG RTC I12C status 0x0008 | RO
RTC_I2C_TO_REG Configure RTC 12C timeout 0x000C | R/W
RTC_I2C_SLAVE_ADDR_REG Configure slave address 0x0010 | R/W
RTC 12C Interrupt Registers
RTC_I2C_INT_CLR_REG Clear RTC 12C interrupt 0x0024 | WO
RTC_I2C_INT_RAW_REG RTC I12C raw interrupt 0x0028 | RO
RTC_I2C_INT_ST_REG RTC 12C interrupt status 0x002C | RO
RTC_I2C_INT_ENA_REG Enable RTC 12C interrupt 0x0030 | R/W
RTC 12C Status Register
RTC_I2C_DATA_REG RTC 12C read data 0x0034 | varies
RTC 12C Command Registers
RTC_I2C_CMDO_REG RTC 12C Command O 0x0038 | varies
RTC_I2C_CMD1_REG RTC 12C Command 1 0x003C | varies
RTC_I2C_CMD2_REG RTC 12C Command 2 0x0040 | varies
RTC_I2C_CMDS_REG RTC 12C Command 3 0x0044 | varies
RTC_I2C_CMD4_REG RTC 12C Command 4 0x0048 | varies
RTC_I2C_CMD5_REG RTC 12C Command 5 0x004C | varies
RTC_I2C_CMD6_REG RTC 12C Command 6 0x0050 | varies
RTC_I2C_CMD7_REG RTC 12C Command 7 0x0054 | varies
RTC_I2C_CMD8_REG RTC 12C Command 8 0x0058 | varies
RTC_I2C_CMD9_REG RTC 12C Command 9 0x005C | varies
RTC_I2C_CMD10_REG RTC 12C Command 10 0x0060 | varies
RTC_I2C_CMD11_REG RTC 12C Command 11 0x0064 | varies
RTC_I2C_CMD12_REG RTC 12C Command 12 0x0068 | varies
RTC_I2C_CMD13_REG RTC 12C Command 13 0x006C | varies
RTC_I2C_CMD14_REG RTC 12C Command 14 0x0070 | varies
RTC_I2C_CMD15_REG RTC 12C Command 15 0x0074 | varies
Version register
RTC_I2C_DATE_REG Version control register Ox00FC | R/W

2.10 Registers

2.101

ULP (ALWAYS_ON) Registers

The addresses in this section are relative to low-power management base address provided in Table 4-3 in

Chapter 4 System and Memory.
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Register 2.1. RTC_CNTL_ULP_CP_TIMER_REG (0x00FC)

RTC_CNTL_ULP_CP_PC_INIT ULP coprocessor PC initial address. (R/W)

RTC_CNTL_ULP_CP_GPIO_WAKEUP_ENA Enable the option of ULP timer woken up by RTC

GPIO. (R'W)

RTC_CNTL_ULP_CP_GPIO_WAKEUP_CLR Disable the option of ULP timer woken up by RTC

GPIO. (WO)

RTC_CNTL_ULP_CP_SLP_TIMER_EN ULP coprocessor timer enable bit.

timer; 1: Enable hardware timer. (R/W)

0: Disable hardware

Register 2.2. RTC_CNTL_ULP_CP_TIMER_1_REG (0x0134)

200

RTC_CNTL_ULP_CP_TIMER_SLP_CYCLE Set sleep cycles for ULP coprocessor timer. (R/W)
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2 ULP Coprocessor (ULP-FSM, ULP-RISC-V) GoBack

Register 2.3. RTC_CNTL_ULP_CP_CTRL_REG (0x0100)

&

858587
NZENGONGON4
oé\oé\oé\oé\
OO0 %0O7
CEOL &

‘ 31 30|29 | 28 |27 0‘

\oooooooooooooooooooooooooooooooo\Reset

RTC_CNTL_ULP_CP_CLK_FO ULP-FSM clock force on. (R/W)
RTC_CNTL_ULP_CP_RESET ULP-FSM clock software reset. (R/W)
RTC_CNTL_ULP_CP_FORCE_START_TOP Write 1 to start ULP-FSM by software. (R/W)

RTC_CNTL_ULP_CP_START_TOP Write 1 to start ULP-FSM. (R/W)
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2 ULP Coprocessor (ULP-FSM, ULP-RISC-V) GoBack
Register 2.4. RTC_CNTL_COCPU_CTRL_REG (0x0104)
@)
O
& < Q )
S & £ S $ &
Ko & & v < < <
\l—Q $> %Q/O%(O((y §/ §/ \33& ??\ ??\ &
7S Q0 Q7 S S S o
Q/\)/\)/\)/Q/Q/ \)/ Q/ NY Q/ \)/
F K KK 3 & K & 3
90 90 90 90 9 OO 90 90 90 9O 9O
N\ KQ7KQ QAKX QK N\ Qv Q7 Qv N\
s& 90 0o e S0 )
& L & &8 & &
‘31 28|27|26|25|24|23|22|21 14|13|12 7|6 1|0‘
\oooooqooopo|o|o|1|o| 40 |0| 16 | 8 |O\Reset

RTC_CNTL_COCPU_CLK_FO ULP-RISC-V clock force on. (R/W)

RTC_CNTL_COCPU_START_2_RESET_DIS Time from ULP-RISC-V startup to pull down reset.
(R/W)

RTC_CNTL_COCPU_START_2_INTR_EN Time from ULP-RISC-V startup to send out
RISCV_START_INT interrupt. (R/W)

RTC_CNTL_COCPU_SHUT Shut down ULP-RISC-V. (R/W)

RTC_CNTL_COCPU_SHUT_2_CLK_DIS Time from shut down ULP-RISC-V to disable clock. (R/W)

RTC_CNTL_COCPU_SHUT_RESET_EN This bit is used to reset ULP-RISC-V. (R/W)
RTC_CNTL_COCPU_SEL O0: select ULP-RISC-V; 1: select ULP-FSM. (R/W)

RTC_CNTL_COCPU_DONE_FORCE 0: select ULP-FSM DONE signal; 1: select ULP-RISC-V
DONE signal. (R/W)

RTC_CNTL_COCPU_DONE DONE signal. Write 1 to this bit, ULP-RISC-V will go to HALT and the
timer starts counting. (R/W)

RTC_CNTL_COCPU_SW_INT_TRIGGER Trigger ULP-RISC-V register interrupt. (WO)

RTC_CNTL_COCPU_CLKGATE_EN Enable ULP-RICS-V clock gate. (WO)

2.10.2 ULP (RTC_PERI) Registers

The addresses in this section are relative to low-power management base address provided in Table 4-3 in
Chapter 4 System and Memory.
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2 ULP Coprocessor (ULP-FSM, ULP-RISC-V) GoBack

Register 2.5. SENS_ SAR_COCPU_INT_RAW_REG (0x00ES8)

B

[o

oo o [ e [-1+[-]7]

oooooooooooooooooooooo|o|o|o|o|o

SENS_COCPU_TOUCH_DONE_INT_RAW TOUCH_DONE_INT interrupt raw bit. (RO)
SENS_COCPU_TOUCH_INACTIVE_INT_RAW TOUCH_INACTIVE_INT interrupt raw bit. (RO)
SENS_COCPU_TOUCH_ACTIVE_INT_RAW TOUCH_ACTIVE_INT interrupt raw bit. (RO)
SENS_COCPU_SARADC1_INT_RAW SARADC1_DONE_INT interrupt raw bit. (RO)
SENS_COCPU_SARADC2_INT_RAW SARADC2_DONE_INT interrupt raw bit. (RO)
SENS_COCPU_TSENS_INT_RAW TSENS_DONE_INT interrupt raw bit. (RO)
SENS_COCPU_START_INT_RAW RISCV_START_INT interrupt raw bit. (RO)
SENS_COCPU_SW_INT_RAW SW_INT interrupt raw bit. (RO)
SENS_COCPU_SWD_INT_RAW SWD_INT interrupt raw bit. (RO)
SENS_COCPU_TOUCH_TIMEOUT_INT_RAW TOUCH_TIME_OUT interrupt raw bit. (RO)

SENS_COCPU_TOUCH_APPROACH_LOOP_DONE_INT_RAW TOUCH_APPROACH_LOOP_DONE_INT
interrupt raw bit. (RO)

SENS_COCPU_TOUCH_SCAN_DONE_INT_RAW TOUCH_SCAN_DONE_INT interrupt raw bit.
(RO)
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2 ULP Coprocessor (ULP-FSM, ULP-RISC-V) GoBack

Register 2.6. SENS_SAR_COCPU_INT_ENA_REG (0x00EC)

62082 K S c?oooé?\)é?\)é?\)é?\)
(@& FELCEEC PP LS &

(o RN o Lo T o YA o YA oo YA oo YA oo YA o YA Y= Y= 4
o N e S S S S S N SF S
& FELLLLLLLL £ &

B

12| 11 | 10 9 8 7 6 5 4 3 2 1 0

[o

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO‘Reset

SENS_COCPU_TOUCH_DONE_INT_ENA TOUCH_DONE_INT interrupt enable bit. (R/W)
SENS_COCPU_TOUCH_INACTIVE_INT_ENA TOUCH_INACTIVE_INT interrupt enable bit. (R/W)
SENS_COCPU_TOUCH_ACTIVE_INT_ENA TOUCH_ACTIVE_INT interrupt enable bit. (R/W)
SENS_COCPU_SARADC1_INT_ENA SARADC1_DONE_INT interrupt enable bit. (R/W)
SENS_COCPU_SARADC2_INT_ENA SARADC2_DONE_INT interrupt enable bit. (R/W)
SENS_COCPU_TSENS_INT_ENA TSENS_DONE_INT interrupt enable bit. (R/W)
SENS_COCPU_START_INT_ENA RISCV_START_INT interrupt enable bit. (R/W)
SENS_COCPU_SW_INT_ENA SW_INT interrupt enable bit. (R/W)
SENS_COCPU_SWD_INT_ENA SWD_INT interrupt enable bit. (R/W)
SENS_COCPU_TOUCH_TIMEOUT_INT_ENA TOUCH_TIME_OUT interrupt enable bit. (R/W)

SENS_COCPU_TOUCH_APPROACH_LOOP_DONE_INT_ENA TOUCH_APPROACH_LOOP_DONE_INT
interrupt enable bit. (R/W)

SENS_COCPU_TOUCH_SCAN_DONE_INT_ENA TOUCH_SCAN_DONE_INT interrupt enable bit.
(R/W)
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2 ULP Coprocessor (ULP-FSM, ULP-RISC-V) GoBack

Register 2.7. SENS_SAR_COCPU_INT_ST_REG (0x00F0)

e@& S OOO§OOOQOOQO
‘31 12| 11 | 10 | 9 | 8 | 3 | 2 | 1 | 0 ‘

[o]=]-]
\ooooooooooooooooooooooo|0|0|o|o|o|o|o|o|0|0|0|0\Reset

SENS_COCPU_TOUCH_DONE_INT_ST TOUCH_DONE_INT interrupt status bit. (RO)
SENS_COCPU_TOUCH_INACTIVE_INT_ST TOUCH_INACTIVE_INT interrupt status bit. (RO)
SENS_COCPU_TOUCH_ACTIVE_INT_ST TOUCH_ACTIVE_INT interrupt status bit. (RO)
SENS_COCPU_SARADC1_INT_ST SARADC1_DONE_INT interrupt status bit. (RO)
SENS_COCPU_SARADC2_INT_ST SARADC2_DONE_INT interrupt status bit. (RO)
SENS_COCPU_TSENS_INT_ST TSENS_DONE_INT interrupt status bit. (RO)
SENS_COCPU_START_INT_ST RISCV_START_INT interrupt status bit. (RO)
SENS_COCPU_SW_INT_ST SW_INT interrupt status bit. (RO)
SENS_COCPU_SWD_INT_ST SWD_INT interrupt status bit. (RO)
SENS_COCPU_TOUCH_TIMEOUT_INT_ST TOUCH_TIME_OUT interrupt status bit. (RO)

SENS_COCPU_TOUCH_APPROACH_LOOP_DONE_INT_ST TOUCH_APPROACH_LOOP_DONE_INT
interrupt status bit. (RO)

SENS_COCPU_TOUCH_SCAN_DONE_INT_ST TOUCH_SCAN_DONE_INT interrupt status bit.
(RO)
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2 ULP Coprocessor (ULP-FSM, ULP-RISC-V) GoBack

Register 2.8. SENS_SAR_COCPU_INT_CLR_REG (0x00F4)

LK
S O ETE S E O S S
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Si 7977 DT DD DT DD DT D7 O
S S S e A s A ST
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|
\o 0 00O00DO0OOOOOOOOGO OGO OGO OT O0TOO o|0|0|o|o|o|o|o|o|0|0|0|0\Reset

SENS_COCPU_TOUCH_DONE_INT_CLR TOUCH_DONE_INT interrupt clear bit. (WO)
SENS_COCPU_TOUCH_INACTIVE_INT_CLR TOUCH_INACTIVE_INT interrupt clear bit. (WO)
SENS_COCPU_TOUCH_ACTIVE_INT_CLR TOUCH_ACTIVE_INT interrupt clear bit. (WO)
SENS_COCPU_SARADC1_INT_CLR SARADC1_DONE_INT interrupt clear bit. (WO)
SENS_COCPU_SARADC2_INT_CLR SARADC2_DONE_INT interrupt clear bit. (WO)
SENS_COCPU_TSENS_INT_CLR TSENS_DONE_INT interrupt clear bit. (WO)
SENS_COCPU_START_INT_CLR RISCV_START_INT interrupt clear bit. (WO)
SENS_COCPU_SW_INT_CLR SW_INT interrupt clear bit. (WO)
SENS_COCPU_SWD_INT_CLR SWD_INT interrupt clear bit. (WO)
SENS_COCPU_TOUCH_TIMEOUT_INT_CLR TOUCH_TIME_OUT interrupt clear bit. (WO)

SENS_COCPU_TOUCH_APPROACH_LOOP_DONE_INT_CLR TOUCH_APPROACH_LOOP_DONE_INT
interrupt clear bit. (WO)

SENS_COCPU_TOUCH_SCAN_DONE_INT_CLR TOUCH_SCAN_DONE_INT interrupt clear bit.
(WO)

2.10.3 RTC I2C (RTC_PERI) Registers

The addresses in this section are relative to low-power management base address + 0x0800 provided in Table
4-3 in Chapter 4 System and Memory.
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2 ULP Coprocessor (ULP-FSM, ULP-RISC-V) GoBack

Register 2.9. SENS_SAR_I2C_CTRL_REG (0x0058)

<

&

NN

ég‘??\ég‘?g\ &Q&
e’ &’
Q‘é\ %??\/?g\/ %?g\/
& $%° &
‘31 30|29|28|27 0‘

[o ofo]o] 0 |Reset

SENS_SAR_I2C_CTRL RTC I2C control data; active only when SENS_SAR_[2C_START _FORCE =
1. (RW)

SENS_SAR_I2C_START Start RTC 12C; active only when SENS_SAR_I2C_START_FORCE = 1.
(R/W)

SENS_SAR_I2C_START_FORCE 0: RTC I2C started by FSM; 1: RTC 12C started by software. (R/W)

Register 2.10. SENS_SAR_SLAVE_ADDR1_REG (0x0040)

Q N
s s
P P
2 K
N8 N3
S O/ 7
@Q\Q) %%\?/ é%\j/
& & &
\o 0000 O0OO0OT 0O X0 0x0 \Reset
SENS_I2C_SLAVE_ADDR1 RTC I2C slave address 1. (R/W)
SENS_I2C_SLAVE_ADDRO RTC I2C slave address 0. (R/W)
Register 2.11. SENS_SAR_SLAVE_ADDR2_REG (0x0044)
Q >
s s
P v
K N2
g N3
S O/ 7
Q?\Q) é%gb e%\j/
& 2% %
\o 0000 00O 0O X0 0x0 \Reset
SENS_I2C_SLAVE_ADDR3 RTC I12C slave address 3. (R/W)
SENS_I2C_SLAVE_ADDR2 RTC I2C slave address 2. (R/W)
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2 ULP Coprocessor (ULP-FSM, ULP-RISC-V) GoBack

Register 2.12. SENS_SAR_SLAVE_ADDR3_REG (0x0048)

™ "o}
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AQ/ Q((/

N3 Na
& O/ Q/
@Q\Q) %%\?/ é%\j/
& & &
\o 0000 O0O0UOT 0O 0x0 0x0 \Reset
SENS_I2C_SLAVE_ADDRS RTC I2C slave address 5. (R/W)
SENS_I2C_SLAVE_ADDR4 RTC I12C slave address 4. (R/W)
Register 2.13. SENS_SAR_SLAVE_ADDR4_REG (0x004C)

© A\
N sF
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b’\ O/ Q/
Q?\Q) é%sw/ e%\j/
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\o 0 0000 0O 0GO 0O O 0x0 0x0 \Reset

SENS_I2C_SLAVE_ADDR7 RTC 12C slave address 7. (R/W)

SENS_I2C_SLAVE_ADDR6 RTC I12C slave address 6. (R/W)

2.10.4 RTC I12C (12C) Registers

The addresses in this section are relative to low-power management base address + 0xOCOO provided in Table
4-3 in Chapter 4 System and Memory.

Register 2.14. RTC_I2C_SCL_LOW_REG (0x0000)

Q
@)
&
@/
54
%C)
5 .
5
& &
‘31 20|19 0‘
\oooooooooooo| 0x100 \Reset

RTC_I2C_SCL_LOW_PERIOD This register is used to configure how many clock cycles SCL remains
low. (R/W)
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2 ULP Coprocessor (ULP-FSM, ULP-RISC-V) GoBack

Register 2.15. RTC_I2C_SCL_HIGH_REG (0x0014)

&
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\2\/
9
\//
&9
R 07
5
& &
‘31 20 | 19 0‘
‘OOOOOOOOOOOO 0x100 ‘Reset

RTC_I2C_SCL_HIGH_PERIOD This register is used to configure how many cycles SCL remains high.

(R'W)
Register 2.16. RTC_I2C_SDA_DUTY_REG (0x0018)
Q
o
Q\)
o
I %
5 o
@ &
‘31 20|19 0‘
\oooooooooooo| 0x010 \Reset

RTC_I2C_SDA _DUTY_NUM The number of clock cycles between the SDA switch and the falling
edge of SCL. (R/W)

Register 2.17. RTC_I2C_SCL_START_PERIOD_REG (0x001C)

Q
QO
&
%
Q\
%/)\‘?
/'
%C)
5 .
e
& &
‘31 20 | 19 0‘
\oooooooooooo 8 \Reset

RTC_I2C_SCL_START_PERIOD Number of clock cycles to wait after generating a start condition.
R/W)
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2 ULP Coprocessor (ULP-FSM, ULP-RISC-V) GoBack

Register 2.18. RTC_I2C_SCL_STOP_PERIOD_REG (0x0020)

Q
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o7
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S
& &7
0 07
Q&
N e
‘31 2o|19 0‘
\oooooooooooo| 8 \Reset

RTC_I2C_SCL_STOP_PERIOD Number of clock cycles to wait before generating a stop condition.

(RW)
Register 2.19. RTC_I2C_CTRL_REG (0x0004)
&
&
&7 N
R NS 0
\1_9 &, Q\%«??\Q/ oK
S DA AN PP
D (0707 D 0760707070700 7
O T @ & MRV
\@% Q’SQ Q’SQ ‘Q‘e Q’SQ &Q &Q &Q &Q U
‘31|30|29|28 6| 5 4|3|2|1 0‘

RTC_I2C_SDA_FORCE_OUT SDA output mode. O: open drain; 1: push pull. (R/W)
RTC_I2C_SCL_FORCE_OUT SCL output mode. O: open drain; 1: push pull. (R/W)
RTC_I2C_MS_MODE Set this bit to configure RTC 12C as a master. (R/W)
RTC_I2C_TRANS_START Set this bit to 1, RTC 12C starts sending data. (R/W)

RTC_I2C_TX_LSB_FIRST This bit is used to control the sending mode. O: send data from the most
significant bit; 1: send data from the least significant bit. (R/W)

RTC_I2C_RX_LSB_FIRST This bit is used to control the storage mode for received data. O: receive
data from the most significant bit; 1: receive data from the least significant bit. (R/W)

RTC_I2C_CTRL_CLK_GATE_EN RTC I12C controller clock gate. (R/W)

RTC_I2C_RESET RTC I12C software reset. (R/W)
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2 ULP Coprocessor (ULP-FSM, ULP-RISC-V) GoBack

Register 2.20. RTC_I2C_STATUS_REG (0x0008)
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o[o]o]o]o|Reset

RTC_I2C_ACK_REC The received ACK value. 0: ACK; 1: NACK. (RO)
RTC_I2C_SLAVE_RW 0: master writes to slave; 1: master reads from slave. (RO)
RTC_I2C_ARB_LOST When the RTC I12C loses control of SCL line, the register changes to 1. (RO)

RTC_I2C_BUS_BUSY 0: RTC I2C bus is inidle state; 1: RTC 12C bus is busy transferring data. (RO)

RTC_I2C_SLAVE_ADDRESSED When the address sent by the master matches the address of the
slave, then this bit will be set. (RO)

RTC_I2C_BYTE_TRANS This field changes to 1 when one byte is transferred. (RO)

RTC_I2C_OP_CNT Indicate which operation is working. (RO)

Register 2.21. RTC_I2C_TIMEOUT_REG (0x000C)

N
&
K
N
) o0
& ¥
& &
‘ 31 20| 19 0 ‘
‘ o 0o o 0 0o 0 0O 0 0o 0o o0 o 0x10000 ‘ Reset

RTC_I2C_TIMEOUT Timeout threshold. (R/W)

Register 2.22. RTC_I2C_SLAVE_ADDR_REG (0x0010)

RTC_I2C_ADDR_10BIT_EN This field is used to enable the slave 10-bit addressing mode. (R/W)
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2 ULP Coprocessor (ULP-FSM, ULP-RISC-V) GoBack

Register 2.23. RTC_I2C_INT_CLR_REG (0x0024)

@QJ@ O OO KOKOKO
&

|

[ofrfefefe]s]2]"]
ooooooooooooooooooooo0|0|0|o|o|0|0|0|0|o\Rese»c

RTC_I2C_SLAVE_TRAN_COMP_INT_CLR RTC_I2C_SLAVE_TRAN_COMP_INT interrupt clear bit.
(WO)

RTC_I2C_ARBITRATION_LOST_INT_CLR RTC_I2C_ARBITRATION_LOST_INT interrupt clear bit.
(WO)

RTC_I2C_MASTER_TRAN_COMP_INT_CLR RTC_I2C_MASTER_TRAN_COMP_INT interrupt
clear bit. (WO)

RTC_I2C_TRANS_COMPLETE_INT_CLR RTC_I2C_TRANS_COMPLETE_INT interrupt clear bit.
(WO)

RTC_I2C_TIMEOUT_INT_CLR RTC_I2C_TIMEOUT_INT interrupt clear bit. (WO)
RTC_I2C_ACK_ERR_INT_CLR RTC_I2C_ACK_ERR_INT interrupt clear bit. (WO)
RTC_I2C_RX_DATA_INT_CLR RTC_I2C_RX_DATA_INT interrupt clear bit. (WO)
RTC_I2C_TX_DATA_INT_CLR RTC_I2C_TX_DATA_INT interrupt clear bit. (WO)

RTC_I2C_DETECT_START_INT_CLR RTC_I2C_DETECT_START_INT interrupt clear bit. (WO)
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2 ULP Coprocessor (ULP-FSM, ULP-RISC-V) GoBack

Register 2.24. RTC_I2C_INT_RAW_REG (0x0028)

RTC_I2C_SLAVE_TRAN_COMP_INT_RAW RTC_I2C_SLAVE_TRAN_COMP_INT interrupt raw bit.
(RO)

RTC_I2C_ARBITRATION_LOST_INT_RAW RTC_I2C_ARBITRATION_LOST_INT interrupt raw bit.
(RO)

RTC_I2C_MASTER_TRAN_COMP_INT_RAW RTC_|2C_MASTER_TRAN_COMP_INT interrupt raw
bit. (RO)

RTC_I2C_TRANS_COMPLETE_INT_RAW RTC_I2C_TRANS_COMPLETEL_INT interrupt raw bit.
(RO)

RTC_I2C_TIMEOUT_INT_RAW RTC_I2C_TIMEOUT_INT interrupt raw bit. (RO)
RTC_I2C_ACK_ERR_INT_RAW RTC_I2C_ACK_ERR_INT interrupt raw bit. (RO)
RTC_I2C_RX_DATA_INT_RAW RTC_I2C_RX_DATA_INT interrupt raw bit. (RO)
RTC_I2C_TX_DATA_INT_RAW RTC_I2C_TX_DATA_INT interrupt raw bit. (RO)

RTC_I2C_DETECT_START_INT_RAW RTC_I2C_DETECT_START_INT interrupt raw bit. (RO)
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2 ULP Coprocessor (ULP-FSM, ULP-RISC-V) GoBack

Register 2.25. RTC_I2C_INT_ST_REG (0x002C)
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RTC_I2C_SLAVE_TRAN_COMP_INT_ST RTC_I2C_SLAVE_TRAN_COMP_INT interrupt status bit.
(RO)
RTC_I2C_ARBITRATION_LOST_INT_ST RTC_I2C_ARBITRATION_LOST_INT interrupt status bit.
(RO)
RTC_I2C_MASTER_TRAN_COMP_INT_ST RTC_I2C_MASTER_TRAN_COMP_INT interrupt status
bit. (RO)
RTC_I2C_TRANS_COMPLETE_INT_ST RTC_I2C_TRANS_COMPLETE_INT interrupt status bit.
(RO)
RTC_I2C_TIMEOUT_INT_ST RTC_I2C_TIMEOUT_INT interrupt status bit. (RO)
RTC_I2C_ACK_ERR_INT_ST RTC_I2C_ACK_ERR_INT interrupt status bit. (RO)
RTC_I2C_RX_DATA_INT_ST RTC_I2C_RX_DATA_INT interrupt status bit. (RO)
RTC_I2C_TX_DATA_INT_ST RTC_I2C_TX_DATA_INT interrupt status bit. (RO)
RTC_I2C_DETECT_START_INT_ST RTC_I2C_DETECT_START_INT interrupt status bit. (RO)
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Register 2.26. RTC_I2C_INT_ENA_REG (0x0030)

o
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@

(o]
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

0 ‘Reset

RTC_I2C_SLAVE_TRAN_COMP_INT_ENA RTC_[2C_SLAVE_TRAN_COMP_INT interrupt enable
bit. (R/W)

RTC_I2C_ARBITRATION_LOST_INT_ENA RTC_I2C_ARBITRATION_LOST_INT interrupt enable bit.
(R/W)

RTC_I2C_MASTER_TRAN_COMP_INT_ENA RTC_I2C_MASTER_TRAN_COMP_INT interrupt en-
able bit. (R/W)

RTC_I2C_TRANS_COMPLETE_INT_ENA RTC_I2C_TRANS_COMPLETE_INT interrupt enable bit.
(R/W)

RTC_I2C_TIMEOUT_INT_ENA RTC_I2C_TIMEOUT_INT interrupt enable bit. (R/W)
RTC_I2C_ACK_ERR_INT_ENA RTC_I2C_ACK_ERR_INT interrupt enable bit. (R/W)
RTC_I2C_RX_DATA_INT_ENA RTC_I2C_RX_DATA_INT interrupt enable bit. (R/W)
RTC_I2C_TX_DATA_INT_ENA RTC_I2C_TX_DATA_INT interrupt enable bit. (R/W)

RTC_I2C_DETECT_START_INT_ENA RTC_I2C_DETECT_START_INT interrupt enable bit. (R/W)

Register 2.27. RTC_I2C_DATA_REG (0x0034)

\?zg?‘
Q/ Q// «?\
<)o% @\YA X
o7 S 7 7

oS s 8 Y
& N & &
‘31|30 16|15 8|7 0‘
\ 0 |o 0O 000 00 O0GOT OO OO0 0 O o| 0x0 | 0x0 \Reset

RTC_I2C_RDATA Data received. (RO)

RTC_I2C_SLAVE_TX_DATA The data sent by slave. (R/W)

RTC_I2C_DONE RTC I2C transmission is done. (RO)
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Register 2.28. RTC_I2C_CMDO0_REG (0x0038)

&
Q?O QO
S S
X N
N >
S
N
. &7 Q)&@é . &7
/ 7/
K \@? &
‘ 31 |30 14 | 13 0‘
‘ ofo o 0 0O OO0 00O OO 0O 0 0 0 0 o0 o 0x903 ‘Reset

RTC_I2C_COMMANDO Content of command 0. For more information, please refer to the register
[2C_COMDO_REG in Chapter 12C Controller. (R/W)

RTC_I2C_COMMANDO_DONE When command O is done, this bit changes to 1. (RO)

Register 2.29. RTC_I2C_CMD1_REG (0x003C)

%‘o
S N
S &
N N
& >
O O
Q7 ) s
oy 5 oy
S5
& N &
‘ 31 | 30 14 | 13 0 ‘
\ 0 |o 0O 00000 O0UOTO OU OO OUOTO OO0 O o| 0x1901 \Reset

RTC_I2C_COMMAND1 Content of command 1. For more information, please refer to the register
12C_COMD1_REG in Chapter 12C Controller. (R/W)

RTC_I2C_COMMAND1_DONE When command 1 is done, this bit changes to 1. (RO)

Register 2.30. RTC_I2C_CMD2_REG (0x0040)

&
oS 9
S =
N N
S >
O
.
. &7 Q,&Q’G . &7
/ 5 4
& N &
‘ 31 |30 14 | 13 0‘
‘ o/jo o o o o o o o 0o o0 0 0 0 0 0 O 0x902 ‘Reset

RTC_I2C_COMMAND2 Content of command 2. For more information, please refer to the register
12C_COMD2_REG in Chapter 12C Controller. (R/W)

RTC_I2C_COMMAND2_DONE When command 2 is done, this bit changes to 1. (RO)
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Register 2.31. RTC_I2C_CMD3_REG (0x0044)

&
Q,?O O
S S
X N
N >
S
N
. &7 Q)&@é . &7
7/ 7/
K \@? &
‘ 31 |30 14 | 13 0‘
‘ o/jo o o o o o o oo o0 0 0 0 0 0 O 0x101 ‘Reset

RTC_I2C_COMMAND3 Content of command 3. For more information, please refer to the register
[2C_COMDG_REG in Chapter 12C Controller. (R/W)

RTC_I2C_COMMAND3_DONE When command 3 is done, this bit changes to 1. (RO)

Register 2.32. RTC_I2C_CMD4_REG (0x0048)

&
Q%
O\></ Qb(
& e
N N
& >
O O
Q7 ) s
oy 5 oy
S5
& N &
‘ 31 | 30 14 | 13 0 ‘
\ 0 |o 0O 00000 O0UOTO OU OO OUOTO OO0 O o| 0x901 \Reset

RTC_I2C_COMMAND4 Content of command 4. For more information, please refer to the register
12C_COMD4_REG in Chapter 12C Controller. (R/W)

RTC_I2C_COMMAND4_DONE When command 4 is done, this bit changes to 1. (RO)

Register 2.33. RTC_I2C_CMD5_REG (0x004C)

¥
J
> °
S &
N\ N
5 >
S
.
) &7 Q)&Qp . &
/ 5 4
& N &
‘ 31 | 30 14 | 13 0 ‘
‘ o/jo o o o o oo 0o o000 0 0 0 o0 o 0x1701 ‘Reset

RTC_I2C_COMMANDS5 Content of command 5. For more information, please refer to the register
12C_COMD5_REG in Chapter 12C Controller. (R/W)

RTC_I2C_COMMAND5_DONE When command 5 is done, this bit changes to 1. (RO)
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Register 2.34. RTC_I2C_CMD6_REG (0x0050)

&
@90 ©
S &
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S >
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O\q/O/ Q)&Q)b O\Q/ ;
/ 7/
< \@? Q'§
‘31 30 14 | 13 0‘
‘ ofb o o o o o o o ob0O0O O O O 0 0 o 0x1901 ‘Reset

RTC_I2C_COMMAND6 Content of command 6. For more information, please refer to the register
12C_COMDG6_REG in Chapter 12C Controller. (R/W)

RTC_I2C_COMMANDG6_DONE When command 6 is done, this bit changes to 1. (RO)

Register 2.35. RTC_I2C_CMD7_REG (0x0054)

Oéo
/\9 A
S &
N N
& >
O O
Q7 ) s
oy & oy
S5
& N &
‘ 31 | 30 14 | 13 0 ‘
\ 0 |o 0O 00000 O0UOTO OU OO OUOTO OO0 O o| 0x904 \Reset

RTC_I2C_COMMAND7 Content of command 7. For more information, please refer to the register
12C_COMD7_REG in Chapter 12C Controller. (R/W)

RTC_I2C_COMMAND7_DONE When command 7 is done, this bit changes to 1. (RO)

Register 2.36. RTC_I2C_CMD8_REG (0x0058)

&
%90 Ne)
S =
Q N
N >
S . .
. &7 Q,&Q’G . &7
/ X 7/
& N &
‘ 31 |30 14 | 13 0‘
‘ ofo 0o 0 0O 00 00 00O OO 0 0 0 0 o 0x1901 ‘Reset

RTC_I2C_COMMANDS8 Content of command 8. For more information, please refer to the register
12C_COMD8_REG in Chapter 12C Controller. (R/W)

RTC_I2C_COMMANDS8_DONE When command 8 is done, this bit changes to 1. (RO)
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Register 2.37. RTC_I2C_CMD9_REG (0x005C)
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S
N
. &7 Q)&@é . &7
7/ 7/
K \@? &
‘ 31 |30 14 | 13 0‘
‘ o/jo o o o o o o oo o0 0 0 0 0 0 O 0x903 ‘Reset

RTC_I2C_COMMAND9 Content of command 9. For more information, please refer to the register
[2C_COMD9_REG in Chapter 12C Controller. (R/W)

RTC_I2C_COMMAND9_DONE When command 9 is done, this bit changes to 1. (RO)

Register 2.38. RTC_I2C_CMD10_REG (0x0060)

¢
S
Q7 Q
S O
® S
N N\
N >
J . ¢
. Q/C)/ Q){@G . \Q/C) 4
7/ % /7
& N &
‘ 31 | 30 14 | 13 0 ‘
‘ o/o o o o o o 0o o0 0o0OOO 0O 0 0 o0 o 0x101 ‘Reset

RTC_I2C_COMMAND10 Content of command 10. For more information, please refer to the register
12C_COMD10_REG in Chapter 12C Controller. (R/W)

RTC_I2C_COMMAND10_DONE When command 10 is dong, this bit changes to 1. (RO)

Register 2.39. RTC_I2C_CMD11_REG (0x0064)

%Q/
\90 N
) S
g &
N N
> >
O
N
O\(LO/ Q)Q\Q’b O\Q/C)’
/ 5 4
& N &
‘ 31 | 30 14 | 3 ’ ‘
\ 0 |o 0O 000 00 O0O0GOU OGO OGO OGO OO0 O o| 0x901 \Reset

RTC_I2C_COMMAND11 Content of command 11. For more information, please refer to the register
12C_COMD11_REG in Chapter 12C Controller. (R/W)

RTC_I2C_COMMAND11_DONE When command 11 is done, this bit changes to 1. (RO)
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Register 2.40. RTC_I2C_CMD12_REG (0x0068)

&
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O\q/(‘)/ Q}\\Q’é O\Q/ /
/ 5 7
& 5 &
‘ 31 | 30 14 | 13 0 ‘
‘ o/ o o o o o0 0O0OOO 0O O O 0 o0 o 0x1701 ‘Reset

RTC_I2C_COMMAND12 Content of command 12. For more information, please refer to the register
12C_COMD12_REG in Chapter 12C Controller. (R/W)

RTC_I2C_COMMAND12_DONE When command 12 is done, this bit changes to 1. (RO)

Register 2.41. RTC_I2C_CMD13_REG (0x006C)

&
Q)?O S
S $
ol ol
N N
N >
O N O
& & &
<07 & L7
& ¢ <
‘ 31 | 30 14 | 13 0 ‘
‘ ofo o 0o 0O OO0 0O 0O 0 0 0 0 0 0o o o0 o 0x1901 ‘Reset

RTC_I2C_COMMAND13 Content of command 13. For more information, please refer to the register
12C_COMD13_REG in Chapter 12C Controller. (R/W)

RTC_I2C_COMMAND13_DONE When command 13 is dong, this bit changes to 1. (RO)

Register 2.42. RTC_I2C_CMD14_REG (0x0070)

éo
u?o ™
S S
& &
W N
> S
O
N
OQ/O/ Q)é@b Q{)’Q ’
s £ 4
& 5 &
‘ 31 | 30 1 | 3 ’ ‘
\ 0 |o 0O 000 0O0O0UOGOU OGO OGO OGO OO0 O o| 0x00 \Reset

RTC_I2C_COMMAND14 Content of command 14. For more information, please refer to the register
12C_COMD14_REG in Chapter 12C Controller. (R/W)

RTC_I2C_COMMAND14_DONE When command 14 is done, this bit changes to 1. (RO)
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Register 2.43. RTC_I2C_CMD15_REG (0x0074)

O
S 7

& %
O (%)
A \@% &K

0x00 ‘ Reset

RTC_I2C_COMMAND15 Content of command 15. For more information, please refer to the register
12C_COMD15_REG in Chapter 12C Controller. (R/W)

RTC_I2C_COMMAND15_DONE When command 15 is done, this bit changes to 1. (RO)

Register 2.44. RTC_I2C_DATE_REG (0x00FC)

&
S Qé
& 7
%Q) &Q/
<&
s &
‘31 28 | 27 0‘
\o 0 0 o0 0x1905310 \Reset

RTC_I2C_DATE \Version control register (R/W)
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3 GDMA Controller (GDMA)

3.1 Overview

General Direct Memory Access (GDMA) is a feature that allows peripheral-to-memory, memory-to-peripheral, and
memory-to-memory data transfer at a high speed. The CPU is not involved in the GDMA transfer, and therefore it
becomes more efficient with less workload.

The GDMA controller in ESP32-S3 has ten independent channels, i.e. five transmit channels and five receive
channels. These ten channels are shared by peripherals with GDMA feature, namely SPI2, SPI3, UHCIO, 12S0,
1251, LCD/CAM, AES, SHA, ADC, and RMT. You can assign the ten channels to any of these peripherals. Every
channel supports access to internal RAM or external RAM.

The GDMA controller uses fixed-priority and round-robin channel arbitration schemes to manage peripherals’
needs for bandwidth.

GDMA Channels Modules
Rx channel 0 SPI2
Tx channel 0 SPI3
Rx channel 1 UHCIO
Tx channel 1 12S0
Rx channel 2 1251
Tx channel 2 LCD/CAM
Rx channel 3 AES
Tx channel 3 SHA
Rx channel 4 ADC
Tx channel 4 RMT

Figure 3-1. Modules with GDMA Feature and GDMA Channels

3.2 Features
The GDMA controller has the following features:
* AHB bus architecture
e Programmable length of data to be transferred in bytes

e |inked list of descriptors

INCR burst transfer when accessing internal RAM
e Access to an address space of 480 KB at most in internal RAM
e Access to an address spacee of 32 MB at most in external RAM
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Five transmit channels and five receive channels

Access to internal and external RAM supported by every channel

Software-configurable selection of peripheral requesting its service supported by every channel

Fixed channel priority and round-robin channel arbitration

3.3 Architecture

In ESP32-S3, all modules that need high-speed data transfer support GDMA. The GDMA controller and CPU
data bus have access to the same address space in internal and external RAM. Figure 3-2 shows the basic
architecture of the GDMA engine.

GDMA_ENGINE
- « | Rx Channel 0 ‘4— 4—+ Peri 0
@
Internal P = F—»
RAM - ‘g - ;l Tx Channel 0 }—»
@
e Rx Channel 1 F—
Arbiter Peri <—>
L‘ Tx Channel 1 }—» e
> B
% 5
External P .
RAM g > P Rx Channel 4 F—
17} .
w . e |
J Tx Channel 4 }—»
| |

Figure 3-2. GDMA Engine Architecture

The GDMA controller has ten independent channels, i.e. five transmit channels and five receive channels. Every
channel can be connected to different peripherals. In other words, channels are general-purpose, shared by
peripherals.

The GDMA engine has two independent AHB bus referred to as AHB_BUS1 and AHB_BUS2 respectively.
AHB_BUSH1 is used to read data from or write data to internal RAM, whereas AHB_BUS2 is used to read data
from or write data to external RAM. Before this, the GDMA controller uses fixed-priority arbitration scheme for
channels requesting read or write access. For available address range of RAM, please see Chapter 4 System and
Memory.

Software can use the GDMA engine through linked lists. These linked lists, stored in internal RAM, consist of
outlinkn and inlinkn, where n indicates the channel number (ranging from O to 4). The GDMA controller reads an
outlinkn (i.e. a linked list of transmit descriptors) from internal RAM and transmits data in corresponding RAM
according to the outlinkn, or reads an inlinkn (i.e. a linked list of receive descriptors) and stores received data into
specific address space in RAM according to the inlinkn.
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3.4

3.4.1

Functional Description

Linked List

Linked List
31 30 29 28 27 23 11 0

DWO

DWO ‘ owner ‘suc_eof‘Reserved‘err_eof‘Reserved‘ Iength‘ size ‘
\» DW1 ‘ buffer address pointer ‘

DW?2
< DWO DW2 ‘ Next descriptor address ‘

DW1

DW1

DwW2

< DWO

DwW1

DwW2

Figure 3-3. Structure of a Linked List

Figure 3-3 shows the structure of a linked list. An outlink and an inlink have the same structure. A linked list is
formed by one or more descriptors, and each descriptor consists of three words. Linked lists should be in

internal RAM for the GDMA engine to be able to use them. The meaning of each field is as follows:

Owner (DWO) [31]: Specifies who is allowed to access the buffer that this descriptor points to.

1’b0: CPU can access the buffer;

1’b1: The GDMA controller can access the buffer.

When the GDMA controller stops using the buffer, this bit in a receive descriptor is automatically cleared by
hardware, and this bit in a transmit descriptor is automatically cleared by hardware only if
GDMA_OUT_AUTO_WRBACK_CHn is set to 1. When software loads a linked list, this bit should be set to
1.

Note: GDMA_OUT is the prefix of transmit channel registers, and GDMA_IN is the prefix of receive channel
registers.

suc_eof (DWO0) [30]: Specifies whether this descriptor is the last descriptor in the list.

1’b0: This descriptor is not the last one;

1’b1: This descriptor is the last one.

Software clears suc_eof bit in receive descriptors. When a frame or packet has been received, this bit in
the last receive descriptor is set by hardware, and this bit in the last transmit descriptor is set by software.

Reserved (DWO0) [29]: Reserved. Value of this bit does not matter.

err_eof (DWO) [28]: Specifies whether the received data have errors.
This bit is used only when UHCIO uses GDMA to receive data. When an error is detected in the received
frame or packet, this bit in the receive descriptor is set to 1 by hardware.

Reserved (DWO) [27:24]: Reserved.

Length (DWO0) [23:12]: Specifies the number of valid bytes in the buffer that this descriptor points to. This
field in a transmit descriptor is written by software and indicates how many bytes can be read from the
buffer; this field in a receive descriptor is written by hardware automatically and indicates how many valid
bytes have been stored into the buffer.

Size (DWO) [11:0]: Specifies the size of the buffer that this descriptor points to.
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¢ Buffer address pointer (DW1): Address of the buffer.

e Next descriptor address (DW2): Address of the next descriptor. If the current descriptor is the last one
(suc_eof = 1), this value is 0. This field can only point to internal RAM.

If the length of data received is smaller than the size of the buffer, the GDMA controller will not use available
space of the buffer in the next transaction.

3.4.2 Peripheral-to-Memory and Memory-to-Peripheral Data Transfer

The GDMA controller can transfer data from memory to peripheral (transmit) and from peripheral to memory
(receive). A transmit channel transfers data in the specified memory location to a peripheral’s transmitter via an
outlinkn, whereas a receive channel transfers data received by a peripheral to the specified memory location via
an inlinkn.

Every transmit and receive channel can be connected to any peripheral with GDMA feature. Table 3-1 illustrates
how to select the peripheral to be connected via registers. When a channel is connected to a peripheral, the rest
channels can not be connected to that peripheral. All transmit and receive channels support access to internal
and external RAM. For details, please refer to Section 3.4.8 and Section 3.4.9.

Table 3-1. Selecting Peripherals via Register Configuration

GDMA_PERI_IN_SEL_CHn _
Peripheral

GDMA_PERI_OUT_SEL_CHn

0 SPI2

1 SPI3

2 UHCIO

3 12S0

4 1251

5 LCD/CAM

6 AES

7 SHA

8 ADC

9 RMT

3.4.3 Memory-to-Memory Data Transfer

The GDMA controller also allows memory-to-memory data transfer. Such data transfer can be enabled by setting
GDMA_MEM_TRANS_EN_CHn, which connects the output of transmit channel n to the input of receive channel
n. Note that a transmit channel is only connected to the receive channel with the same number (n).

As every transmit and receive channel can be used to access internal and external RAM, there are four data
transfer modes:

e from internal RAM to internal RAM
e from internal RAM to external RAM
e from external RAM to internal RAM

e from external RAM to external RAM
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3.4.4 Channel Buffer

Every transmit and receive channel contains FIFOs at three levels, i.e. L1FIFO, L2FIFO, and L3FIFO. As Figure
3-4 shows, L1FIFO is close to the memory, L3FIFO is close to peripherals, and L2FIFO falls in between L1FIFO
and L3FIFO. L1FIFO, L2FIFO and L3FIFO have fixed depth: 24, 128, and 16 bytes, respectively.

Rx Channel Buffer
- L1IFIFO |« L2FIFO |« L3FIFO |«
Tx Channel Buffer
» L1FIFO » L2FIFO » L3FIFO >

Figure 3-4. Channel Buffer

3.4.5 Enabling GDMA

Software uses the GDMA controller through linked lists. When the GDMA controller receives data, software loads
an inlink, configures GDMA_INLINK_ADDR_CHn field with address of the first receive descriptor, and sets
GDMA_INLINK_START_CHn bit to enable GDMA. When the GDMA controller transmits data, software loads an
outlink, prepares data to be transmitted, configures GDMA_OUTLINK_ADDR_CHn field with address of the first
transmit descriptor, and sets GDMA_OUTLINK_START_CHn bit to enable GDMA. GDMA_INLINK_START_CHn
bit and GDMA_OUTLINK_START_CHn bit are cleared automatically by hardware.

In some cases, you may want to append more descriptors to a DMA transfer that is already started. Naively, it
would seem to be possible to do this by clearing the EOF bit of the final descriptor in the existing list and setting
its next descriptor address pointer field (DW2) to the first descriptor of the to-be-added list. However, this
strategy fails if the existing DMA transfer is almost or entirely finished. Instead, the GDMA engine has specialized
logic to make sure a DMA transfer can be continued or restarted: if it is still ongoing, it will make sure to take the
appended descriptors into account; if the transfer has already finished, it will restart with the new descriptors.
This is implemented in the Restart function.

When using the Restart function, software needs to rewrite the address of the first descriptor in the new list to
DW?2 of the last descriptor in the loaded list, and set GDMA_INLINK_RESTART_CHn bit or
GDMA_OUTLINK_RESTART_CHn bit (these two bits are cleared automatically by hardware). As shown in Figure
3-5, by doing so hardware can obtain the address of the first descriptor in the new list when reading the last
descriptor in the loaded list, and then read the new list.
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The last descriptor
of linked list Next descriptor address

Next descriptoriddr?
( . New linked list

Figure 3-5. Relationship among Linked Lists

3.4.6 Linked List Reading Process

Once configured and enabled by software, the GDMA controller starts to read the linked list from internal RAM.
The GDMA performs checks on descriptors in the linked list. Only if the descriptors pass the checks, will the
corresponding GDMA channel transfer data. If the descriptors fail any of the checks, hardware will trigger
descriptor error interrupt (either GDMA_IN_DSCR_ERR_CHn_INT or GDMA_OUT_DSCR_ERR_CHn_INT), and
the channel will halt.

The checks performed on descriptors are:

e Owner bit check when GDMA_IN_CHECK_OWNER_CHn or GDMA_OUT_CHECK_OWNER_CHn is set to
1. If the owner bit is O, the buffer is accessed by the CPU. In this case, the owner bit fails the check. The
owner bit will not be checked if GDMA_IN_CHECK_OWNER_CHn or GDMA_OUT_CHECK_OWNER_CHn
is O;

e Buffer address pointer (DW1) check. If the buffer address pointer points to Ox3FC88000 ~ Ox3FCFFFFF or
0x3C000000 ~ Ox3DFFFFFF (please refer to Section 3.4.8), it passes the check.

After software detects a descriptor error interrupt, it must reset the corresponding channel, and enable GDMA by
setting GDMA_OUTLINK_START_CHn or GDMA_INLINK_START_CHn bit.

Note: The third word (DW?2) in a descriptor can only point to a location in internal RAM, given that the third word
points to the next descriptor to use and that all descriptors must be in internal memory.

3.4.7 EOF

The GDMA controller uses EOF (end of frame) flags to indicate the end of data frame or packet
transmission.

Before the GDMA controller transmits data, GDMA_OUT_TOTAL_EOF_CHn_INT_ENA bit should be set to enable
GDMA_OUT_TOTAL_EOF_CHn_INT interrupt. If data in the buffer pointed by the last descriptor (with EOF) have
been transmitted, a GDMA_OUT_TOTAL_EOF_CHn_INT interrupt is generated.

Before the GDMA controller receives data, GDMA_IN_SUC_EOF_CHn_INT_ENA bit should be set to enable
GDMA_IN_SUC_EOF_CHn_INT interrupt. If a data frame or packet has been received successfully, a
GDMA_IN_SUC_EOF_CHn_INT interrupt is generated. In addition, when GDMA channel is connected to UHCIO,
the GDMA controller also supports GDMA_IN_ERR_CHn_EOF_INT interrupt. This interrupt is enabled by setting
GDMA_IN_ERR_EOF_CHn_INT_ENA bit, and it indicates that a data frame or packet has been received with
errors.
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When detecting a GDMA_OUT_TOTAL_EOF_CHn_INT or a GDMA_IN_SUC_EOF_CHn_INT interrupt, software
can record the value of GDMA_OUT_EOF_DES_ADDR_CHn or GDMA_IN_SUC_EOF_DES_ADDR_CHn field, i.e.
address of the last descriptor. Therefore, software can tell which descriptors have been used and reclaim

them.

Note: In this chapter, EOF of transmit descriptors refers to suc_eof, while EOF of receive descriptors refers to
both suc_eof and err_eof.

3.4.8 Accessing Internal RAM

Any transmit and receive channels of GDMA can access 0x3FC88000 ~ Ox3FCFFFFF in internal RAM. To
improve data transfer efficiency, GDMA can send data in burst mode, which is disabled by default. This mode is
enabled for receive channels by setting GDMA_IN_DATA_BURST_EN_CHn, and enabled for transmit channels
by setting GDMA_OUT_DATA_BURST_EN_CHn.

Table 3-2. Descriptor Field Alignment Requirements for Accessing Internal RAM

Inlink/Outlink | Burst Mode | Size Length | Buffer Address Pointer
. 0 — — —
Inlink , -
1 Word-aligned | — Word-aligned
. 0 — — —
Outlink 3

Table 3-2 lists the requirements for descriptor field alignment when GDMA accesses internal RAM.

When burst mode is disabled, size, length, and buffer address pointer in both transmit and receive descriptors do
not need to be word-aligned. That is to say, GDMA can read data of specified length (1 ~ 4095 bytes) from any
start addresses in the accessible address range, or write received data of the specified length (1 ~ 4095 bytes) to
any contiguous addresses in the accessible address range.

When burst mode is enabled, size, length, and buffer address pointer in transmit descriptors are also not
necessarily word-aligned. However, size and buffer address pointer in receive descriptors except length should
be word-aligned.

3.4.9 Accessing External RAM

Any transmit and receive channels of GDMA can access 0x3C000000 ~ Ox3DFFFFFF in external RAM. GDMA
can send data only in burst mode. The number of data bytes to transfer in one burst is defined as block size.
Block size can be 16 bytes, 32 bytes or 64 bytes, configured via GDMA_IN_EXT_MEM_BK_SIZE_CHn for
transmit channels and GDMA_OUT_EXT_MEM_BK_SIZE_CHn for receive channels.

Table 3-3. Descriptor Field Alignment Requirements for Accessing External RAM

Inlink/Outlink | Size Length | Buffer Address Pointer
Inlink Block-aligned | — Block-aligned
Outlink — — —

Table 3-3 lists the requirements for descriptor field alignment when GDMA accesses internal RAM. Size, length,
and buffer address pointer in transmit descriptors do not need to be aligned. However, size and buffer address
pointer in receive descriptors except length should be aligned with block size. Table 3-4 illustrates the value of
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GDMA_IN_EXT_MEM_BK_SIZE_CHn or GDMA_OUT_EXT_MEM_BK_SIZE_CHn bit when fields in linked list
descriptors are 16-byte, 32-byte and 64-byte aligned respectively.

Table 3-4. Relationship Between Configuration Register, Block Size and Alignment

GDMA_IN_EXT_MEM_BK_SIZE_CHn  or | Block Size Alignment
GDMA_OUT_EXT_MEM_BK_SIZE_CHn

0 16 bytes 16-byte aligned
1 32 bytes 32-byte aligned
2 64 bytes 64-byte aligned

Note: For receive descriptors, if the data length received are not aligned with block size, GDMA will pad the data
received with O until they are aligned to initiate burst transfer. You can read the length field in receive descriptors
to obtain the length of valid data received.

3.4.10 External RAM Access Permissions

GDMA in ESP32-S3 has a permission control module for access to external RAM. As Figure 3-6 shows, the
permission control module divided the 32 MB external RAM into four areas through three configurable
boundaries, namely boundary 0, boundary 1, and boundary 2.

e Area 0: 0x3C000000 ~ boundary 0 (include 0x3C000000 but exclude boundary 0)
e Area 1: boundary O ~ boundary 1 (include boundary O but exclude boundary 1)

e Area 2: boundary 1 ~ boundary 2 (include boundary 1 but exclude boundary 2)

e Area 3: boundary 2 ~ Ox3DFFFFFF (include boundary 0)

Boundary O, 1, and 2 are configured via PMS_EDMA_BOUNDARY_0, PMS_EDMA_BOUNDARY_1, and
PMS_EDMA_BOUNDARY_2, respectively. For details about these fields, please refer to Chapter 15 Permission
Control (PMS). The unit of these fields is 4 KB. For example, if PMS_EDMA_BOUNDARY_0 is 0x80, the address
of boundary 0 should be 0x3C000000 + 0x80 * 4 KB = 3c080000, in which 0x3C000000 is the starting address
of accessible external RAM.

boundary 0 preald

boundary 1 areal

boundary 2 reaz |
Area 3

Figure 3-6. Dividing External RAM into Areas

All peripherals with GDMA feature (i.e. SPI2, SPI3, UHCIO, 12S0, 1251, LCD/CAM, AES, SHA, ADC, and RMT) do
not have access permissions for Area O and Area 3, but their permissions for Area 1 and Area 2 can be
independently managed. The permission control module contains registers to manage such access permissions
for Area 1 and Area 2. For example, the PMS_EDMA_PMS_SPI2_ATTR1 field configures SPI2’s permissions to
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read and write Area 1. Specifically, when bit O of this field is 1, SPI2 is granted read permission; when bit 1 of this
field is 1, SPI2 is granted write permission. Likewise, the PMS_EDMA_PMS_SPI2_ATTR2 field configures SPI2’s
permissions to read and write Area 2.

Access violations are logged and can trigger the GDMA_ETXMEN_REJECT_INT interrupt. You can check the
address where the address violation occurs, the peripheral involved, channel number and read or write attribute
via GDMA_ETXMEM_REJECT_ADDR, GDMA_ETXMEN_REJECT_PERI_NUM,
GDMA_ETXMEN_REJECT_CHANNEL_NUM, and GDMA_ETXMEM_REJECT_ATTR respectively.

3.4.11 Seamless Access to Internal and External RAM

In some application scenarios, a data frame or packet contains data from both internal RAM and external RAM.
To ensure real-time data processing, GDMA is designed in such a way that some descriptors in the linked list can
be used to access internal RAM, while the other descriptors in the same linked list can be used to access
external RAM. This design allows seamless access to internal and external RAM.

3.4.12 Arbitration

To ensure timely response to peripherals running at a high speed with low latency (such as SPI, LCD/CAM), the
GDMA controller implements a fixed-priority channel arbitration scheme. That is to say, each channel can be
assigned a priority from O ~ 9. The larger the number, the higher the priority, and the more timely the response.
When several channels are assigned the same priority, the GDMA controller adopts a round-robin arbitration
scheme.

Please note that the overall throughput of peripherals with GDMA feature cannot exceed the maximum
bandwidth of the GDMA, so that requests from low-priority peripherals can be responded to.

3.5 GDMA Interrupts

e GDMA_OUT_TOTAL_EOF_CHn_INT: Triggered when all data corresponding to a linked list (including
multiple descriptors) have been sent via transmit channel n.

e GDMA_IN_DSCR_EMPTY_CHn_INT: Triggered when the size of the buffer pointed by receive descriptors is
smaller than the length of data to be received via receive channel n.

o GDMA_OUT_DSCR_ERR_CHn_INT: Triggered when an error is detected in a transmit descriptor on
transmit channel .

e GDMA_IN_DSCR_ERR_CHn_INT: Triggered when an error is detected in a receive descriptor on receive
channel .

e GDMA_OUT_EOF_CHn_INT: Triggered when EOF in a transmit descriptor is 1 and data corresponding to
this descriptor have been sent via transmit channel n. If GDMA_OUT_EOF_MODE_CHn is O, this interrupt
will be triggered when the last byte of data corresponding to this descriptor enters GDMA's transmit
channel; if GDMA_OUT_EOF_MODE_CHn is 1, this interrupt is triggered when the last byte of data is taken
from GDMA’s transmit channel.

e GDMA_OUT_DONE_CHn_INT: Triggered when all data corresponding to a transmit descriptor have been
sent via transmit channel n.

o GDMA_IN_ERR_EOF_CHn_INT: Triggered when an error is detected in the data frame or packet received
via receive channel n. This interrupt is used only for UHCIO peripheral (UARTO or UART1).
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e GDMA_IN_SUC_EOF_CHn_INT: Triggered when a data frame or packet has been received via receive

channel n.

e GDMA_IN_DONE_CHn_INT: Triggered when all data corresponding to a receive descriptor have been

received via receive channel n.

3.6 Programming Procedures

3.6.1 Programming Procedures for GDMA’s Transmit Channel

To transmit data, GDMA's transmit channel should be configured by software as follows:

1.

Set GDMA_OUT_RST_CHn first to 1 and then to 0, to reset the state machine of GDMA's transmit channel
and FIFO pointer;

. Load an outlink, and configure GDMA_OUTLINK_ADDR_CHn with address of the first transmit descriptor;

Configure GDMA_PERI_OUT_SEL_CHn with the value corresponding to the peripheral to be connected, as
shown in Table 3-1;

Set GDMA_OUTLINK_START_CHn to enable GDMA's transmit channel for data transfer;

Configure and enable the corresponding peripheral (SPI12, SPI3, UHCIO (UARTO, UART1, or UART2), 12S0,
1281, AES, SHA, and ADC). See details in individual chapters of these peripherals;

Wait for GDMA_OUT_EOF_CHn_INT interrupt, which indicates the completion of data transfer.

3.6.2 Programming Procedures for GDMA’s Receive Channel

To receive data, GDMA’s receive channel should be configured by software as follows:

1.

Set GDMA_IN_RST_CHn first to 1 and then to O, to reset the state machine of GDMA's receive channel and
FIFO pointer;

. Load an inlink, and configure GDMA_INLINK_ADDR_CHn with address of the first receive descriptor;

Configure GDMA_PERI_IN_SEL_CHn with the value corresponding to the peripheral to be connected, as
shown in Table 3-1;

Set GDMA_INLINK_START_CHn to enable GDMA’s receive channel for data transfer;

Configure and enable the corresponding peripheral (SPI12, SPI3, UHCIO (UARTO, UART1, or UART2), 1250,
1251, AES, SHA, and ADC). See details in individual chapters of these peripherals;

Wait for GDMA_IN_SUC_EOF_CHn_INT interrupt, which indicates that a data frame or packet has been
received.

3.6.3 Programming Procedures for Memory-to-Memory Transfer

To transfer data from one memory location to another, GDMA should be configured by software as follows:

1.

Set GDMA_OUT_RST_CHn first to 1 and then to 0, to reset the state machine of GDMA's transmit channel
and FIFO pointer;

2. Set GDMA_IN_RST_CHn first to 1 and then to 0, to reset the state machine of GDMA’s receive channel and
FIFO pointer;
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3. Load an outlink, and configure GDMA_OUTLINK_ADDR_CHn with address of the first transmit descriptor;

B

Load an inlink, and configure GDMA_INLINK_ADDR_CHn with address of the first receive descriptor;

Set GDMA_MEM_TRANS_EN_CHn to enable memory-to-memory transfer;

o o

Set GDMA_OUTLINK_START_CHn to enable GDMA's transmit channel for data transfer;
7. Set GDMA_INLINK_START_CHn to enable GDMA's receive channel for data transfer;

8. Wait for GDMA_IN_SUC_EOF_CHn_INT interrupt, which indicates that a data transaction has been
completed.
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3.7 Register Summary

The addresses in this section are relative to GDMA base address provided in Table 4-3 in Chapter 4 System and

Memory.

The abbreviations given in Column Access are explained in Section Access Types for Registers.

Name Description Address | Access
Configuration Registers
GDMA_IN_CONFO_CHO_REG Configuration register 0 of RX channel 0 0x0000 | R/W
GDMA_IN_CONF1_CHO_REG Configuration register 1 of RX channel O 0x0004 | R/W
GDMA_IN_POP_CHO_REG Pop control register of RX channel O 0x001C | varies
Link descriptor configuration and control .
GDMA_IN_LINK_CHO_REG , 0x0020 | varies
register of RX channel O
GDMA_OUT_CONFO_CHO_REG Configuration register 0 of TX channel O 0x0060 | R/W
GDMA_OUT_CONF1_CHO_REG Configuration register 1 of TX channel O 0x0064 | R/W
GDMA_OUT_PUSH_CHO_REG Push control register of RX channel O 0x007C | varies
Link descriptor configuration and control .
GDMA_OUT_LINK_CHO_REG , 0x0080 | varies
register of TX channel O
GDMA_IN_CONFO_CH1_REG Configuration register O of RX channel 1 0x00CO0 | R/W
GDMA_IN_CONF1_CH1_REG Configuration register 1 of RX channel 1 0x00C4 | R/W
GDMA_IN_POP_CH1_REG Pop control register of RX channel 1 0x00DC | varies
Link descriptor configuration and control .
GDMA_IN_LINK_CH1_REG , OxO0EQ | varies
register of RX channel 1
GDMA_OUT_CONFO_CH1_REG Configuration register 0 of TX channel 1 0x0120 | R/W
GDMA_OUT_CONF1_CH1_REG Configuration register 1 of TX channel 1 0x0124 | R/W
GDMA_OUT_PUSH_CH1_REG Push control register of RX channel 1 0x013C | varies
Link descriptor configuration and control )
GDMA_OUT_LINK_CH1_REG , 0x0140 | varies
register of TX channel 1
GDMA_IN_CONFO_CH2_REG Configuration register 0 of RX channel 2 0x0180 | R/W
GDMA_IN_CONF1_CH2_REG Configuration register 1 of RX channel 2 0x0184 | R/W
GDMA_IN_POP_CH2_REG Pop control register of RX channel 2 0x019C | varies
Link descriptor configuration and control .
GDMA_IN_LINK_CH2_REG , 0x01AQ0 | varies
register of RX channel 2
GDMA_OUT_CONFO_CH2_REG Configuration register 0 of TX channel 2 Ox01EO0 | R/W
GDMA_OUT_CONF1_CH2_REG Configuration register 1 of TX channel 2 Ox01E4 | R/W
GDMA_OUT_PUSH_CH2_REG Push control register of RX channel 2 Ox01FC | varies
Link descriptor configuration and control .
GDMA_OUT_LINK_CH2_REG , 0x0200 | varies
register of TX channel 2
GDMA_IN_CONFO_CH3_REG Configuration register O of RX channel 3 0x0240 | R/W
GDMA_IN_CONF1_CH3_REG Configuration register 1 of RX channel 3 0x0244 | R/W
GDMA_IN_POP_CH3_REG Pop control register of RX channel 3 0x025C | varies
Link descriptor configuration and control .
GDMA_IN_LINK_CH3_REG , 0x0260 | varies
register of RX channel 3
GDMA_OUT_CONFO_CH3_REG Configuration register 0 of TX channel 3 0x02A0 | R/W
GDMA_OUT_CONF1_CH3_REG Configuration register 1 of TX channel 3 0x02A4 | R/W
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Name Description Address | Access
GDMA_OUT_PUSH_CH3_REG Push control register of RX channel 3 0x02BC | varies

Link descriptor configuration and control .
GDMA_OUT_LINK_CH3_REG , 0x02C0O | varies

register of TX channel 3
GDMA_IN_CONFO_CH4_REG Configuration register 0 of RX channel 4 0x0300 | R/W
GDMA_IN_CONF1_CH4_REG Configuration register 1 of RX channel 4 0x0304 | R/W
GDMA_IN_POP_CH4_REG Pop control register of RX channel 4 0x031C | varies

Link descriptor configuration and control )
GDMA_IN_LINK_CH4_REG , 0x0320 | varies

register of RX channel 4
GDMA_OUT_CONFO_CH4_REG Configuration register 0 of TX channel 4 0x0360 | R/W
GDMA_OUT_CONF1_CH4_REG Configuration register 1 of TX channel 4 0x0364 | R/W
GDMA_OUT_PUSH_CH4_REG Push control register of RX channel 4 0x037C | varies

Link descriptor configuration and control .
GDMA_OUT_LINK_CH4_REG , 0x0380 | varies

register of TX channel 4
GDMA_PD_CONF_REG reserved 0x03C4 | R/W
GDMA_MISC_CONF_REG Miscellaneous register 0x03C8 | R/W
Interrupt Registers
GDMA_IN_INT_RAW_CHO_REG Raw status interrupt of RX channel O 0x0008 | R/WTC/SS
GDMA_IN_INT_ST_CHO_REG Masked interrupt of RX channel O 0x000C | RO
GDMA_IN_INT_ENA_CHO_REG Interrupt enable bits of RX channel 0 0x0010 | R/W
GDMA_IN_INT_CLR_CHO_REG Interrupt clear bits of RX channel O 0x0014 | WT
GDMA_OUT_INT_RAW_CHO_REG Raw status interrupt of TX channel O 0x0068 | R/WTC/SS
GDMA_OUT_INT_ST_CHO_REG Masked interrupt of TX channel O 0x006C | RO
GDMA_OUT_INT_ENA_CHO_REG Interrupt enable bits of TX channel O 0x0070 | R/W
GDMA_OUT_INT_CLR_CHO_REG Interrupt clear bits of TX channel O 0x0074 | WT
GDMA_IN_INT_RAW_CH1_REG Raw status interrupt of RX channel 1 0x00C8 | R/WTC/SS
GDMA_IN_INT_ST_CH1_REG Masked interrupt of RX channel 1 0x00CC | RO
GDMA_IN_INT_ENA_CH1_REG Interrupt enable bits of RX channel 1 0x00D0O | R/'W
GDMA_IN_INT_CLR_CH1_REG Interrupt clear bits of RX channel 1 0x00D4 | WT
GDMA_OUT_INT_RAW_CH1_REG Raw status interrupt of TX channel 1 0x0128 | R/WTC/SS
GDMA_OUT_INT_ST_CH1_REG Masked interrupt of TX channel 1 0x012C | RO
GDMA_OUT_INT_ENA_CH1_REG Interrupt enable bits of TX channel 1 0x0130 | R/W
GDMA_OUT_INT_CLR_CH1_REG Interrupt clear bits of TX channel 1 0x0134 | WT
GDMA_IN_INT_RAW_CH2_REG Raw status interrupt of RX channel 2 0x0188 | R/WTC/SS
GDMA_IN_INT_ST_CH2_REG Masked interrupt of RX channel 2 0x018C | RO
GDMA_IN_INT_ENA_CH2_REG Interrupt enable bits of RX channel 2 0x0190 | R/W
GDMA_IN_INT_CLR_CH2_REG Interrupt clear bits of RX channel 2 0x0194 | WT
GDMA_OUT_INT_RAW_CH2_REG Raw status interrupt of TX channel 2 Ox01E8 | R/WTC/SS
GDMA_OUT_INT_ST_CH2_REG Masked interrupt of TX channel 2 Ox01EC | RO
GDMA_OUT_INT_ENA_CH2_REG Interrupt enable bits of TX channel 2 Ox01FO | R/W
GDMA_OUT_INT_CLR_CH2_REG Interrupt clear bits of TX channel 2 Ox01F4 | WT
GDMA_IN_INT_RAW_CH3_REG Raw status interrupt of RX channel 3 0x0248 | R/WTC/SS
GDMA_IN_INT_ST_CH3_REG Masked interrupt of RX channel 3 0x024C | RO
GDMA_IN_INT_ENA_CH3_REG Interrupt enable bits of RX channel 3 0x0250 | R/W
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Name Description Address | Access
GDMA_IN_INT_CLR_CH3_REG Interrupt clear bits of RX channel 3 0x0254 | WT
GDMA_OUT_INT_RAW_CHS3_REG Raw status interrupt of TX channel 3 0x02A8 | R/WTC/SS
GDMA_OUT_INT_ST_CH3_REG Masked interrupt of TX channel 3 0x02AC | RO
GDMA_OUT_INT_ENA_CH3_REG Interrupt enable bits of TX channel 3 0x02BO | R/W
GDMA_OUT_INT_CLR_CHS3_REG Interrupt clear bits of TX channel 3 0x02B4 | WT
GDMA_IN_INT_RAW_CH4_REG Raw status interrupt of RX channel 4 0x0308 | R/WTC/SS
GDMA_IN_INT_ST_CH4_REG Masked interrupt of RX channel 4 0x030C | RO
GDMA_IN_INT_ENA_CH4_REG Interrupt enable bits of RX channel 4 0x0310 | R/W
GDMA_IN_INT_CLR_CH4_REG Interrupt clear bits of RX channel 4 0x0314 | WT
GDMA_OUT_INT_RAW_CH4_REG Raw status interrupt of TX channel 4 0x0368 | R/WTC/SS
GDMA_OUT_INT_ST_CH4_REG Masked interrupt of TX channel 4 0x036C | RO
GDMA_OUT_INT_ENA_CH4_REG Interrupt enable bits of TX channel 4 0x0370 | R/W
GDMA_OUT_INT_CLR_CH4_REG Interrupt clear bits of TX channel 4 0x0374 | WT

Raw interrupt status of external RAM
o Ox03FC | R/WTC/SS
GDMA_EXTMEM_REJECT_INT_RAW_REG| permission
Masked interrupt status of external RAM
GDMA_EXTMEM_REJECT_INT_ST_REG o 0x0400 | RO
permission
Interrupt enable bits of external RAM
. 0x0404 | R/W
GDMA_EXTMEM_REJECT_INT_ENA_REG | permission
Interrupt clear bits of external RAM
. 0x0408 | WT
GDMA_EXTMEM_REJECT_INT_CLR_REG | permission
Status Registers
GDMA_INFIFO_STATUS_CHO_REG Receive FIFO status of RX channel O 0x0018 | RO
GDMA_IN_STATE_CHO_REG Receive status of RX channel 0 0x0024 | RO
GDMA_IN_SUC_EOF_DES_ADDR_CHO Inlink descriptor address when EOF
0x0028 | RO
_REG occurs of RX channel 0
GDMA_IN_ERR_EOF_DES_ADDR_CHO Inlink descriptor address when errors
0x002C | RO
_REG occur of RX channel O
Current inlink descriptor address of RX
GDMA_IN_DSCR_CHO_REG 0x0030 | RO
channel 0
The last inlink descriptor address of RX
GDMA_IN_DSCR_BF0O_CHO_REG 0x0034 | RO
channel O
The second-to-last inlink descriptor
GDMA_IN_DSCR_BF1_CHO_REG 0x0038 | RO
address of RX channel O
GDMA_OUTFIFO_STATUS_CHO_REG Transmit FIFO status of TX channel O 0x0078 | RO
GDMA_OUT_STATE_CHO_REG Transmit status of TX channel O 0x0084 | RO
Outlink descriptor address when EOF
0x0088 | RO
GDMA_OUT_EOF_DES_ADDR_CHO_REG | occurs of TX channel O
GDMA_OUT_EOF_BFR_DES_ADDR_CHO | The last outlink descriptor address when
0x008C | RO
_REG EOF occurs of TX channel 0
Current inlink descriptor address of TX
GDMA_OUT_DSCR_CHO_REG 0x0090 | RO
channel 0
The last inlink descriptor address of TX
GDMA_OUT_DSCR_BFO_CHO_REG 0x0094 | RO
channel 0
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Name Description Address | Access
The second-to-last inlink descriptor
GDMA_OUT_DSCR_BF1_CHO_REG 0x0098 | RO
address of TX channel O
GDMA_INFIFO_STATUS_CH1_REG Receive FIFO status of RX channel 1 0x00D8 | RO
GDMA_IN_STATE_CH1_REG Receive status of RX channel 1 Ox00E4 | RO
GDMA_IN_SUC_EOF_DES_ADDR_CH1 Inlink descriptor address when EOF
Ox00E8 | RO
_REG occurs of BRX channel 1
GDMA_IN_ERR_EOF_DES_ADDR_CH1 Inlink descriptor address when errors
Ox00EC | RO
_REG occur of RX channel 1
Current inlink descriptor address of RX
GDMA_IN_DSCR_CH1_REG Ox00F0 | RO
channel 1
The last inlink descriptor address of RX
GDMA_IN_DSCR_BFO_CH1_REG Ox00F4 | RO
channel 1
The second-to-last inlink descriptor
GDMA_IN_DSCR_BF1_CH1_REG Ox00F8 | RO
address of RX channel 1
GDMA_OUTFIFO_STATUS_CH1_REG Transmit FIFO status of TX channel 1 0x0138 | RO
GDMA_OUT_STATE_CH1_REG Transmit status of TX channel 1 0x0144 | RO
Outlink descriptor address when EOF
0x0148 | RO
GDMA_OUT_EOF_DES_ADDR_CH1_REG | occurs of TX channel 1
GDMA_OUT_EOF_BFR_DES_ADDR_CH1 | The last outlink descriptor address when 014G | RO
X
_REG EOF occurs of TX channel 1
Current inlink descriptor address of TX
GDMA_OUT_DSCR_CH1_REG 0x0150 | RO
channel 1
The last inlink descriptor address of TX
GDMA_OUT_DSCR_BFO_CH1_REG 0x0154 | RO
channel 1
The second-to-last inlink descriptor
GDMA_OUT_DSCR_BF1_CH1_REG 0x0158 | RO
address of TX channel 1
GDMA_INFIFO_STATUS_CH2_REG Receive FIFO status of RX channel 2 0x0198 | RO
GDMA_IN_STATE_CH2_REG Receive status of RX channel 2 0x01A4 | RO
GDMA_IN_SUC_EOF_DES_ADDR_CH?2 Inlink descriptor address when EOF
0x01A8 | RO
_REG occurs of RX channel 2
GDMA_IN_ERR_EOF_DES_ADDR_CH2 Inlink descriptor address when errors
O0x01AC | RO
_REG occur of RX channel 2
Current inlink descriptor address of RX
GDMA_IN_DSCR_CH2_REG 0x01BO | RO
channel 2
The last inlink descriptor address of RX
GDMA_IN_DSCR_BFO_CH2_REG 0x01B4 | RO
channel 2
The second-to-last inlink descriptor
GDMA_IN_DSCR_BF1_CH2_REG 0x01B8 | RO
address of RX channel 2
GDMA_OUTFIFO_STATUS_CH2_REG Transmit FIFO status of TX channel 2 0Ox01F8 | RO
GDMA_OUT_STATE_CH2_REG Transmit status of TX channel 2 0x0204 | RO
Outlink descriptor address when EOF
0x0208 | RO
GDMA_OUT_EOF_DES_ADDR_CH2_REG | occurs of TX channel 2
GDMA_OUT_EOF_BFR_DES_ADDR_CH2 | The last outlink descriptor address when 0x020C | RO
X
_REG EOF occurs of TX channel 2
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Name Description Address | Access
Current inlink descriptor address of TX
GDMA_OUT_DSCR_CH2_REG 0x0210 | RO
channel 2
The last inlink descriptor address of TX
GDMA_OUT_DSCR_BFO_CH2_REG 0x0214 | RO
channel 2
The second-to-last inlink descriptor
GDMA_OUT_DSCR_BF1_CH2_REG 0x0218 | RO
address of TX channel 2
GDMA_INFIFO_STATUS_CH3_REG Receive FIFO status of RX channel 3 0x0258 | RO
GDMA_IN_STATE_CH3_REG Receive status of RX channel 3 0x0264 | RO
GDMA_IN_SUC_EOF_DES_ADDR_CH3 Inlink descriptor address when EOF
0x0268 | RO
_REG occurs of RX channel 3
GDMA_IN_ERR_EOF_DES_ADDR_CH3 Inlink descriptor address when errors
0x026C | RO
_REG occur of RX channel 3
Current inlink descriptor address of RX
GDMA_IN_DSCR_CH3_REG 0x0270 | RO
channel 3
The last inlink descriptor address of RX
GDMA_IN_DSCR_BFO_CH3_REG 0x0274 | RO
channel 3
The second-to-last inlink descriptor
GDMA_IN_DSCR_BF1_CH3_REG 0x0278 | RO
address of RX channel 3
GDMA_OUTFIFO_STATUS_CH3_REG Transmit FIFO status of TX channel 3 0x02B8 | RO
GDMA_OUT_STATE_CH3_REG Transmit status of TX channel 3 0x02C4 | RO
Outlink descriptor address when EOF
0x02C8 | RO
GDMA_OUT_EOF_DES_ADDR_CH3_REG | occurs of TX channel 3
GDMA_OUT_EOF_BFR_DES_ADDR_CHS3 | The last outlink descriptor address when
0x02CC | RO
_REG EOF occurs of TX channel 3
Current inlink descriptor address of TX
GDMA_OUT_DSCR_CH3_REG 0x02D0 | RO
channel 3
The last inlink descriptor address of TX
GDMA_OUT_DSCR_BFO_CH3_REG 0x02D4 | RO
channel 3
The second-to-last inlink descriptor
GDMA_OUT_DSCR_BF1_CH3_REG 0x02D8 | RO
address of TX channel 3
GDMA_INFIFO_STATUS_CH4_REG Receive FIFO status of RX channel 4 0x0318 | RO
GDMA_IN_STATE_CH4_REG Receive status of RX channel 4 0x0324 | RO
GDMA_IN_SUC_EOF_DES_ADDR_CH4 Inlink descriptor address when EOF
0x0328 | RO
_REG occurs of RX channel 4
GDMA_IN_ERR_EOF_DES_ADDR_CH4 Inlink descriptor address when errors
0x032C | RO
_REG occur of RX channel 4
Current inlink descriptor address of RX
GDMA_IN_DSCR_CH4_REG 0x0330 | RO
channel 4
The last inlink descriptor address of RX
GDMA_IN_DSCR_BFO_CH4_REG 0x0334 | RO
channel 4
The second-to-last inlink descriptor
GDMA_IN_DSCR_BF1_CH4_REG 0x0338 | RO
address of RX channel 4
GDMA_OUTFIFO_STATUS_CH4_REG Transmit FIFO status of TX channel 4 0x0378 | RO
GDMA_OUT_STATE_CH4_REG Transmit status of TX channel 4 0x0384 | RO
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Name Description Address | Access

Outlink descriptor address when EOF

0x0388 | RO
GDMA_OUT_EOF_DES_ADDR_CH4_REG | occurs of TX channel 4
GDMA_OUT_EOF_BFR_DES_ADDR_CH4 | The last outlink descriptor address when
0x038C | RO

_REG EOF occurs of TX channel 4

Current inlink descriptor address of TX
GDMA_OUT_DSCR_CH4_REG 0x0390 | RO

channel 4

The last inlink descriptor address of TX
GDMA_OUT_DSCR_BF0O_CH4_REG 0x0394 | RO

channel 4

The second-to-last inlink descriptor
GDMA_OUT_DSCR_BF1_CH4_REG 0x0398 | RO

address of TX channel 4
Priority Registers
GDMA_IN_PRI_CHO_REG Priority register of RX channel O 0x0044 | R/W
GDMA_OUT_PRI_CHO_REG Priority register of TX channel O Ox00A4 | R/W
GDMA_IN_PRI_CH1_REG Priority register of RX channel 1 0x0104 | R/W
GDMA_OUT_PRI_CH1_REG Priority register of TX channel 1 0x0164 | R/W
GDMA_IN_PRI_CH2_REG Priority register of RX channel 2 0x01C4 | R/W
GDMA_OUT_PRI_CH2_REG Priority register of TX channel 2 0x0224 | R/W
GDMA_IN_PRI_CHS_REG Priority register of RX channel 3 0x0284 | R/W
GDMA_OUT_PRI_CH3_REG Priority register of TX channel 3 Ox02E4 | R/W
GDMA_IN_PRI_CH4_REG Priority register of RX channel 4 0x0344 | R/W
GDMA_OUT_PRI_CH4_REG Priority register of TX channel 4 0x03A4 | R/W
Peripheral Selection Registers
GDMA_IN_PERI_SEL_CHO_REG Peripheral selection of RX channel O 0x0048 | R/W
GDMA_OUT_PERI_SEL_CHO_REG Peripheral selection of TX channel O 0x00A8 | R/W
GDMA_IN_PERI_SEL_CH1_REG Peripheral selection of RX channel 1 0x0108 | R/W
GDMA_OUT_PERI_SEL_CH1_REG Peripheral selection of TX channel 1 0x0168 | R/W
GDMA_IN_PERI_SEL_CH2_REG Peripheral selection of RX channel 2 0x01C8 | R/W
GDMA_OUT_PERI_SEL_CH2_REG Peripheral selection of TX channel 2 0x0228 | R/W
GDMA_IN_PERI_SEL_CH3_REG Peripheral selection of RX channel 3 0x0288 | R/W
GDMA_OUT_PERI_SEL_CH3_REG Peripheral selection of TX channel 3 Ox02E8 | R/W
GDMA_IN_PERI_SEL_CH4_REG Peripheral selection of RX channel 4 0x0348 | R/W
GDMA_OUT_PERI_SEL_CH4_REG Peripheral selection of TX channel 4 0x03A8 | R/W
Permission Status Registers

External RAM address where access
GDMA_EXTMEM_REJECT_ADDR_REG o Ox03F4 | RO

violation occurs

Status of external RAM where access
GDMA_EXTMEM_REJECT_ST_REG o OxO03F8 | RO

violation occurs
Version Register
GDMA_DATE_REG Version control register 0x040C | R/W
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3.8 Registers

The addresses in this section are relative to GDMA base address provided in Table 4-3 in Chapter 4 System and
Memory.

Register 3.1. GDMA_IN_CONFO0_CHn_REG (: 0-4) (0x0000+192*)

GDMA_IN_RST_CHn This bit is used to reset GDMA channel 0 RX FSM and RX FIFO pointer. (R/W)
GDMA_IN_LOOP_TEST_CHn Reserved. (R/W)

GDMA_INDSCR_BURST_EN_CHn Set this bit to 1 to enable INCR burst transfer for RX channel O
reading descriptor when accessing internal RAM. (R/W)

GDMA_IN_DATA BURST_EN_CHn Set this bit to 1 to enable INCR burst transfer for RX channel O
receiving data when accessing internal RAM. (R/W)

GDMA_MEM_TRANS_EN_CHn Set this bit 1 to enable automatic transmitting data from memory to
memory via GDMA. (R/W)
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Register 3.2. GDMA_IN_CONF1_CH/_REG (: 0-4) (0x0004+192*")

Q
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(-O\/\/ Q7 B\
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A\ S §<\
&S v
&& v\é/v\e/ v@@
& §¥/ Q/ Vv/
& F & &
‘31 15| 14 13 12 11 0‘
‘OOOOOOOOOOOOOOOOOOO Oxc ‘Reset

GDMA_DMA_INFIFO_FULL_THRS_CHn This register s used to generate the
GDMA_INFIFO_FULL_WM_INT interrupt when RX channel 0 received byte number in RX
FIFO is up to the value of the register. (R/W)

GDMA_IN_CHECK_OWNER_CHn Set this bit to enable checking the owner attribute of the descrip-
tor. (R/W)

GDMA_IN_EXT_MEM_BK_SIZE_CHn Block size of RX channel 0 when GDMA access external
RAM. O: 16 bytes; 1: 32 bytes; 2: 64 bytes; 3: Reserved. (R/W)

Register 3.3. GDMA_IN_POP_CH/_REG (/: 0-4) (0x001C+192%)

N N
S S S
Q?Q)c\
¢

‘31 13|12|11 0‘

\ooooooooooooooooooo|o| 0x800 \Reset

GDMA_INFIFO_RDATA_CHn This register stores the data popping from GDMA FIFO (intended for
debugging). (RO)

GDMA_INFIFO_POP_CHn Set this bit to pop data from GDMA FIFO (intended for debugging).
(R/W/SC)
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Register 3.4. GDMA_IN_LINK_CHr_REG (: 0-4) (0x0020+192%/)

‘31 25|24|23|22|21|20 19 0‘

|
\o 0 0 0 0 O o|1|o|o|o|1| 0x000 \Reset

GDMA_INLINK_ADDR_CHn This register stores the 20 least significant bits of the first receive de-
scriptor’'s address. (R/W)

GDMA_INLINK_AUTO_RET_CHn Set this bit to return to current receive descriptor’s address, when
there are some errors in current receiving data. (R/W)

GDMA_INLINK_STOP_CHn Set this bit to stop GDMA’s receive channel from receiving data.
(R/W/SC)

GDMA_INLINK_START_CHn Set this bit to enable GDMA's receive channel for data transfer.
(R/W/SC)

GDMA_INLINK_RESTART_CHn Set this bit to mount a new receive descriptor. (R/W/SC)

GDMA_INLINK_PARK_CHn 1: the receive descriptor's FSMis in idle state; O: the receive descriptor’s
FSM is working. (RO)
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Register 3.5. GDMA_OUT_CONFO_CH/_REG (: 0-4) (0x0060+192*)

GDMA_OUT_RST_CHn This bitis used to reset GDMA channel O TX FSM and TX FIFO pointer. (R/W)

GDMA_OUT_LOOP_TEST_CHn Reserved. (R/W)

GDMA_OUT_AUTO_WRBACK_CHn Set this bit to enable automatic outlink-writeback when all the
data in TX FIFO has been transmitted. (R/W)

GDMA_OUT_EOF_MODE_CHn EOF flag generation mode when transmitting data. 1: EOF flag for
TX channel O is generated when data need to transmit has been popped from FIFO in GDMA.
(R/W)

GDMA_OUTDSCR_BURST_EN_CHn Set this bit to 1 to enable INCR burst transfer for TX channel
0 reading descriptor when accessing internal RAM. (R/W)

GDMA_OUT_DATA BURST_EN_CHn Set this bit to 1 to enable INCR burst transfer for TX channel
0 transmitting data when accessing internal RAM. (R/W)

Register 3.6. GDMA_OUT_CONF1_CHn_REG (n: 0-4) (0x0064+192*)
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‘31 15|14 13|12|11 0‘

oooooooooooo\Reset

GDMA_OUT_CHECK_OWNER_CHn Set this bit to enable checking the owner attribute of the de-
scriptor. (R/W)

GDMA_OUT_EXT_MEM_BK_SIZE_CHn Block size of TX channel 0 when GDMA access external
RAM. O: 16 bytes; 1: 32 bytes; 2: 64 bytes; 3: Reserved. (R/W)
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Register 3.7. GDMA_OUT_PUSH_CH/_REG (: 0-4) (0x007C+192%)
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GDMA_OUTFIFO_WDATA_CHn This register stores the data that need to be pushed into GDMA
FIFO. (R/W)

GDMA_OUTFIFO_PUSH_CHn Set this bit to push data into GDMA FIFO. (R/W/SC)

Register 3.8. GDMA_OUT_LINK_CHn_REG (n: 0-4) (0x0080+192*)
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& y%v%vg\w &9
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& FFFS &

‘31 24|23|22|21|20|19 0‘
\oooo 0 0 oo|1|o|o|o| 0x000 \Reset

GDMA_OUTLINK_ADDR_CHn This register stores the 20 least significant bits of the first transmit
descriptor’s address. (R/W)

GDMA_OUTLINK_STOP_CHn Set this bit to stop GDMA's transmit channel from transferring data.
(R/W/SC)

GDMA_OUTLINK_START_CHn Set this bit to enable GDMA’s transmit channel for data transfer.
(R/W/SC)

GDMA_OUTLINK_RESTART_CHn Set this bit to restart a new outlink from the last address.
(R/W/SC)

GDMA_OUTLINK_PARK_CHn 1: the transmit descriptor’s FSM is in idle state; O: the transmit de-
scriptor's FSM is working. (RO)
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Register 3.9. GDMA_PD_CONF_REG (0x03C4)

GDMA_DMA_RAM_FORCE_PD Set this bit to force power down GDMA internal memory. (R/W)
GDMA_DMA_RAM_FORCE_PU Set this bit to force power up GDMA internal memory. (R/W)

GDMA_DMA_RAM_CLK_FO 1: Force to open the clock and bypass the gate-clock when accessing
the RAM in GDMA,; 0: A gate-clock will be used when accessing the RAM in GDMA. (R/W)

Register 3.10. GDMA_MISC_CONF_REG (0x03C8)

\% 7/
& 5E
5 Yoo O
&5 R\ s\
N FEP P S
‘ 31 5( 4 3 2 1 0

GDMA_AHBM_RST_INTER Set this bit, then clear this bit to reset the internal AHB FSM. (R/W)
GDMA_AHBM_RST_EXTER Set this bit, then clear this bit to reset the external AHB FSM. (R/W)
GDMA_ARB_PRI_DIS Set this bit to disable priority arbitration function. (R/W)

GDMA_CLK_EN 1: Force clock on for registers; 0: Support clock only when application writes reg-
isters. (R/W)
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Register 3.11. GDMA_IN_INT_RAW_CH/_REG (: 0-4) (0x0008+192)

GDMA_IN_DONE_CHn_INT_RAW The raw interrupt bit turns to high level when the last data pointed
by one receive descriptor has been received for RX channel 0. (R/WTC/SS)

GDMA_IN_SUC_EOF_CHn_INT_RAW The raw interrupt bit turns to high level when the last data
pointed by one receive descriptor has been received for RX channel 0. For UHCIO, the raw interrupt
bit turns to high level when the last data pointed by one receive descriptor has been received and
no data error is detected for RX channel 0. (R/WTC/SS)

GDMA_IN_ERR_EOF_CHn_INT_RAW The raw interrupt bit turns to high level when data error is
detected only in the case that the peripheral is UHCIO for RX channel O. For other peripherals, this
raw interrupt is reserved. (R/WTC/SS)

GDMA_IN_DSCR_ERR_CHr_INT_RAW The raw interrupt bit turns to high level when detecting re-
ceive descriptor error, including owner error, the second and third word error of receive descriptor
for RX channel 0. (R/WTC/SS)

GDMA_IN_DSCR_EMPTY_CHn_INT_RAW The raw interrupt bit turns to high level when RX FIFO
pointed by inlink is full and receiving data is not completed, but there is no more inlink for RX
channel 0. (R'WTC/SS)

GDMA_INFIFO_FULL_WM_CH_INT_RAW The raw interrupt bit turns to high level when received
data byte number is up to threshold configured by GDMA_DMA_INFIFO_FULL_THRS_CHO in RX
FIFO of RX channel 0. (R/WTC/SS)
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Register 3.12. GDMA_IN_INT_ST_CHr_REG (: 0-4) (0x000C+192*")

GDMA_IN_DONE_CHn_INT_ST The raw interrupt status bit for the GDMA_IN_DONE_CH_INT inter-
rupt. (RO)

GDMA_IN_SUC_EOF_CHn_INT_ST The raw interrupt status bit for the
GDMA_IN_SUC_EOF_CH_INT interrupt. (RO)

GDMA_IN_ERR_EOF_CH_INT_ST The raw interrupt status bit for the
GDMA_IN_ERR_EOF_CH_INT interrupt. (RO)

GDMA_IN_DSCR_ERR_CH/_INT_ST The raw interrupt status bit for the
GDMA_IN_DSCR_ERR_CH_INT interrupt. (RO)

GDMA_IN_DSCR_EMPTY_CHr_INT_ST The raw interrupt status bit for the
GDMA_IN_DSCR_EMPTY_CH_INT interrupt. (RO)

GDMA_INFIFO_FULL_WM_CH~_INT_ST The raw interrupt status bit for the
GDMA_INFIFO_FULL_WM_CH_INT interrupt. (RO)
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Register 3.13. GDMA_IN_INT_ENA_CH/_REG (: 0-4) (0x0010+192%)

GDMA_IN_DONE_CHn_INT_ENA The interrupt enable bit for the GDMA_IN_DONE_CH_INT inter-
rupt. (R/W)

GDMA_IN_SUC_EOF_CHn_INT_ENA The interrupt enable bit for the GDMA_IN_SUC_EOF_CH_INT
interrupt. (R/W)

GDMA_IN_ERR_EOF_CHn_INT_ENA The interrupt enable bit for the GDMA_IN_ERR_EOF_CH_INT
interrupt. (R/W)

GDMA_IN_DSCR_ERR_CHn_INT_ENA The interrupt enable bit for the
GDMA_IN_DSCR_ERR_CH_INT interrupt. (R/W)

GDMA_IN_DSCR_EMPTY_CH_INT_ENA The interrupt enable bit for the
GDMA_IN_DSCR_EMPTY_CH_INT interrupt. (R/W)

GDMA_INFIFO_FULL_WM_CHr_INT_ENA The interrupt enable bit for the
GDMA_INFIFO_FULL_WM_CH_INT interrupt. (R/W)
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Register 3.14. GDMA_IN_INT_CLR_CHr_REG (1: 0-4) (0x0014+192*/)
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GDMA_IN_DONE_CHn_INT_CLR Set this bit to clear the GDMA_IN_DONE_CH_INT interrupt. (WT)

GDMA_IN_SUC_EOF_CHn_INT_CLR Set this bit to clear the GDMA_IN_SUC_EOF_CH_INT inter-

rupt. (WT)

GDMA_IN_ERR_EOF_CHn_INT_CLR Set this bit to clear the GDMA_IN_ERR_EOF_CH_INT inter-
rupt. (WT)

GDMA_IN_DSCR_ERR_CHr_INT_CLR Set this bit to clear the GDMA_IN_DSCR_ERR_CH_INT in-
terrupt. (WT)

GDMA_IN_DSCR_EMPTY_CHr_INT_CLR Set this bit to clear the

GDMA_IN_DSCR_EMPTY_CH_INT interrupt. (WT)

GDMA_DMA_INFIFO_FULL_WM_CHr_INT_CLR Set this bit to clear the
GDMA_INFIFO_FULL_WM_CH_INT interrupt. (WT)

Espressif Systems 371 ESP32-S3 TRM (Version 1.2)
Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.2

3 GDMA Controller (GDMA) GoBack

Register 3.15. GDMA_OUT_INT_RAW_CH/_REG (: 0-4) (0x0068+192*)
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GDMA_OUT_DONE_CHn_INT_RAW The raw interrupt bit turns to high level when the last data
pointed by one transmit descriptor has been transmitted to peripherals for TX channel O.
(R/WTC/SS)

GDMA_OUT_EOF_CHn_INT_RAW The raw interrupt bit turns to high level when the last data pointed
by one transmit descriptor has been read from memory for TX channel 0. (R/WTC/SS)

GDMA_OUT_DSCR_ERR_CHn_INT_RAW The raw interrupt bit turns to high level when detecting
transmit descriptor error, including owner error, the second and third word error of transmit de-
scriptor for TX channel 0. (R/WTC/SS)

GDMA_OUT_TOTAL_EOF_CHn_INT_RAW The raw interrupt bit turns to high level when data cor-
responding a outlink (includes one descriptor or few descriptors) is transmitted out for TX channel
0. (R/'WTC/SS)
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Register 3.16. GDMA_OUT_INT_ST_CH/_REG (: 0-4) (0x006C+192*/)
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GDMA_OUT_DONE_CH_INT_ST The raw interrupt status bit for the GDMA_OUT_DONE_CH_INT
interrupt. (RO)
GDMA_OUT_EOF_CHn_INT_ST The raw interrupt status bit for the GDMA_OUT_EOF_CH_INT in-
terrupt. (RO)
GDMA_OUT_DSCR_ERR_CH_INT_ST The raw interrupt status bit for the
GDMA_OUT_DSCR_ERR_CH_INT interrupt. (RO)
GDMA_OUT_TOTAL_EOF_CHN_INT_ST The raw interrupt status bit for the
GDMA_OUT_TOTAL_EOF_CH_INT interrupt. (RO)
Register 3.17. GDMA_OUT_INT_ENA_CHn_REG (n: 0-4) (0x0070+192*1)
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GDMA_OUT_DONE_CHn_INT_ENA The interrupt enable bit for the GDMA_OUT_DONE_CH_INT in-
terrupt. (R/W)

GDMA_OUT_EOF_CHn_INT_ENA The interrupt enable bit for the GDMA_OUT_EOF_CH_INT inter-
rupt. (R/W)

GDMA_OUT_DSCR_ERR_CHn_INT_ENA The interrupt enable bit for the
GDMA_OUT_DSCR_ERR_CH_INT interrupt. (R/W)

GDMA_OUT_TOTAL_EOF_CHn_INT_ENA The interrupt enable bit for the
GDMA_OUT_TOTAL_EOF_CH_INT interrupt. (R/W)
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GoBack

Register 3.18. GDMA_OUT_INT_CLR_CH/_REG (: 0-4) (0x0074+192*)
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GDMA_OUT_DONE_CH_INT_CLR Set this bit to clear the GDMA_OUT_DONE_CH_INT interrupt.

(WT)

GDMA_OUT_EOF_CHn_INT_CLR Set this bit to clear the GDMA_OUT_EOF_CH_INT interrupt. (WT)

GDMA_OUT_DSCR_ERR_CHn_INT_CLR Set this bit to clear the GDMA_OUT_DSCR_ERR_CH_INT

interrupt. (WT)

GDMA_OUT_TOTAL_EOF_CHn_INT_CLR Set
GDMA_OUT_TOTAL_EOF_CH_INT interrupt. (WT)

clear the

Register 3.19. GDMA_EXTMEM_REJECT_INT_RAW_REG (0x03FC)

GDMA_EXTMEM_REJECT_INT_RAW The raw interrupt bit turns to high level when accessing ex-

ternal RAM is rejected by permission control. (R/WTC/SS)
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Register 3.20. GDMA_EXTMEM_REJECT_INT_ST_REG (0x0400)

A
<
s
C/}/
NS
Q/S
@/
©
I
< /
& &
’31 1 0‘
]oooooooooooooooooooooooooooooooo\Reset
GDMA_EXTMEM_REJECT_INT_ST The raw interrupt status bit for the
GDMA_EXTMEM_REJECT_INT interrupt. (RO)
Register 3.21. GDMA_EXTMEM_REJECT_INT_ENA_REG (0x0404)
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GDMA_EXTMEM_REJECT_INT_ENA The interrupt enable bit for the
GDMA_EXTMEM_REJECT_INT interrupt. (R/W)
Register 3.22. GDMA_EXTMEM_REJECT_INT_CLR_REG (0x0408)
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GDMA_EXTMEM_REJECT_INT_CLR Set this bit to clear the GDMA_EXTMEM_REJECT_INT inter-
rupt. (WT)
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Register 3.23. GDMA_INFIFO_STATUS_CH/_REG (1: 0-4) (0x0018+192*)

GDMA_INFIFO_FULL_L1_CHn L1 RXFIFO full signal for RX channel 0. (RO)
GDMA_INFIFO_EMPTY_L1_CHn L1 RX FIFO empty signal for RX channel 0. (RO)
GDMA_INFIFO_FULL_L2_CHn L2 RXFIFO full signal for RX channel 0. (RO)
GDMA_INFIFO_EMPTY_L2_CHn L2 RX FIFO empty signal for RX channel 0. (RO)
GDMA_INFIFO_FULL_L3_CHn L3 RX FIFO full signal for RX channel 0. (RO)
GDMA_INFIFO_EMPTY_L3_CHn L3 RX FIFO empty signal for RX channel 0. (RO)

GDMA_INFIFO_CNT_L1_CHn The register stores the byte number of the data in L1 RX FIFO for RX
channel 0. (RO)

GDMA_INFIFO_CNT_L2_CHn The register stores the byte number of the data in L2 RX FIFO for RX
channel 0. (RO)

GDMA_INFIFO_CNT_L3_CHn The register stores the byte number of the data in L3 RX FIFO for RX
channel 0. (RO)

Register 3.24. GDMA_IN_STATE_CHr_REG (1: 0-4) (0x0024+192*/)

S s
& & @ D
2 & %)
@ &

‘31 23|22 20|19 18|17 0‘

)
7

\ooooooooo|o|o| 0 \Reset

GDMA_INLINK_DSCR_ADDR_CHn This register stores the current receive descriptor’s address.
(RO)
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Register 3.25. GDMA_IN_SUC_EOF_DES_ADDR_CHn_REG (n: 0-4) (0x0028+192*)

o
&
?QQ
Q/%/
%
O
0030
£2)
\é/
N
&
‘ 31 0 ‘
\ 0x000000 \ Reset

GDMA_IN_SUC_EOF_DES_ADDR_CHn This register stores the address of the receive descriptor
when the EOF bit in this descriptor is 1. (RO)

Register 3.26. GDMA_IN_ERR_EOF_DES_ADDR_CHn_REG (n: 0-4) (0x002C+192%)

Q
g
?90
Q/% /
%
O
&
&
O
N
&
‘ 31 0 ‘
‘ 0x000000 \ Reset

GDMA_IN_ERR_EOF_DES_ADDR_CHn This register stores the address of the receive descriptor
when there are some errors in current receiving data. Only used when peripheral is UHCIO. (RO)

Register 3.27. GDMA_IN_DSCR_CHn_REG (: 0-4) (0x0030+192*)

‘ 0 ‘Reset

GDMA_INLINK_DSCR_CHn The address of the current receive descriptor x. (RO)
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Register 3.28. GDMA_IN_DSCR_BF0_CH/_REG (: 0-4) (0x0034+192*")

‘ 0 ‘Reset

GDMA_INLINK_DSCR_BF0_CHn The address of the last receive descriptor x-1. (RO)

Register 3.29. GDMA_IN_DSCR_BF1_CHn_REG (: 0-4) (0x0038+192*)

E 3

‘ 0 ‘ Reset

GDMA_INLINK_DSCR_BF1_CHn The address of the second-to-last receive descriptor x-2. (RO)
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Register 3.30. GDMA_OUTFIFO_STATUS_CH/_REG (: 0-4) (0x0078+192%)

O 0 0 0
ONONONY
DD g Ro o
LI o o & 00 X2 AT o
SRR &7 97 N YoOLYANY D
e\/bg\)g\)e\) & & & Q/Q\Q/\’/Qdof\/Q \>/\’/
@V\QV\QV\QV\ Oe C)é Oe <</® <<0 ®<<0 D
KL &7 &7 &L’ CICEELELLL”
S S S KAFORSRORIORS
& @2@;@;@/ ys) @9 @9 @%\v%\v%v%v%w
%)
& FFFS & & & FFFFF S
‘31 27|26|25|24|23|22 18|17 ll|10 6|5|4|3|2|1|0‘
\ooooo|1|1|1|1| 0 | 0 | 0 |1|o|1|o|1|o\Reset

GDMA_OUTFIFO_FULL_L1_CHn L1 TXFIFO full signal for TX channel 0. (RO)

GDMA_OUTFIFO_EMPTY_L1_CHn L1 TX FIFO empty signal for TX channel 0. (RO)

GDMA_OUTFIFO_FULL_L2_CHn L2 TXFIFO full signal for TX channel 0. (RO)

GDMA_OUTFIFO_EMPTY_L2_CHn L2 TX FIFO empty signal for TX channel 0. (RO)

GDMA_OUTFIFO_FULL_L3_CHn L3 TX FIFO full signal for TX channel 0. (RO)

GDMA_OUTFIFO_EMPTY_L3_CHn L3 TX FIFO empty signal for TX channel 0. (RO)

GDMA_OUTFIFO_CNT_L1_CHn The register stores the byte number of the data in L1 TX FIFO for

TX channel 0. (RO)

GDMA_OUTFIFO_CNT_L2_CHn The register stores the byte number of the data in L2 TX FIFO for

TX channel 0. (RO)

GDMA_OUTFIFO_CNT_L3_CHn The register stores the byte number of the data in L3 TX FIFO for

TX channel 0. (RO)
GDMA_OUT_REMAIN_UNDER_1B_L3_CHn Reserved. (RO)
GDMA_OUT_REMAIN_UNDER_2B_L3_CHn Reserved. (RO)
GDMA_OUT_REMAIN_UNDER_3B_L3_CHn Reserved. (RO)

GDMA_OUT_REMAIN_UNDER_4B_L3_CHn Reserved. (RO)
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Register 3.31. GDMA_OUT_STATE_CH/_REG (: 0-4) (0x0084+192*)

S
o of
Nl ¥
L Q7
o &
/
& Q%OQA SH
&S &
& SRS v
& N\ N\ N\
& & & &
‘31 23|22 20 | 19 18 | 17 0‘
\oooooooooo 0 0 \Reset

GDMA_OUTLINK_DSCR_ADDR_CHn This register stores the current transmit descriptor’s address.
(RO)

GDMA_OUT_DSCR_STATE_CHn Reserved. (RO)

GDMA_OUT_STATE_CHn Reserved. (RO)

Register 3.32. GDMA_OUT_EOF_DES_ADDR_CHn_REG (: 0-4) (0x0088+192*)

S
&
?90
Q/% 7
Q
N
<</O
&7
O\)
N
&
‘ 31 0 ‘
\ 0x000000 \ Reset

GDMA_OUT_EOF_DES_ADDR_CHn Thisregister stores the address of the transmit descriptor when
the EOF bit in this descriptor is 1. (RO)
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Register 3.33. GDMA_OUT_EOF_BFR_DES_ADDR_CHn_REG (n: 0-4) (0x008C+192*)

E ]

’ 0x000000 \ Reset

GDMA_OUT_EOF_BFR_DES_ADDR_CHn This register stores the address of the transmit descriptor
before the last transmit descriptor. (RO)

Register 3.34. GDMA_OUT_DSCR_CH/_REG (: 0-4) (0x0090+192+)

’ 0 ‘ Reset

GDMA_OUTLINK_DSCR_CHn The address of the current transmit descriptor y. (RO)

Register 3.35. GDMA_OUT_DSCR_BF0_CHn_REG (: 0-4) (0x0094+192*)

E ]

GDMA_OUTLINK_DSCR_BF0_CHn The address of the last transmit descriptor y-1. (RO)
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Register 3.36. GDMA_OUT_DSCR_BF1_CH/_REG (: 0-4) (0x0098+192*)

E ]

‘ 0 ‘Reset

GDMA_OUTLINK_DSCR_BF1_CHn The address of the second-to-last receive descriptor x-2. (RO)

Register 3.37. GDMA_IN_PRI_CHn_REG (n: 0-4) (0x0044+192%)

&
N/
K
D o
/
%Q}\\ Q@?‘
N ©
‘31 413 0‘
‘ooooo00000000000000000000000 0 ‘Reset

GDMA_RX_PRI_CHn The priority of RX channel 0. The larger the value, the higher the priority. (R/W)

Register 3.38. GDMA_OUT_PRI_CH/_REG (: 0-4) (0x00A4+192%/)

&
NS
K
D N
7/
%Q,@ Q@?‘
N ©
‘31 413 0‘
\oooooooooooooooooooooooooooo 0 ‘Reset

GDMA_TX_PRI_CHn The priority of TX channel 0. The larger the value, the higher the priority. (R/W)
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Register 3.39. GDMA_IN_PERI_SEL_CH/_REG (: 0-4) (0x0048+192%)

0\2\0
\//
&
o
& &
%Q)Q\ O@?‘
N ©
‘31 6|5 0‘
\oooooooooooooooooooooooooo Oxaf \Reset

GDMA_PERI_IN_SEL_CHn This register is used to select peripheral for RX channel 0. 0: SPI2; 1:
SPI3; 2: UHCIO; 3: 12S0; 4: 12S1; 5: LCD_CAM; 6: AES; 7: SHA; 8: ADC_DAGC; 9: RMT. (R/W)

Register 3.40. GDMA_OUT_PERI_SEL_CHn_REG (: 0-4) (0x00A8+192*)

&
<<>//
Q7
@9\5
& vg(o
& S
‘31 6|5 0‘
\oooooooooooooooooooooooooo Oxaf \Reset
GDMA_PERI_OUT_SEL_CHn This register is used to select peripheral for TX channel 0. 0: SPI2; 1:
SPI3; 2: UHCIO; 3: 12805 4: 12S1; 5: LCD_CAM; 6: AES; 7: SHA; 8: ADC_DAGC; 9: RMT. (R/W)
Register 3.41. GDMA_EXTMEM_REJECT_ADDR_REG (0x03F4)
NS
?QO
C/}/
%
Q/S
@/
©
N
&
‘31 0‘
‘ 0 ‘Reset

GDMA_EXTMEM_REJECT_ADDR This register store the first address rejected by permission control
when accessing external RAM. (RO)

Espressif Systems 383 ESP32-S3 TRM (Version 1.2)

Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.2

3 GDMA Controller (GDMA) GoBack

Register 3.42. GDMA_EXTMEM_REJECT_ST_REG (0x03F8)

‘31 12 (11 65 2|1 0‘

GDMA_EXTMEM_REJECT_ATRR Read or write attribute of the rejected access. Bit O: if this bit is
1, the rejected access is READ. Bit 1: if this bit is 1, the rejected access is WRITE. (RO)

GDMA_EXTMEM_REJECT_CHANNEL_NUM This field indicates the channel used for the rejected
access. (RO)

GDMA_EXTMEM_REJECT_PERI_NUM This bit indicates the peripheral whose access was re-
jected. (RO)

Register 3.43. GDMA_DATE_REG (0x040C)

E 3

‘ 0x2101180 \ Reset

GDMA_DATE This is the version control register. (R/W)
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4 System and Memory

4.1 Overview

The ESP32-S3 is a dual-core system with two Harvard Architecture Xtensa® LX7 CPUs. All internal memory,
external memory, and peripherals are located on the CPU buses.

4.2 Features
e Address Space

— 848 KB of internal memory address space accessed from the instruction bus
- 560 KB of internal memory address space accessed from the data bus
- 836 KB of peripheral address space
- 32 MB of external memory virtual address space accessed from the instruction bus
— 32 MB external memory virtual address space accessed from the data bus
- 480 KB of internal DMA address space

— 32 MB of external DMA address space

Internal Memory
— 384 KB Internal ROM
- 512 KB Internal SRAM
- 8 KB RTC FAST Memory

- 8 KB RTC SLOW Memory

External Memory
— Supports up to 1 GB external flash

— Supports up to 1 GB external RAM

Peripheral Space

— 45 modules/peripherals in total

GDMA
- 11 GDMA-supported modules/peripherals

Figure 4-1 illustrates the system structure and address mapping.
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0x0000_0000
0x3BFF_FFFF

Data bus 0x3C00_0000 32 MB
0x3DFF_FFFF External memory

0x3E00_0000

Reserved

0x3FC8_7FFF RESSed

0x3FC8_8000 480 KB Data bus

O0x3FCF_FFFF Internal memory ‘
0x3FDO_0000

OX3FEF_FFFF R

0x3FF0_0000 128 KB Data bus
Ox3FF1_FFFF Internal memory > ROM SRAM <

Cache O0x3FF2_0000

OX3FFF_FFFF IResEvEd

0x4000_0000 384 KB Instruction bus
0x4005_FFFF Internal memory

0x4006_0000
0x4036_FFFF

0x4037_0000 448 KB Instruction bus
0x403D_FFFF Internal memory

Reserved

External < MMU

memory

0x403E_0000

A 0x41FF_FFFF RESepEd

Instruction bus 0x4200_0000 32 MB GDMA
0x43FF_FFFF External memory
0x4400_0000
= Reserved

GEAA [AAA Data/Instruction
0x5000_0000 8 KB bus

RTC SLOW Memor

|

0x5000_1FFF Internal memory

0x5000_2000

OXSFFF_FFFF — ) ’—*‘
Data/Instruction RTC Peripheral

0x6000_0000 836 KB bus -

0x600D_OFFF Peripherals

OXFFFF_FFFF

0x600F_EO00 8 KB
0x600F_FFFF Internal memory

0x6010_0000
OXFFFF_FFFF

RTC FAST Memory

|

Reserved

Figure 4-1. System Structure and Address Mapping

Note:

e The address space with gray background is not available to users.
e The memory or peripheral marked with a red pentagram can be accessed by the ULP co-processor.

e The range of addresses available in the address space may be larger than the actual available memory of a particular
type.

4.3 Functional Description

4.3.1 Address Mapping

The system contains two Harvard Architecture Xtensa® LX7 CPUs, and both can access the same range of
address space.

Addresses below 0x4000_0000 are accessed using the data bus. Addresses in the range of 0x4000_0000 ~
Ox4FFF_FFFF are accessed using the instruction bus. Addresses over and including 0x5000_0000 are shared by
both data bus and instruction bus.

Both data bus and instruction bus are little-endian. The CPU can access data via the data bus using single-byte,
double-byte, 4-byte and 16-byte alignment. The CPU can also access data via the instruction bus, but only in
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4-byte aligned manner; non-aligned data access will cause a CPU exception.

The CPU can:
e directly access the internal memory via both data bus and instruction bus;
e directly access the external memory which is mapped into the address space via cache;
e directly access modules/peripherals via data bus.

Figure 4-1 lists the address ranges on the data bus and instruction bus and their corresponding target
memory.

Some internal and external memory can be accessed via both data bus and instruction bus. In such cases, the
CPU can access the same memory using multiple addresses.

4.3.2 Internal Memory
The ESP32-S3 consists of the following three types of internal memory:

¢ |Internal ROM (384 KB): The internal ROM is a read-only memory and cannot be programmed. Internal
ROM contains the ROM code (software instructions and some software read-only data) of some low level
system software.

¢ Internal SRAM (512 KB): The Internal Static RAM (SRAM) is a volatile memory that can be quickly accessed
by the CPU (generally within a single CPU clock cycle).

- A part of the SRAM can be configured to operate as a cache for external memory access, which
cannot be accessed by CPU in such case.

— Some parts of the SRAM can only be accessed via the CPU'’s instruction bus.
— Some parts of the SRAM can only be accessed via the CPU'’s data bus.
- Some parts of the SRAM can be accessed via both the CPU’s instruction bus and the CPU’s data bus.

e RTC Memory (16 KB): The RTC (Real Time Clock) memory implemented as Static RAM (SRAM) and thus is
volatile. However, RTC memory has the added feature of being persistent throughout deep sleep (i.e., the
RTC memory retains its values throughout deep sleep).

- RTC FAST Memory (8 KB): RTC FAST memory can only be accessed by the CPU, and cannot be
accessed by the ULP co-processor. It is generally used to store instructions and data that needs to
persist across a deep sleep.

- RTC SLOW Memory (8 KB): The RTC SLOW memory can be accessed by both the CPU and the ULP
co-processor, and thus is generally used to store instructions and share data between the CPU and
the ULP co-processor.

Based on the three different types of internal memory described above, the internal memory of the ESP32-S3 is
split into four segments: Internal ROM (384 KB), Internal SRAM (512 KB), RTC FAST Memory (8 KB) and RTC
SLOW Memory (8 KB). However, within each segment, there may be different bus access restrictions (e.g., some
parts of the segment may only be accessible by the CPU’s instruction bus). Therefore, some segments are also
further divided down into parts. Table 4-1 describes each part of internal memory and their address ranges on
the data bus and/or instruction bus.
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Table 4-1. Internal Memory Address Mapping

Boundary Address .

Bus Type = Size (KB) Target

Low Address | High Address

Ox3FFO_0000 | Ox3FF1_FFFF 128 Internal ROM 1
Data b Ox3FC8_8000 | Ox3FCE_FFFF 416 Internal SRAM 1

ata bus

Ox3FCF_0000 | Ox3FCF_FFFF 64 Internal SRAM 2

0x4000_0000 | Ox4003_FFFF 256 Internal ROM 0

0x4004_0000 | Ox4005_FFFF 128 Internal ROM 1
Instruction bus 0x4037_0000 | 0x4037_7FFF 32 Internal SRAM 0

0x4037_8000 | Ox403D_FFFF 416 Internal SRAM 1

) 0x5000_0000 | 0x5000_1FFF 8 | RTC SLOW Memory

Data/Instruction bus

0x600F_EO0O0 | OxB00F_FFFF 8 | RTC FAST Memory
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Note:
All of the internal memories are managed by Permission Control module. An internal memory can only be accessed
when it is allowed by Permission Control, then the internal memory can be available to the CPU. For more information
about Permission Control, please refer to Chapter 15 Permission Control (PMS).

1. Internal ROM 0

Internal ROM 0 is a 256 KB, read-only memory space, addressed by the CPU only through the instruction bus,
as shown in Table 4-1.

2. Internal ROM 1

Internal ROM 1 is a 128 KB, read-only memory space, addressed by the CPU through the instruction bus via
0x4004_0000 ~ 0x4005_FFFF or through the data bus via Ox3FFO_0000 ~ Ox3FF1_FFFF in the same order, as
shown in Table 4-1.

This means, for example, address 0x4004_0000 and Ox3FF0_0000 correspond to the same word, 0x4004_0004
and Ox3FFO0_0004 correspond to the same word, 0x4004_0008 and Ox3FF0_0008 correspond to the same
word, etc (same below).

3. Internal SRAM 0

Internal SRAM 0 is a 32 KB, read-and-write memory space, addressed by the CPU through the instruction bus,
as shown in Table 4-1.

A 16 KB or the total 32 KB of this memory space can be configured as instruction cache (ICache) to store
instructions or read-only data of the external memory. In this case, the occupied memory space cannot be
accessed by the CPU, while the remaining can still can be accessed by the CPU.

4. Internal SRAM 1

Internal SRAM 1 is a 416 KB, read-and-write memory space, addressed by the CPU through the data bus or
instruction bus in the same order, as shown in Table 4-1.

The total 416 KB memory space comprises multiple 8 KB and 16 KB memory (sub-memory) blocks. A memory
block (up to 16 KB) can be used as a Trace Memory, in which case this block can still be accessed by the
CPU.

5. Internal SRAM 2

Internal SRAM 2 is a 64 KB, read-and-write memory space, addressed by the CPU through the data bus, as
shown in Table 4-1.

A 32 KB or the total 64 KB can be configured as data cache (DCache) to cache data of the external memory. The
space used as DCache cannot be accessed by the CPU, while the remaining space can still be accessed by the
CPU.

6. RTC FAST Memory

RTC FAST Memory is a 8 KB, read-and-write SRAM, addressed by the CPU through the data/instruction bus via
the shared address 0x600F_EOOO ~ Ox600F_FFFF, as described in Table 4-1.

7. RTC SLOW Memory

RTC SLOW Memory is a 8 KB, read-and-write SRAM, addressed by the CPU through the data/instruction bus
via shared address 0x5000_EOOO ~ 0x5001_FFFF, as described in Table 4-1.

Espressif Systems 389 ESP32-S3 TRM (Version 1.2)
Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.2

4 System and Memory GoBack

RTC SLOW Memory can also be used as a peripheral addressable to the CPU via 0x6002_1000 ~
0x6002_2FFF.

4.3.3 External Memory

ESP32-S3 supports SPI, Dual SPI, Quad SPI, Octal SPI, QPI, and OPI interfaces that allow connection to
external flash and RAM. It also supports hardware encryption and decryption based on XTS_AES algorithm to
protect users’ programs and data in the external flash and RAM.

4.3.3.1 External Memory Address Mapping

The CPU accesses the external memory via the cache. According to information inside the MMU (Memory
Management Unit), the cache maps the CPU'’s instruction/data bus address into a physical address of the
external flash and RAM. Due to this address mapping, ESP32-S3 can address up to 1 GB external flash and 1
GB external RAM.

Using the cache, ESP32-S3 is able to support the following address space mappings at a time:

e Up to 32 MB instruction bus address space can be mapped to the external flash or RAM as individual 64
KB blocks via the ICache. 4-byte aligned reads and fetches are supported.

e Up to 32 MB data bus address space can be mapped to the external RAM as individual 64 KB blocks via
the DCache. Single-byte, double-byte, 4-byte, 16-byte aligned reads and writes are supported. This
address space can also be mapped to the external flash or RAM for read operations only.

Table 4-2 lists the mapping between the cache and the corresponding address ranges on the data bus and
instruction bus.

Table 4-2. External Memory Address Mapping

Boundary Address .
Bus Type . Size (MB) | Target
Low Address | High Address
Data bus 0x3C00_0000 | Ox3DFF_FFFF 32 | DCache
Instruction bus 0x4200_0000 | Ox43FF_FFFF 32 | ICache

Note:
Only if the CPU obtains permission for accessing the external memory, can it be responded for memory access.

For more detailed information about permission control, please refer to Chapter 15 Permission Control (PMS).

4.3.3.2 Cache

As shown in Figure 4-2, ESP32-S3 has a dual-core-shared ICache and DCache structure, which allows prompt
response upon simultaneous requests from the instruction bus and data bus. Some internal memory space can
be used as cache (see Internal SRAM 0 and Internal SRAM 2 in Section 4.3.2).

When the instruction bus of two cores initiate a request on ICache simultaneously, the arbiter determines which
core gets the access to the ICache first; when the data bus of two cores initiate a request on DCache
simultaneously, the arbiter determines which gets the access to the DCache first. When a cache miss occurs, the
cache controller will initiate a request to the external memory. When |Cache and DCache initiate requests on the
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external memory simultaneously, the arbiter determines which gets the access to the external memory first. The
size of ICache can be configured to 16 KB or 32 KB, while its block size can be configured to 16 B or 32 B.
When an ICache is configured to 32 KB, its block cannot be 16 B. The size of DCache can be configured to 32
KB or 64 KB, while its block size can be configured to 16 B, 32 B or 64 B. When a DCache is configured to 64
KB, its block cannot be 16 B.

CPU Core0 CPU Corel
Instruction busl ‘
Instruction bus0 Data bus0 Data busl
4 ‘ A
ICache |- MMU » DCache

' N\ Anter

Internal Internal
Memory Memory
External
Memory

Figure 4-2. Cache Structure

4.3.3.3 Cache Operations

ESP32-S3 caches support the following operations:

1. Write-Back: This operation is used to clear the dirty bits in dirty blocks and update the new data to the
external memory. After the write-back operation finished, both the external memory and the cache are
bearing the new data. The CPU can then read/write the data directly from the cache. Only DCache has this
function.

If the data in the cache is newer than the one stored in the external memory, then the new data will be
considered as a dirty block. The cache tracks these dirty blocks through their dirty bits. When the dirty bits
of a data are cleared, the cache will consider the data as new.

2. Clean: This operation is used to clear dirty bits in the dirty block, without updating data to the external
memory. After the clean operation finish, there will still be old data stored in the external memory, while the
cache keeps the new one (but the cache does not know about this). The CPU can then read/write the data
directly from the cache. Only DCache has this function.

3. Invalidate: This operation is used to remove valid data in the cache. Even if the data is a dirty block
mentioned above, it will not be updated to the external memory. But for the non-dirty data, it will be only
stored in the external memory after this operation. The CPU needs to access the external memory in order
to read/write this data. As for the dirty blocks, they will be totally lost with only old data in the external
memory after this operation. There are two types of invalidate operation: automatic invalidation
(Auto-Invalidate) and manual invalidation (Manual-Invalidate). Manual-Invalidate is performed only on data in
the specified area in the cache, while Auto-Invalidate is performed on all data in the cache. Both ICache
and DCache have this function.

4. Preload: This operation is to load instructions and data into the cache in advance. The minimum unit of
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preload-operation is one block. There are two types of preload-operation: manual preload
(Manual-Preload) and automatic preload (Auto-Preload). Manual-Preload means that the hardware
prefetches a piece of continuous data according to the virtual address specified by the software.
Auto-Preload means the hardware prefetches a piece of continuous data according to the current address
where the cache hits or misses (depending on configuration). Both ICache and DCache have this function.

5. Lock/Unlock: The lock operation is used to prevent the data in the cache from being easily replaced.
There are two types of lock: prelock and manual lock. When prelock is enabled, the cache locks the data
in the specified area when filling the missing data to cache memory, while the data outside the specified
area will not be locked. When manual lock is enabled, the cache checks the data that is already in the
cache memory and locks the data only if it falls in the specified area, and leaves the data outside the
specified area unlocked. When there are missing data, the cache will replace the data in the unlocked way
first, so the data in the locked way is always stored in the cache and will not be replaced. But when all
ways within the cache are locked, the cache will replace data, as if it was not locked. Unlocking is the
reverse of locking, except that it only can be done manually. Both ICache and DCache have this function.

Please note that the writing-back, cleaning and Manual-Invalidate operations will only work on the unlocked
data. If you expect to perform such operations on the locked data, please unlock them first.

4.3.4 GDMA Address Space

The GDMA (General Direct Memory Access) peripheral in ESP32-S3 can provide DMA (Direct Memory Access)
services including:

e Data transfers between different locations of internal memory;
e Data transfers between internal memory and external memory;
¢ Data transfers between different locations of external memory.

GDMA uses the same addresses as the CPU’s data bus to access Internal SRAM 1 and Internal SRAM 2.
Specifically, GDMA uses address range 0x3FC8_8000 ~ 0x3FCE_FFFF to access Internal SRAM 1 and
Ox3FCF_0000 ~ Ox3FCF_FFFF to access Internal SRAM 2. Note that GDMA cannot access the internal memory
occupied by cache.

In addition, GDMA can access the external memory (only RAM) via the same address as CPU accessing DCache
(OxBC00_0000 ~ Ox3DFF_FFFF). When DCache and GDMA access the external memory simultaneously, the
software needs to make sure the data is consistent.

Besides, some peripherals/modules of the ESP32-S3 can work together with GDMA. In these cases, GDMA can
provide the following powerful services for them:

e Data transfers between modules/peripherals and internal memory;
¢ Data transfers between modules/peripherals and external memory.

There are 11 peripherals/modules that can work together with GDMA. As shown in Figure 4-3, these 11 vertical
lines in turn correspond to these 11 peripherals/modules with GDMA function, the horizontal line represents a
certain channel of GDMA (can be any channel), and the intersection of the vertical line and the horizontal line
indicates that a peripheral/module has the ability to access the corresponding channel of GDMA. If there are
multiple intersections on the same line, it means that these peripherals/modules cannot enable the GDMA
function at the same time.
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Figure 4-3. Peripherals/modules that can work with GDMA

These peripherals/modules can access any memory available to GDMA. For more information, please refer to
Chapter 3 GDMA Controller (GDMA,).

Note:
When accessing a memory via GDMA, a corresponding access permission is needed, otherwise this access may

fail. For more information about permission control, please refer to Chapter 15 Permission Control (FMS).

4.3.5 Modules/Peripherals

The CPU can access modules/peripherals via 0x6000_0000 ~ 0x600D_0FFF shared by the data/instruction
bus.

4.3.5.1 Module/Peripheral Address Mapping

Table 4-3 lists all the modules/peripherals and their respective address ranges. Note that the address space of
specific modules/peripherals is defined by "Boundary Address” (including both Low Address and High
Address).

Table 4-3. Module/Peripheral Address Mapping

Boundary Address .
Target . Size (KB) | Notes
Low Address | High Address
UART Controller O 0x6000_0000 | Ox6000_OFFF 4
Reserved 0x6000_1000 | Ox6000_1FFF
SPI Controller 1 0x6000_2000 | Ox6000_2FFF 4
SPI Controller O 0x6000_3000 | OxB6000_3FFF 4
GPIO 0x6000_4000 | Ox6000_4FFF 4
Reserved 0x6000_5000 | Ox6000_6FFF
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Table 4-3 - cont’d from previous page

Boundary Address .

Target . Size (KB) | Notes

Low Address | High Address
eFuse Controller 0xB6000_7000 | Ox6000_7FFF 4
Low-Power Management 0x6000_8000 | Ox6000_8FFF 4
IO MUX 0x6000_9000 | Ox6000_9FFF 4
Reserved O0x6000_A000 | Ox6000_EFFF
12S Controller O Ox6000_FO00 | Ox6000_FFFF 4
UART Controller 1 0x6001_0000 | Ox6001_OFFF 4
Reserved 0x6001_1000 | Ox6001_2FFF
12C Controller O 0x6001_3000 | Ox6001_3FFF 4
UHCIO 0x6001_4000 | Ox6001_4FFF 4
Reserved 0x6001_5000 | O0x6001_5FFF
Remote Control Peripheral 0x6001_6000 | 0x6001_6FFF 4
Pulse Count Controller 0x6001_7000 | 0x6001_7FFF 4
Reserved 0x6001_8000 | Ox6001_8FFF
LED PWM Controller 0x6001_9000 | 0x6001_9FFF 4
Reserved O0x6001_A000 | 0x6001_DFFF
Motor Control PWM 0O Ox6001_E000 | Ox6001_EFFF 4
Timer Group O 0x6001_FO00 | Ox6001_FFFF 4
Timer Group 1 0x6002_0000 | Ox6002_OFFF 4
RTC SLOW Memory 0x6002_1000 | 0x6002_2FFF 8
System Timer 0x6002_3000 | Ox6002_3FFF 4
SPI Controller 2 0x6002_4000 | 0x6002_4FFF 4
SPI Controller 3 0x6002_5000 | Ox6002_5FFF 4
APB Controller 0x6002_6000 | 0x6002_6FFF 4
12C Controller 1 0x6002_7000 | 0x6002_7FFF 4
SD/MMC Host Controller 0x6002_8000 | Ox6002_8FFF 4
Reserved 0x6002_9000 | O0x6002_AFFF
Two-wire Automotive Interface 0x6002_B000 | Ox6002_BFFF 4
Motor Control PWM 1 0x6002_C000 | 0x6002_CFFF 4
12S Controller 1 0x6002_D000 | 0x6002_DFFF 4
UART controller 2 O0x6002_E000 | 0x6002_EFFF 4
Reserved O0x6002_F000 | Ox6003_7FFF
USB Serial/JTAG Controller 0x6003_8000 | 0x6003_8FFF 4
USB External Control registers 0x6003_9000 | Ox6003_9FFF 4|1
AES Accelerator OxB6003_A000 | Ox6003_AFFF 4
SHA Accelerator 0x6003_B000 | 0x6003_BFFF 4
RSA Accelerator 0x6003_C000 | 0x6003_CFFF 4
Digital Signature 0x6003_D000 | Ox6003_DFFF 4
HMAC Accelerator Ox6003_EO0O | Ox6003_EFFF 4
GDMA Controller O0x6003_FO00 | OxB6003_FFFF 4
ADC Controller 0x6004_0000 | 0x6004_OFFF 4
Camera-LCD Controller 0x6004_1000 | Ox6004_1FFF 4
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Table 4-3 - cont’d from previous page

Boundary Address .

Target . Size (KB) | Notes

Low Address | High Address
Reserved 0x6004_2000 | Ox6007_FFFF
USB core registers 0x6008_0000 | Ox600B_FFFF 256 | 1
System Registers 0x600C_0000 | Ox600C_OFFF 4
Sensitive Register 0x600C_1000 | Ox600C_1FFF 4
Interrupt Matrix 0x600C_2000 | Ox600C_2FFF 4
Reserved 0x600C_3000 | Ox600C_3FFF
Configure Cache 0x600C_4000 | 0x600C_BFFF 32
External Memory Encryption and | Ox600C_C000 | 0x600C_CFFF 4
Decryption
Reserved 0x600C_DO000 | 0x600C_DFFF
Debug Assist 0x600C_EO00 | Ox600C_EFFF 4
Reserved O0x600C_FO00 | Ox600C_FFFF
World Controller Ox600D_0000 | Ox600D_OFFF 4

Note:

1. The address space in this module/peripheral is not continuous.

2. The CPU needs to obtain the access permission to a certain module/peripheral when initiating a request to access

it, otherwise it may fail. For more information of permission control, please see Chapter 15 Permission Control (PMS).
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5 eFuse Controller

5.1 Overview

The ESP32-S3 contains a 4-Kbit eFuse to store parameters. These parameters are burned and read by an eFuse
Controller. Once an eFuse bit is programmed to 1, it can never be reverted to 0. The eFuse controller programs
individual bits of parameters in eFuse according to users configurations. Some of these parameters can be read
by users using the eFuse controller. If read-protection for some data is not enabled, that data is readable from
outside the chip. If read-protection is enabled, that data can not be read from outside the chip. In all cases,
however, some keys stored in eFuse can still be used internally by hardware cryptography modules such as
Digital Signature, HMAC, etc., without exposing this data to the outside world.

5.2 Features

4-Kbit in total, with 1792 bits available for users

One-time programmable storage

Configurable write protection

e Configurable read protection

Various hardware encoding schemes protect against data corruption

5.3 Functional Description

5.3.1 Structure

The eFuse data is organized in 11 blocks (BLOCKO ~ BLOCK10). BLOCKO has 640 bits in totall. BLOCK1 has
288 bits and each block of BLOCK2 ~ 10 has 352 bits.

BLOCKO, which holds most parameters, has 25 bits that are readable but useless to users (the details are
showed in Section 5.3.2), and 29 further bits are reserved for future use.

Table 5-1 lists all the parameters in BLOCKO and their offsets, bit widths, as well as information on whether they
can be used by hardware, which bits are write-protected, and corresponding descriptions.

The EFUSE_WR_DIS parameter is used to disable the writing of other parameters, while EFUSE_RD_DIS is
used to disable users from reading BLOCK4 ~ BLOCK10. For more information on these two parameters, please
see Section 5.3.1.1 and Section 5.3.1.2.
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Table 5-1. Parameters in eFuse BLOCKO

Programming-Protection

Parameters ?’it Accessible by EFUSE_WR_DIS Description
Width | by Hardware .
Bit Number

EFUSE_WR_DIS 32 Y N/A | Represents whether writing of individual eFuses is disabled.

Represents whether users’ reading from BLOCK4 ~ 10 is
EFUSE_RD_DIS 7 Y 0| |

disabled.
EFUSE_DIS_ICACHE 1 Y 2 | Represents whether iCache is disabled.
EFUSE_DIS_DCACHE 1 Y 2 | Represents whether dCache is disabled.
EFUSE_DIS_DOWNLOAD_ICACHE 1 Y 2 | Represents whether iCache is disabled in Download mode.
EFUSE_DIS_DOWNLOAD_DCACHE 1 Y 2 | Represents whether dCache is disabled in Download mode.

Represents whether the function that forces chip into down-
EFUSE_DIS_FORCE_DOWNLOAD 1 Y 2 o

load mode is disabled.
EFUSE_DIS_USB_OTG 1 Y 2 | Represents whether USB OTG function is disabled.
EFUSE_DIS_TWAI 1 Y 2 | Represents whether TWAI Controller is disable.
EFUSE_DIS_APP_CPU 1 Y 2 | Represents whether app CPU is disable.
EFUSE_SOFT_DIS_JTAG 3 Y 31 | Represents whether JTAG with soft-disable is disabled.
EFUSE_DIS_PAD_JTAG 1 Y 2 | Represents whether pad JTAG is permanently disabled.

Represents whether flash encryption is disabled in Download
EFUSE_DIS_DOWNLOAD_ MANUAL_ENCRYPT 1 Y 2

boot modes.
EFUSE_USB_EXCHG_PINS 1 Y 30 | Represents whether USB D+ and D- pins are swapped.
EFUSE_EXT_PHY_ENABLE 1 N 30 | Represents whether external USB PHY is disabled.
EFUSE_VDD_SPI_XPD 1 Y 3 | Represents whether Flash Voltage Regulator is powered up.

Represents whether Flash Voltage Regulator output is short
EFUSE_VDD_SPI_TIEH 1 Y 3

connected to VDD3P3_RTC_IO.

Represents whether to force using EFUSE_VDD_SPI_XPD
EFUSE_VDD_SPI_FORCE 1 Y 3 ,

and EFUSE_VDD_SPI_TIEH to configure flash voltage LDO.
EFUSE_WDT_DELAY_SEL 2 Y 3 | Represents RTC watchdog timeout threshold.
EFUSE_SPI_BOOT_CRYPT_CNT 3 Y 4 | Represents whether SPI boot encrypt/decrypt is disabled.

Cont’d on next page

Jg|louoD esn4e G

3oegqoy


https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.2

SOBQP&8] UOBIUaLWNO0( JIWGNS

SWe1sAg Jissaids]

86¢€

(¢ uoision) INHL £€S-26dS3

Table 5-1 — cont’d from previous page

Programming-Protection

Parameters Bit | Accessible by EFUSE WR DIS | Description
Width | by Hardware .
Bit Number

EFUSE_SECURE_BOOT_KEY_ REVOKEO 1 N 5 | Represents whether the first secure boot key is revoked.
EFUSE_SECURE_BOOT_KEY_ REVOKET1 1 N 6 | Represents whether the second secure boot key is revoked.
EFUSE_SECURE_BOOT_KEY_ REVOKE2 1 N 7 | Represents whether the third secure boot key is revoked.
EFUSE_KEY_PURPOSE_O 4 Y 8 | Represents Key0 purpose, see Table 5-2.
EFUSE_KEY_PURPOSE _1 4 Y 9 | Represents Key1 purpose, see Table 5-2.
EFUSE_KEY_PURPOSE_2 4 Y 10 | Represents Key?2 purpose, see Table 5-2.
EFUSE_KEY_PURPOSE_3 4 Y 11 | Represents Key3 purpose, see Table 5-2.
EFUSE_KEY_PURPOSE_4 4 Y 12 | Represents Key4 purpose, see Table 5-2.
EFUSE_KEY_PURPOSE_5 4 Y 13 | Represents Keyb purpose, see Table 5-2.
EFUSE_SECURE_BOOT_EN 1 N 15 | Represents whether secure boot is enabled.

Represents whether aggressive revoke of secure boot keys
EFUSE_SECURE_BOOT_AGG RESSIVE_REVOKE 1 N 16 | .

is enabled.

Represents whether the function of usb_serial_jtag that
EFUSE_DIS_USB_JTAG 1 Y 2 , o

switch usb to jtag is disabled.
EFUSE_DIS_USB_SERIAL_JTAG 1 Y 2 | Represents whether usb_serial_jtag function is disabled.

Represents whether to enable selection between
EFUSE_STRAP_JTAG_SEL 1 Y 2 | usb_to_jtag or pad_to_jtag through GPIOS. 0: pad_to_jtag;

1: usb_to_jtag.

Represents the connection relationship between internal
EFUSE_USB_PHY_SEL 1 Y 2 ,

PHY, external PHY, and USB OTG, USB Serial/JTAG.
EFUSE_FLASH_TPUW 4 N 18 | Represents flash waiting time after power-up.
EFUSE_DIS_DOWNLOAD_MODE 1 N 18 | Represents whether all download modes are disabled.
EFUSE_DIS_LEGACY_SPI_BOOT 1 N 18 | Represents whether Legacy SPI is disabled.
EFUSE_DIS_USB_PRINT 1 N 18 | Represents whether USB printing is disabled.
EFUSE_FLASH_ECC_MODE 1 N 18 | Represents the flash ECC mode in ROM.
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Table 5-1 — cont’d from previous page

Programming-Protection

Parameters Bit | Accessible by EFUSE WR DIS | Description
Width | by Hardware .
Bit Number

Represents whether download through USB-Serial-JTAG is
EFUSE_DIS_USB_SERIAL_JTAG_DOWNLOAD_MODE 1 N 18 ,

disabled.

Represents whether secure UART download mode is en-
EFUSE_ENABLE_SECURITY_ DOWNLOAD 1 N 18 bled

abled.
EFUSE_UART_PRINT_CONTROL 2 N 18 | Represents the default UART boot message output mode.
EFUSE_PIN_POWER_SELECTION 1 N 18 | Represents GPIO33 ~ GPIO37 power supply selection.
EFUSE_FLASH_TYPE 1 N 18 | Represents the maximum data lines of SPI flash.
EFUSE_FLASH_PAGE_SIZE 2 N 18 | Represents the page size of flash.
EFUSE_FLASH_ECC_EN 1 N 18 | Represents whether ECC for flash boot is enabled.

Represents whether to force ROM code to send a resume
EFUSE_FORCE_SEND_RESUME 1 N 18 ,

command during SPI boot.
EFUSE_SECURE_VERSION 16 N 18 | Represents IDF secure version.

Represents whether download through USB-OTG is dis-
EFUSE_DIS_USB_OTG_DOWNLOAD_MODE 1 N 19

abled.
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Table 5-2 lists all key purpose and their values. Setting the eFuse parameter EFUSE_KEY_PURPOSE_n declares
the purpose of KEYn (n: 0 ~ 5).

Table 5-2. Secure Key Purpose Values

Key
Purpose | Purposes
Values
0 User purposes
1 Reserved
2 XTS_AES_256_KEY_1 (flash/SRAM encryption and decryption)
3 XTS_AES_256_KEY_2 (flash/SRAM encryption and decryption)
4 XTS_AES_128_KEY (flash/SRAM encryption and decryption)
5 HMAC Downstream mode
6 JTAG in HMAC Downstream mode
7 Digital Signature peripheral in HMAC Downstream mode
8 HMAC Upstream mode
9 SECURE_BOOT_DIGESTO (secure boot key digest)
10 SECURE_BOOT_DIGEST1 (secure boot key digest)
11 SECURE_BOOT_DIGEST?2 (secure boot key digest)

Table 5-3 provides the details of parameters in BLOCK1 ~ BLOCK10.
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Table 5-3. Parameters in BLOCK1 to BLOCK10

Write Protection

Read Protection

BLOCK Parameters Bit Width | A°°sSPle |\ crUse wR DIs | by EFUSE RD DIs | Description
by Hardware Bit Number Bit Number
BLOCK1 EFUSE_MAC 48 N 20 N/A | MAC address
EFUSE_SPI_PAD_ [0:5] N 20 N/A | CLK
CONFIGURE [6:11] N 20 N/A | Q (D1)
[12:17] N 20 N/A | D (DO)
[18:23] N 20 N/A | CS
[24:29] N 20 N/A | HD (D3)
[30:35] N 20 N/A | WP (D2)
[36:41] N 20 N/A | DQS
[42:47] N 20 N/A | D4
[48:53] N 20 N/A | D5
[54:59] N 20 N/A | D6
[60:65] N 20 N/A | D7
EFUSE_WAFER_VERSION [0:2] N 20 N/A | System data
EFUSE_PKG_VERSION [0:2] N 20 N/A | System data
EFUSE_SYS_DATA_PARTO 72 N 20 N/A | System data
BLOCK?2 EFUSE_OPTIONAL_UNIQUE_ID 128 N 20 N/A | System data
EFUSE_SYS_DATA_PART1 128 N 21 N/A | System data
BLOCK?2 EFUSE_SYS_DATA_PART1 256 N 21 N/A | System data
BLOCKS3 EFUSE_USR_DATA 256 N 22 N/A | User data
BLOCK4 EFUSE_KEYO_DATA 256 Y 23 0 | KEYO or user data
BLOCK5 EFUSE_KEY1_DATA 256 Y 24 1 | KEY1 or user data
BLOCK®6 EFUSE_KEY2_DATA 256 Y 25 2 | KEY2 or user data
BLOCKY7 EFUSE_KEY3_DATA 256 Y 26 3 | KEY3 or user data
BLOCKS EFUSE_KEY4_DATA 256 Y 27 4 | KEY4 or user data
BLOCK9 EFUSE_KEY5_DATA 256 Y 28 5 | KEY5 or user data
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Among these blocks, BLOCK4 ~ 9 store KEYO ~ 5, respectively. Up to six 256-bit keys can be written into eFuse.
Whenever a key is written, its purpose value should also be written (see table 5-2). For example, when a key for
the JTAG function in HMAC Downstream mode is written to KEY3 (i.e., BLOCK?Y), its key purpose value 6 should
also be written to EFUSE_KEY_PURPOSE_S.

BLOCK1 ~ BLOCK10 use the RS coding scheme, so there are some restrictions on writing to these parameters.
For more detailed information, please refer to Section 5.3.1.3 and 5.3.2.

5.3.1.1 EFUSE_WR_DIS

Parameter EFUSE_WR_DIS determines whether individual eFuse parameters are write-protected. After
EFUSE_WR_DIS has been programmed, execute an eFuse read operation to let the new values take effect (see
Section 5.3.3).

Column “Write Protection by EFUSE_WR_DIS Bit Number” in Table 5-1 and Table 5-3 list the specific bits in
EFUSE_WR_DIS that disable writing.

When the write protection bit of a parameter is set to 0, it means that this parameter is not write-protected and
can be programmed.

Setting the write protection bit of a parameter to 1 enables write-protection for it and none of its bits can be
modified afterwards. Non-programmed bits always remain O while programmed bits always remain 1.

5.3.1.2 EFUSE_RD_DIS

Only the eFuse blocks BLOCK4 ~ BLOCK10 can be individually read protected to prevent any access from
outside the chip, as shown in column “Read Protection by EFUSE_RD_DIS Bit Number” of Table 5-3. After
EFUSE_RD_DIS has been programmed, execute an eFuse read operation to let the new values take effect (see
Section 5.3.3).

If a bit in EFUSE_RD_DIS is 0, then the eFuse block can be read by users; if a bit in EFUSE_RD_DIS is 1, then the
parameter controlled by this bit is user read protected.

Other parameters that are not in BLOCK4 ~ BLOCK10 can always be read by users.

When BLOCK4 ~ BLOCK10 are set to be read-protected, the data in these blocks are not readable by users, but
they can still be used internally by hardware cryptography modules, if the EFUSE_KEY_PURPOSE_n bit is set
accordingly.

5.3.1.3 Data Storage

According to the different types of eFuse bits, eFuse controller use two hardware encoding schemes to protect
eFuse bits from corruption.

All BLOCKO parameters except for EFUSE_WR_DIS are stored with four backups, meaning each bit is stored
four times. This scheme is transparent to the user. This encoding scheme is invisible for users.

BLOCK1 ~ BLOCK10 store key data and some parameters and use RS (44, 32) coding scheme that supports up
to 6 bytes of automatic error correction. The primitive polynomial of RS (44, 32) is
p(r) =28 + 2 + 23 + 22 + 1.

The shift register circuit shown in Figure 5-1 and 5-2 processes 32 data bytes using RS (44, 32). This coding
scheme encodes 32 bytes of data into 44 bytes:
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Input m1, m2,...,m32 Output1 ~ 32|
Figure 5-1. Shift Register Circuit (output of first 32 bytes)
Output 33 ~ 44
DFF12 DFFi1 DFF10 DFF9 DFF3 DFF2  DFFi

Figure 5-2. Shift Register Circuit (output of last 12 bytes)

e Bytes [0:31] are the data bytes itself

e Bytes [32:43] are the encoded parity bytes stored in 8-bit flip-flops DFF1, DFF2, ..., DFF12 (gf_mul_n,
where n is an integer, is the result of multiplying a byte of data ...)

After that, the hardware burns into eFuse the 44-byte codeword consisting of the data bytes followed by the
parity bytes.

When the eFuse block is read back, the eFuse controller automatically decodes the codeword and applies error
correction if needed.

Because the RS check codes are generated on the entire 256-bit eFuse block, each block can only be written
once.

5.3.2 Programming of Parameters

The eFuse controller can only program eFuse parameters of one block at a time. BLOCKO ~ BLOCK10 share the
same address range to store the parameters to be programmed. Configure parameter EFUSE_BLK_NUM to
indicate which block should be programmed.

Before programming, make sure the eFuse programming voltage VDDQ is configured correctly as described in
Section 5.3.4.

Programming BLOCKO
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When EFUSE_BLK_NUM is set to 0, BLOCKO will be programmed. Register EFUSE_PGM_DATAO_REG stores
EFUSE_WR_DIS. Registers EFUSE_PGM_DATA1_REG ~ EFUSE_PGM_DATA5_REG store the information of
parameters to be programmed. Note that 25 bits are readable but useless to users and must always be set to O
in the programming registers. The specific bits are:

e EFUSE_PGM_DATA1_REG[27:31]

EFUSE_PGM_DATA1_REG[21:24]

EFUSE_PGM_DATA2_REG[7:15]

EFUSE_PGM_DATA2_REGI0:3]

EFUSE_PGM_DATA3_REG[26:27]

EFUSE_PGM_DATA4_REG[30]

Data in registers EFUSE_PGM_DATA6_REG ~ EFUSE_PGM_DATA7_REG and
EFUSE_PGM_CHECK_VALUEOQO_REG ~ EFUSE_PGM_CHECK_VALUE2_REG are ignored when programming
BLOCKO.

Programming BLOCK1

When EFUSE_BLK_NUM is set to 1, registers EFUSE_PGM_DATAO_REG ~ EFUSE_PGM_DATA5_REG store the
BLOCK1 parameters to be programmed. Registers EFUSE_PGM_CHECK_VALUEO_REG ~
EFUSE_PGM_CHECK_VALUE2_REG store the corresponding RS check codes. Data in registers
EFUSE_PGM_DATAB_REG ~ EFUSE_PGM_DATA7_REG is ignored when programming BLOCK1, and the RS
check codes will be calculated with these bits all treated as O.

Programming BLOCK2 ~ 10

When EFUSE_BLK_NUM is set to 2 ~ 10, registers EFUSE_PGM_DATAO_REG ~ EFUSE_PGM_DATA7_REG
store the parameters to be programmed to this block. Registers

EFUSE_PGM_CHECK_VALUEQ_REG ~ EFUSE_PGM_CHECK_VALUE2_REG store the corresponding RS check
codes.

Programming process
The process of programming parameters is as follows:
1. Write the block number to EFUSE_BLK_NUM to determine the block to be programmed.

2. Write parameters to be programmed to registers EFUSE_PGM_DATAO_REG ~ EFUSE_PGM_DATA7_REG
and the corresponding checksum values to
EFUSE_PGM_CHECK_VALUEO_REG ~ EFUSE_PGM_CHECK_VALUE2_REG.

3. Configure the field EFUSE_OP_CODE of register EFUSE_CONF_REG to Ox5A5A.
4. Configure the field EFUSE_PGM_CMD of register EFUSE_CMD_REG to 1.

5. Poll register EFUSE_CMD_REG until it is 0x0, or wait for a PGM_DONE interrupt. For more information on
how to identify a PGM_DONE interrupt, please see the end of Section 5.3.3.

6. In order to avoid programming content leakage, please clear the parameters in EFUSE_PGM_DATAO_REG
~ EFUSE_PGM_DATA7_REG and
EFUSE_PGM_CHECK_VALUEQO_REG ~ EFUSE_PGM_CHECK_VALUE2_REG.

7. Trigger an eFuse read operation (see Section 5.3.3) to update eFuse registers with the new values.

Espressif Systems 405 ESP32-S3 TRM (Version 1.2)
Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.2

5 eFuse Controller GoBack

8. Check error record registers. If the values read in error record registers are not 0, the programming process
should be performed again following above steps 1 ~ 7. Please check the following error record registers
for different eFuse blocks:

e BLOCKO: EFUSE_RD_REPEAT_ERRO_REG ~ EFUSE_RD_REPEAT_ERR4_REG
e BLOCK1: EFUSE_RD_RS_ERRO_REG[2:0], EFUSE_RD_RS_ERRO_REG[7]
e BLOCK2: EFUSE_RD_RS_ERRO_REGI6:4], EFUSE_RD_RS_ERRO_REG[11]
e BLOCKS: EFUSE_RD_RS_ERRO_REG[10:8], EFUSE_RD_RS_ERRO_REG[15]
e BLOCK4: EFUSE_RD_RS_ERRO_REG[14:12], EFUSE_RD_RS_ERRO_REG[19]
e BLOCK5: EFUSE_RD_RS_ERRO_REG[18:16], EFUSE_RD_RS_ERRO_REG[23]
e BLOCK®6: EFUSE_RD_RS_ERRO_REG[22:20], EFUSE_RD_RS_ERRO_REG[27]
* BLOCKY7: EFUSE_RD_RS_ERRO_REG[26:24], EFUSE_RD_RS_ERRO_REG[31]
e BLOCKS8: EFUSE_RD_RS_ERRO_REG[30:28], EFUSE_RD_RS_ERR1_REG[3]
e BLOCK9: EFUSE_RD_RS_ERR1_REG[2:0], EFUSE_RD_RS_ERR1_REG[2:0][7]
e BLOCK10: EFUSE_RD_RS_ERR1_REG[2:0][6:4]

Limitations

In BLOCKO, each bit can be programmed separately. However, we recommmend to minimize programming cycles
and program all the bits of a parameter in one programming action. In addition, after all parameters controlled by
a certain bit of EFUSE_WR_DIS are programmed, that bit should be immediately programmed. The
programming of parameters controlled by a certain bit of EFUSE_WR_DIS, and the programming of the bit itself
can even be completed at the same time. Repeated programming of already programmed bits is strictly
forbidden, otherwise, programming errors will occur.

BLOCK?1 cannot be programmed by users as it has been programmed at manufacturing.

BLOCK2 ~ 10 can only be programmed once. Repeated programming is not allowed.

5.3.3 User Read of Parameters

Users cannot read eFuse bits directly. The eFuse Controller hardware reads all eFuse bits and stores the results
to their corresponding registers in its memory space. Then, users can read eFuse bits by reading the registers
that start with EFUSE_RD_. Details are provided in Table 5-4.

Table 5-4. Registers Information

BLOCK | Read Registers Registers When Programming This Block
0 EFUSE_RD_WR_DIS_REG EFUSE_PGM_DATAO_REG

0 EFUSE_RD_REPEAT_DATAO ~ 4_REG EFUSE_PGM_DATA1 ~ 5_REG

1 EFUSE_RD_MAC_SPI_SYS_0 ~ 5_REG EFUSE_PGM_DATAQ ~ 5_REG

2 EFUSE_RD_SYS_PART1_0~7_REG EFUSE_PGM_DATAQ ~ 7_REG

3 EFUSE_RD_USR_DATAOQ ~ 7_REG EFUSE_PGM_DATAQ ~ 7_REG

4~9 EFUSE_RD_KEYn_DATAO ~ 7_REG (n: 0~ 5) | EFUSE_PGM_DATAQ ~ 7_REG

10 EFUSE_RD_SYS_PART2_0 ~ 7_REG EFUSE_PGM_DATAQ ~ 7_REG
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Updating eFuse read registers

The eFuse Controller reads internal eFuses to update corresponding registers. This read operation happens on
system reset and can also be triggered manually by users as needed (e.g., if new eFuse values have been
programmed). The process of triggering a read operation by users is as follows:

1. Configure the field EFUSE_OP_CODE in register EFUSE_CONF_REG to Ox5AA5.
2. Configure the field EFUSE_READ_CMD in register EFUSE_CMD_REG to 1.

3. Poll register EFUSE_CMD_REG until it is 0x0, or wait for a READ_DONE interrupt. Information on how to
identify a READ_DONE interrupt is provided below in this section.

4. users reads the values of each parameter from memory.
The eFuse read registers will hold all values until the next read operation.
Error detection

Error record registers allow users to detect if there are any inconsistencies in the stored backup eFuse
parameters.

Registers EFUSE_RD_REPEAT_ERRO ~ 3_REG indicate if there are any errors of programmed parameters
(except for EFUSE_WR_DIS) in BLOCKO (value 1 indicates an error is detected, and the bit becomes invalid;
value O indicates no error).

Registers EFUSE_RD_RS_ERRO ~ 1_REG store the number of corrected bytes as well as the result of RS
decoding during eFuse reading BLOCK1 ~ BLOCK10.

The values of above registers will be updated every time after the eFuse read registers have been updated.
Identifying the completion of a program/read operation

The methods to identify the completion of a program/read operation are described below. Please note that bit 1
corresponds to a program operation, and bit O corresponds to a read operation.

e Method one:

1. Poll bit 1/0 in register EFUSE_INT_RAW_REG until it becomes 1, which represents the completion of a
program/read operation.

e Method two:

1. Set bit 1/0 in register EFUSE_INT_ENA_REG to 1 to enable the eFuse Controller to post a
PGM_DONE or READ_DONE interrupt.

2. Configure the Interrupt Matrix to enable the CPU to respond to eFuse interrupt signals, see Chapter 9
Interrupt Matrix INTERRUPT).

3. Wait for the PGM/READ_DONE interrupt.
4. Set bit 1/0 in register EFUSE_INT_CLR_REG to 1 to clear the PGM/READ_DONE interrupt.
Note

When eFuse controller updating its registers, it will use EFUSE_PGM_DATAn_REG (n=0 1 ..,7) again to store
data. So please do not write important data into these registers before this updating process initiated.
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During the chip boot process, eFuse controller will update eFuse data into registers which can be accessed by
users automatically. You can get programmed eFuse data by reading corresponding registers. Thus, it is no need
to update eFuse read registers in such case.

5.3.4 eFuse VDDQ Timing

The eFuse Controller operates with 20 MHz, one cycle is 50 ns, and its programming voltage VDDQ should be
configured as follows:

e FFUSE_DAC_NUM (store the rising period of VDDQ): The default value of VDDQ is 2.5 V and the voltage
increases by 0.01 V in each clock cycle. Thus, the default value of this parameter is 255;

e EFUSE_DAC_CLK_DIV (the clock divisor of VDDQ): The clock period to program VDDQ should be larger
than 1 us;

e EFUSE_PWR_ON_NUM (the power-up time for VDDQ): The programming voltage should be stabilized after
this time, which means the value of this parameter should be configured to exceed the value of
EFUSE_DAC_CLK_DIV multiply by EFUSE_DAC_NUM,;

e FFUSE_PWR_OFF_NUM (the power-out time for VDDQ): The value of this parameter should be larger than
10 ps.

Table 5-5. Configuration of Default VDDQ Timing Parameters

EFUSE_DAC_NUM | EFUSE_DAC_CLK_DIV | EFUSE_PWR_ON_NUM | EFUSE_PWR_OFF_NUM
OxFF 0x28 0x3000 0x190

5.3.5 The Use of Parameters by Hardware Modules

Some hardware modules are directly connected to the eFuse peripheral in order to use the parameters listed in
Table 5-1 and Table 5-3, specifically those marked with “Y” in columns “Accessible by Hardware”. Users cannot
intervene in this process.

5.3.6 Interrupts

o PGM_DONE interrupt: Triggered when eFuse programming has finished. Set
EFUSE_PGM_DONE_INT_ENA to enable this interrupt;

¢ READ_DONE interrupt: Triggered when eFuse reading has finished. Set EFUSE_READ_DONE_INT_ENA to
enable this interrupt.
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5.4 Register Summary

The addresses in this section are relative to eFuse Controller base address provided in Table 4-3 in Chapter 4

System and Memory.

The abbreviations given in Column Access are explained in Section Access Types for Registers.

07
Name Description Address | Access
PGM Data Register
EFUSE_PGM_DATAO_REG Register O that stores data to be programmed 0x0000 | R/W
EFUSE_PGM_DATA1_REG Register 1 that stores data to be programmed 0x0004 | R/W
EFUSE_PGM_DATA2_REG Register 2 that stores data to be programmed 0x0008 | R/W
EFUSE_PGM_DATA3_REG Register 3 that stores data to be programmed 0x000C | R/W
EFUSE_PGM_DATA4_REG Register 4 that stores data to be programmed 0x0010 | R/'W
EFUSE_PGM_DATA5_REG Register 5 that stores data to be programmed 0x0014 | R/W
EFUSE_PGM_DATAB_REG Register 6 that stores data to be programmed 0x0018 | R/W
EFUSE_PGM_DATA7_REG Register 7 that stores data to be programmed 0x001C | R/W
EFUSE_PGM_CHECK_VALUEQO_REG Register 0 that stores the RS code to be pro- | 0x0020 | R/W
grammed
EFUSE_PGM_CHECK_VALUE1_REG Register 1 that stores the RS code to be pro- | 0x0024 | R/W
grammed
EFUSE_PGM_CHECK_VALUE2_REG Register 2 that stores the RS code to be pro- | 0x0028 | R/W
grammed
Read Data Register
EFUSE_RD_WR_DIS_REG BLOCKO data register O 0x002C | RO
EFUSE_RD_REPEAT_DATAO_REG BLOCKO data register 1 0x0030 | RO
EFUSE_RD_REPEAT_DATA1_REG BLOCKO data register 2 0x0034 | RO
EFUSE_RD_REPEAT_DATA2_REG BLOCKO data register 3 0x0038 | RO
EFUSE_RD_REPEAT_DATA3_REG BLOCKO data register 4 0x003C | RO
EFUSE_RD_REPEAT_DATA4_REG BLOCKO data register 5 0x0040 | RO
EFUSE_RD_MAC_SPI_SYS_0_REG BLOCK1 data register O 0x0044 | RO
EFUSE_RD_MAC_SPI_SYS_1_REG BLOCK1 data register 1 0x0048 | RO
EFUSE_RD_MAC_SPI_SYS_2_REG BLOCK1 data register 2 0x004C | RO
EFUSE_RD_MAC_SPI_SYS_3_REG BLOCK1 data register 3 0x0050 | RO
EFUSE_RD_MAC_SPI_SYS_4_REG BLOCK1 data register 4 0x0054 | RO
EFUSE_RD_MAC_SPI_SYS_5_REG BLOCK1 data register 5 0x0058 | RO
EFUSE_RD_SYS_PART1_DATAO_REG | Register 0 of BLOCK2 (system) 0x005C | RO
EFUSE_RD_SYS_PART1_DATA1_REG | Register 1 of BLOCK2 (system) 0x0060 | RO
EFUSE_RD_SYS_PART1_DATA2_REG | Register 2 of BLOCK?2 (system) 0x0064 | RO
EFUSE_RD_SYS_PART1_DATA3_REG | Register 3 of BLOCK2 (system) 0x0068 | RO
EFUSE_RD_SYS_PART1_DATA4_REG | Register 4 of BLOCK2 (system) 0x006C | RO
EFUSE_RD_SYS_PART1_DATA5_REG | Register 5 of BLOCK2 (system) 0x0070 | RO
EFUSE_RD_SYS_PART1_DATA6_REG | Register 6 of BLOCK2 (system) 0x0074 | RO
EFUSE_RD_SYS_PART1_DATA7_REG | Register 7 of BLOCK?2 (system) 0x0078 | RO
EFUSE_RD_USR_DATAO_REG Register 0 of BLOCKS (user) 0x007C | RO
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Name Description Address | Access
EFUSE_RD_USR_DATA1_REG Register 1 of BLOCKS (user) 0x0080 | RO
EFUSE_RD_USR_DATA2_REG Register 2 of BLOCKS (user) 0x0084 | RO
EFUSE_RD_USR_DATAS_REG Register 3 of BLOCKS (user) 0x0088 | RO
EFUSE_RD_USR_DATA4_REG Register 4 of BLOCKS (user) 0x008C | RO
EFUSE_RD_USR_DATA5_REG Register 5 of BLOCKS (user) 0x0020 | RO
EFUSE_RD_USR_DATA6_REG Register 6 of BLOCKS (user) 0x0094 | RO
EFUSE_RD_USR_DATA7_REG Register 7 of BLOCKS (user) 0x0098 | RO
EFUSE_RD_KEYO_DATAO_REG Register 0 of BLOCK4 (KEYOQ) 0x009C | RO
EFUSE_RD_KEYO_DATA1_REG Register 1 of BLOCK4 (KEYO) Ox00A0 | RO
EFUSE_RD_KEYO_DATA2_REG Register 2 of BLOCK4 (KEYO) 0x00A4 | RO
EFUSE_RD_KEYO_DATA3_REG Register 3 of BLOCK4 (KEYOQ) Ox00A8 | RO
EFUSE_RD_KEYO_DATA4_REG Register 4 of BLOCK4 (KEYO) Ox00AC | RO
EFUSE_RD_KEYO_DATA5_REG Register 5 of BLOCK4 (KEYOQ) 0x00BO | RO
EFUSE_RD_KEYO_DATA6_REG Register 6 of BLOCK4 (KEYO) 0x00B4 | RO
EFUSE_RD_KEYO_DATA7_REG Register 7 of BLOCK4 (KEYOQ) 0x00B8 | RO
EFUSE_RD_KEY1_DATAO_REG Register 0 of BLOCKS5 (KEY1) O0x00BC | RO
EFUSE_RD_KEY1_DATA1_REG Register 1 of BLOCK5 (KEY1) 0x00CO | RO
EFUSE_RD_KEY1_DATA2_REG Register 2 of BLOCKS5 (KEY1) 0x00C4 | RO
EFUSE_RD_KEY1_DATA3_REG Register 3 of BLOCKS5 (KEY1) 0x00C8 | RO
EFUSE_RD_KEY1_DATA4_REG Register 4 of BLOCKS5 (KEY1) 0x00CC | RO
EFUSE_RD_KEY1_DATA5_REG Register 5 of BLOCKS5 (KEY1) 0x00D0 | RO
EFUSE_RD_KEY1_DATA6_REG Register 6 of BLOCKS5 (KEY1) 0x00D4 | RO
EFUSE_RD_KEY1_DATA7_REG Register 7 of BLOCKS5 (KEY1) 0x00D8 | RO
EFUSE_RD_KEY2_DATAO_REG Register 0 of BLOCK®6 (KEY2) 0x00DC | RO
EFUSE_RD_KEY2_DATA1_REG Register 1 of BLOCK6 (KEY2) Ox00EO | RO
EFUSE_RD_KEY2_DATA2_REG Register 2 of BLOCK®6 (KEY2) Ox00E4 | RO
EFUSE_RD_KEY2_DATA3_REG Register 3 of BLOCK6 (KEY2) Ox00E8 | RO
EFUSE_RD_KEY2_DATA4_REG Register 4 of BLOCK®6 (KEY2) Ox00EC | RO
EFUSE_RD_KEY2_DATA5_REG Register 5 of BLOCK®6 (KEY2) Ox00F0 | RO
EFUSE_RD_KEY2_DATA6_REG Register 6 of BLOCK6 (KEY2) Ox00F4 | RO
EFUSE_RD_KEY2_DATA7_REG Register 7 of BLOCK®6 (KEY2) Ox00F8 | RO
EFUSE_RD_KEY3_DATAO_REG Register 0 of BLOCK7 (KEY3) Ox00FC | RO
EFUSE_RD_KEY3_DATA1_REG Register 1 of BLOCK7 (KEY3) 0x0100 | RO
EFUSE_RD_KEY3_DATA2_REG Register 2 of BLOCK7 (KEY3) 0x0104 | RO
EFUSE_RD_KEY3_DATA3_REG Register 3 of BLOCK7 (KEY3) 0x0108 | RO
EFUSE_RD_KEY3_DATA4_REG Register 4 of BLOCK7 (KEY3) 0x010C | RO
EFUSE_RD_KEY3_DATA5_REG Register 5 of BLOCK7 (KEY3) 0x0110 | RO
EFUSE_RD_KEY3_DATA6_REG Register 6 of BLOCK7 (KEY3) 0x0114 | RO
EFUSE_RD_KEY3_DATA7_REG Register 7 of BLOCK7 (KEY3) 0x0118 | RO
EFUSE_RD_KEY4_DATAO_REG Register 0 of BLOCKS8 (KEY4) 0x011C | RO
EFUSE_RD_KEY4_DATA1_REG Register 1 of BLOCKS8 (KEY4) 0x0120 | RO
EFUSE_RD_KEY4_DATA2_REG Register 2 of BLOCKS (KEY4) 0x0124 | RO
EFUSE_RD_KEY4_DATA3_REG Register 3 of BLOCKS8 (KEY4) 0x0128 | RO
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Name Description Address | Access
EFUSE_RD_KEY4_DATA4_REG Register 4 of BLOCKS (KEY4) 0x012C | RO
EFUSE_RD_KEY4_DATA5_REG Register 5 of BLOCKS8 (KEY4) 0x0130 | RO
EFUSE_RD_KEY4_DATA6_REG Register 6 of BLOCKS8 (KEY4) 0x0134 | RO
EFUSE_RD_KEY4_DATA7_REG Register 7 of BLOCKS8 (KEY4) 0x0138 | RO
EFUSE_RD_KEY5_DATAO_REG Register 0 of BLOCK9 (KEY5) 0x013C | RO
EFUSE_RD_KEY5_DATA1_REG Register 1 of BLOCK9 (KEY5) 0x0140 | RO
EFUSE_RD_KEY5_DATA2_REG Register 2 of BLOCK9 (KEY5) 0x0144 | RO
EFUSE_RD_KEY5_DATA3_REG Register 3 of BLOCK9 (KEY5) 0x0148 | RO
EFUSE_RD_KEY5_DATA4_REG Register 4 of BLOCK9 (KEY5) 0x014C | RO
EFUSE_RD_KEY5_DATA5_REG Register 5 of BLOCK9 (KEY5) 0x0150 | RO
EFUSE_RD_KEY5_DATA6_REG Register 6 of BLOCK9 (KEY5) 0x0154 | RO
EFUSE_RD_KEY5_DATA7_REG Register 7 of BLOCK9 (KEY5) 0x0158 | RO
EFUSE_RD_SYS_PART2_DATAO_REG | Register 0 of BLOCK10 (system) 0x015C | RO
EFUSE_RD_SYS_PART2_DATA1_REG | Register 1 of BLOCK10 (system) 0x0160 | RO
EFUSE_RD_SYS_PART2_DATA2_REG | Register 2 of BLOCK10 (system) 0x0164 | RO
EFUSE_RD_SYS_PART2_DATA3_REG | Register 3 of BLOCK10 (system) 0x0168 | RO
EFUSE_RD_SYS_PART2_DATA4_REG | Register 4 of BLOCK10 (system) 0x016C | RO
EFUSE_RD_SYS_PART2_DATA5_REG | Register 5 of BLOCK10 (system) 0x0170 | RO
EFUSE_RD_SYS_PART2_DATA6_REG | Register 6 of BLOCK10 (system) 0x0174 | RO
EFUSE_RD_SYS_PART2_DATA7_REG | Register 7 of BLOCK10 (system) 0x0178 | RO
Report Register
EFUSE_RD_REPEAT_ERRO_REG Programming error record register O of BLOCKO | Ox017C | RO
EFUSE_RD_REPEAT_ERR1_REG Programming error record register 1 of BLOCKO | Ox0180 | RO
EFUSE_RD_REPEAT_ERR2_REG Programming error record register 2 of BLOCKO | 0x0184 | RO
EFUSE_RD_REPEAT_ERR3_REG Programming error record register 3 of BLOCKO | 0x0188 | RO
EFUSE_RD_REPEAT_ERR4_REG Programming error record register 4 of BLOCKO | 0x0190 | RO
EFUSE_RD_RS_ERRO_REG Programming error record register O of BLOCK1 | Ox01CO | RO
~10

EFUSE_RD_RS_ERR1_REG Programming error record register 1 of BLOCK1 | Ox01C4 | RO
~10

Configuration Register

EFUSE_CLK_REG eFuse clock configuration register 0x01C8 | R/W

EFUSE_CONF_REG eFuse operation mode configuration register 0x01CC | R/W

EFUSE_CMD_REG eFuse command register 0x01D4 | varies

EFUSE_DAC_CONF_REG Controls the eFuse programming voltage Ox01E8 | R/W

EFUSE_RD_TIM_CONF_REG Configures read timing parameters Ox01EC | R/W

EFUSE_WR_TIM_CONF1_REG Configuration register 1 of eFuse programming | Ox01F4 R/W
timing parameters

EFUSE_WR_TIM_CONF2_REG Configuration register 2 of eFuse programming | Ox01F8 | R/W
timing parameters

Status Register

EFUSE_STATUS_REG eFuse status register 0x01D0 | RO

Interrupt Register
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Name Description Address | Access
EFUSE_INT_RAW_REG eFuse raw interrupt register 0x01D8 | R/WC/S
EFUSE_INT_ST_REG eFuse interrupt status register 0x01DC | RO
EFUSE_INT_ENA_REG eFuse interrupt enable register Ox01E0 | R/W
EFUSE_INT_CLR_REG eFuse interrupt clear register Ox01E4 | WO
Version Register
EFUSE_DATE_REG Version control register Ox01FC | R/W
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5.5 Registers

The addresses in this section are relative to eFuse Controller base address provided in Table 4-3 in Chapter 4
System and Memory.

Register 5.1. EFUSE_PGM_DATAO_REG (0x0000)

0$®
>
<
<<//
=
&

E ]

‘ 0x000000 \ Reset

EFUSE_PGM_DATA_0 Configures the content of the Oth 32-bit data to be programmed. (R/W)

Register 5.2. EFUSE_PGM_DATA1_REG (0x0004)

E ]

‘ 0x000000 \ Reset

EFUSE_PGM_DATA_1 Configures the content of the 1st data to be programmed. (R/W)

Register 5.3. EFUSE_PGM_DATA2_REG (0x0008)

oy
&
C}®/
<
e
&
‘ 31 0 ‘

‘ 0x000000 \ Reset

EFUSE_PGM_DATA_2 Configures the content of the 2nd 32-bit data to be programmed. (R/W)
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Register 5.4. EFUSE_PGM_DATA3_REG (0x000C)

E ]

’ 0x000000 \ Reset

EFUSE_PGM_DATA_3 Configures the content of the 3rd 32-bit data to be programmed. (R/W)

Register 5.5. EFUSE_PGM_DATA4_REG (0x0010)

o
&
@ 7
QO

%
\)%

E ]

’ 0x000000 \ Reset

EFUSE_PGM_DATA_4 Configures the content of the 4th 32-bit data to be programmed. (R/W)

Register 5.6. EFUSE_PGM_DATA5_REG (0x0014)

o2
&
C)® 7/
<’
)
(3\)

E ]

’ 0x000000 \ Reset

EFUSE_PGM_DATA_5 Configures the content of the 5th 32-bit data to be programmed. (R/W)

Register 5.7. EFUSE_PGM_DATAG6_REG (0x0018)

©

3
0“0
<&

E ]

’ 0x000000 \ Reset

EFUSE_PGM_DATA_6 Configures the content of the 6th 32-bit data to be programmed. (R/W)
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Register 5.8. EFUSE_PGM_DATA7_REG (0x001C)

E ]

’ 0x000000 \ Reset

EFUSE_PGM_DATA_7 Configures the content of the 7th 32-bit data to be programmed. (R/W)

Register 5.9. EFUSE_PGM_CHECK_VALUEO_REG (0x0020)

E ]

’ 0x000000 \ Reset

EFUSE_PGM_RS_DATA_0 Configures the content of the Oth 32-bit RS code to be programmed.
R/W)

Register 5.10. EFUSE_PGM_CHECK_VALUE1_REG (0x0024)

E ]

’ 0x000000 \ Reset

EFUSE_PGM_RS_DATA_1 Configures the content of the 1st 32-bit RS code to be programmed.
R/W)
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Register 5.11. EFUSE_PGM_CHECK_VALUE2_REG (0x0028)

&
&7
C}®/
&
‘ 31 0 ‘
‘ 0x000000 \ Reset

EFUSE_PGM_RS_DATA_2 Configures the content of the 2nd 32-bit RS code to be programmed.
RW)

Register 5.12. EFUSE_RD_WR_DIS_REG (0x002C)

0\%
&7
<<//
)
<<</<\>

E ]

‘ 0x000000 \ Reset

EFUSE_WR_DIS Represents whether programming of corresponding eFuse part is disabled or en-
abled. 1: Disabled. 0: Enabled. (RO)
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Register 5.13. EFUSE_RD_REPEAT_DATAO_REG (0x0030)

£
o
$
4 N2
S O Fx
AN
O S o S &
S S5 5 R SESE S
X O’ <&9\ LT LEOSP SIS &£
s B s PP S FPEERPPEPE ®
EEEN. S IR I A SSRGS S
N $L N FE & EFESEEELEEEEKE &
‘ 31 27| 26 | 25 | 24 21| 20 | 19 |18 16| 15 | 14 | 13 [ 12 | 11 10 9 8 7 16 0 ‘
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EFUSE_RD_DIS Represents whether users’ reading from BLOCK4 ~ 10 is disabled or enabled. 1:
Disabled. O: Enabled. (RO)

EFUSE_RPT4_RESERVED3 Reserved (used four backups method). (RO)

EFUSE_DIS_ICACHE Represents whether iCache is disabled or enabled. 1: Disabled. 0: Enabled.
(RO)

EFUSE_DIS_DCACHE Represents whether dCache is disabled or enabled. 1: Disabled. 0: Enabled.
(RO)

EFUSE_DIS_DOWNLOAD_ICACHE Represents whether iCache is disabled or enabled in download
mode (boot_mode[3:0]is 0, 1, 2, 3, 6, 7). 1: Disabled. O: Enabled. (RO)

EFUSE_DIS_DOWNLOAD_DCACHE Represents whether dCache is disabled or enabled in down-
load mode (boot_mode[3:0]is 0, 1, 2, 3, 6, 7). 1: Disabled. 0: Enabled. (RO)

EFUSE_DIS_FORCE_DOWNLOAD Represents whether the function that forces chip into download
mode is disabled or enabled. 1: Disabled. O: Enabled. (RO)

EFUSE_DIS_USB_OTG Represents whether USB OTG function is disabled or enabled. 1: Disabled.
0: Enabled. (RO)

EFUSE_DIS_TWAI Represents whether TWAI function is disabled or enabled. 1: Disabled. 0: En-
abled. (RO)

EFUSE_DIS_APP_CPU Represents whether app CPU is disabled or enabled. 1: Disabled. 0: En-
abled. (RO)

EFUSE_SOFT_DIS_JTAG Represents whether JTAG is disabled in the soft way or not. Odd number
of 1: Disabled. Users can re-enable JTAG by HMAC module again. Even number of 1: Enabled.
(RO)

EFUSE_DIS_PAD_JTAG Represents whether pad JTAG is permanently disabled or enabled. 1: Dis-
abled. O: Enabled. (RO)

EFUSE_DIS_DOWNLOAD_MANUAL_ENCRYPT Represents whether flash encryption is disabled
or enabled in download boot modes. 1: Disabled. 0: Enabled. (RO)

Continued on the next page...
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Register 5.13. EFUSE_RD_REPEAT_DATAO_REG (0x0030)

Continued from the previous page...

EFUSE_USB_EXCHG_PINS Represents whether or not USB D+ and D- pins are swapped. 1:
Swapped. 0: Not swapped. (RO)

Note: The eFuse has a design flaw and does not move the pullup (needed to detect USB speed),
resulting in the PC thinking the chip is a low-speed device, which stops communication. For
detailed information, please refer to Chapter 33 USB Serial/ JTAG Controller (USB_SERIAL _JTAG).

EFUSE_EXT_PHY_ENABLE Represents whether the external PHY is enabled or disabled. 1: En-
abled. O: Disabled. (RO)
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Register 5.14. EFUSE_RD_REPEAT_DATA1_REG (0x0034)
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EFUSE_VDD_SPI_XPD Represents whether or not Flash Voltage Regulator is powered up. 1: Pow-
ered up. O: Not powered up. (RO)

EFUSE_VDD_SPI_TIEH Represents whether or not Flash Voltage Regulator output is short con-
nected to VDD3P3_RTC_IO. 1: Short connected to VDD3P3_RTC_IO. 0: connect to 1.8 V Flash
Voltage Regulator. (RO)

EFUSE_VDD_SPI_FORCE Represents whether or not to force using the parameters in eFuse, includ-
ing EFUSE_VDD_SPI_XPD and EFUSE_VDD_SPI_TIEH, to configure flash voltage LDO. 1: Use.
0: Not use. (RO)

EFUSE_WDT_DELAY_SEL Represents RTC watchdog timeout threshold. Measurement unit: slow
clock cycle. 00: 40000, 01: 80000, 10: 160000, 11:320000. (RO)

EFUSE_SPI_BOOT_CRYPT_CNT Represents whether SPI boot encrypt/decrypt is disabled or en-
abled. Odd number of 1: Enabled. Even number of 1: Disabled. (RO)

EFUSE_SECURE_BOOT_KEY_REVOKEO Represents whether or not the first secure boot key is
revoked. 1: Revoked. O: Not revoked. (RO)

EFUSE_SECURE_BOOT_KEY_REVOKE1 Represents whether or not the second secure boot key
is revoked. 1: Revoked. 0: Not revoked. (RO)

EFUSE_SECURE_BOOT_KEY_REVOKE2 Represents whether or not the third secure boot key is
revoked. 1: Revoked. O: Not revoked. (RO)

EFUSE_KEY_PURPOSE_0 Represents purpose of Key0. (RO)

EFUSE_KEY_PURPOSE_1 Represents purpose of Key1. (RO)
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Register 5.15. EFUSE_RD_REPEAT_DATA2_REG (0x0038)
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EFUSE_KEY_PURPOSE_2 Represents purpose of Key2. (RO)

EFUSE_KEY_PURPOSE_3 Represents purpose of Key3. (RO)

EFUSE_KEY_PURPOSE_4 Represents purpose of Key4. (RO)

EFUSE_KEY_PURPOSE_5 Represents purpose of Keys. (RO)

EFUSE_RPT4_RESERVEDO Reserved (used four backups method). (RO)

EFUSE_SECURE_BOOT_EN Represents whether secure boot is enabled or disabled. 1: Enabled.

0: Disabled. (RO)

EFUSE_SECURE_BOOT_AGGRESSIVE_REVOKE Represents whether aggressive revoke of se-
cure boot keys is enabled or disabled. 1: Enabled. O: Disabled. (RO)

EFUSE_DIS_USB_JTAG Represents whether USB OTG function that can be switched to JTAG in-
terface is disabled or enabled. 1: Disabled. O0: Enabled. (RO)

EFUSE_DIS_USB_SERIAL_JTAG Represents whether usb_serial_jtag function is disabled or en-
abled. 1: Disabled. 0: Enabled. (RO)

EFUSE_STRAP_JTAG_SEL Represents whether or not to enable selection between usb_to_jtag and
pad_to_jtag through strapping GPIO3 when both reg_dis_usb_jtag and reg_dis_pad_jtag are equal
to 0. 1: Enabled. O: Disabled. (RO)

EFUSE_USB_PHY_SEL Represents the connection relationship between internal PHY, external PHY
and USB OTG, USB Serial/JTAG. O: internal PHY is assigned to USB Serial/JTAG while external
PHY is assigned to USB OTG. 1: internal PHY is assigned to USB OTG while external PHY is
assigned to USB Serial/JTAG. (RO)

EFUSE_FLASH_TPUW Represents flash waiting time after power-up. Measurement unit: ms. If the
value is less than 15, the waiting time is the configurable value. Otherwise, the waiting time is
always 30ms. (RO)
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Register 5.16. EFUSE_RD_REPEAT_DATA3_REG (0x003C)
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EFUSE_DIS_DOWNLOAD_MODE Represents whether download mode (boot_mode[3:0] = 0, 1, 2,
3, 6, 7) is disabled or enabled. 1: Disabled. 0: Enabled. (RO)

EFUSE_DIS_LEGACY_SPI_BOOT Represents whether Legacy SPI boot mode (boot_mode[3:0] =
4) is disabled or enabled. 1: Disabled. 0: Enabled. (RO)

EFUSE_DIS_USB_PRINT Represents whether USB printing is disabled or enabled. 1: Disabled. O:
Enabled. (RO)

EFUSE_FLASH_ECC_MODE Represents the flash ECC mode in ROM. 0: 16-to-18 byte mode. 1:
16-to-17 byte mode. (RO)

EFUSE_DIS_USB_SERIAL_JTAG_DOWNLOAD_MODE Represents whether download through
USB-Serial-JTAG is disabled or enabled. 1: Disabled. O: Enabled. (RO)

EFUSE_ENABLE_SECURITY_DOWNLOAD Represents whether secure UART download mode is
enabled or disabled (read/write flash only). 1: Enabled. O: Disabled. (RO)

EFUSE_UART_PRINT_CONTROL Represents the default UART boot message output mode. 00:
Enabled. 01: Enabled when GPIO46 is low at reset. 10: Enabled when GPIO46 is high at reset.
11: Disabled. (RO)

EFUSE_PIN_POWER_SELECTION Represents GPIO33 ~ GPIO37 power supply selection while
ROM code is executed. 0: VDD3P3_CPU. 1: VDD_SPI. (RO)

EFUSE_FLASH_TYPE Represents the maximum data lines of SPI flash. O: four lines. 1: eight lines.
(RO)

EFUSE_FLASH_PAGE_SIZE Represents flash page size. 0: 256 Byte. 1: 512 Byte. 2: 1 KB. 3: 2
KB. (RO)

EFUSE_FLASH_ECC_EN Represents whether ECC for flash boot is enabled or disabled. 1: Enabled.
0: Disabled. (RO)

EFUSE_FORCE_SEND_RESUME Represents whether or not to force ROM code to send a resume
command during SPI boot. 1: Send. 0: Not send. (RO)

Continued on the next page...
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Register 5.16. EFUSE_RD_REPEAT_DATA3_REG (0x003C)

Continued from the previous page...

EFUSE_SECURE_VERSION Represents the values of version control register (used by ESP-IDF anti-
rollback feature). (RO)

EFUSE_DIS_USB_OTG_DOWNLOAD_MODE Represents whether download through USB-OTG is
disabled or enabled. 1: Disabled. 0: Enabled. (RO)

Register 5.17. EFUSE_RD_REPEAT_DATA4_REG (0x0040)

Q"?/
(ggo
&
ad
> ¢
‘Q)%%é (<</<\§J<</
’31 24|23 0‘
’o 0 000 0 O o| 0x0000 ‘Reset

EFUSE_RPT4_RESERVED2 Reserved (used for four backups method). (RO)

Register 5.18. EFUSE_RD_MAC_SPI_SYS_0_REG (0x0044)

’ 0x000000 \ Reset

EFUSE_MAC_0 Represents the low 32 bits of MAC address. (RO)

Register 5.19. EFUSE_RD_MAC_SPI_SYS_1_REG (0x0048)
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’ 0x00 0x00 ‘ Reset
EFUSE_MAC_1 Represents the high 16 bits of MAC address. (RO)
EFUSE_SPI_PAD_CONF_0 Represents the first part of SPI_PAD_CONF. (RO)
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Register 5.20. EFUSE_RD_MAC_SPI_SYS_2_REG (0x004C)
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EFUSE_SPI_PAD_CONF_1 Represents the second part of SPI_PAD_CONF. (RO)

Register 5.21. EFUSE_RD_MAC_SPI_SYS_3_REG (0x0050)
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EFUSE_SPI_PAD_CONF_2 Represents the second part of SPI_PAD_CONF. (RO)
EFUSE_WAFER_VERSION Represents wafer version information. (RO)
EFUSE_PKG_VERSION Represents package version information. (RO)

EFUSE_SYS_DATA_PARTO0_0 Represents the bits O~7 of the first part of system data. (RO)

Register 5.22. EFUSE_RD_MAC_SPI_SYS_4_REG (0x0054)

E ]

‘ 0x000000 \ Reset

EFUSE_SYS_DATA_PARTO0_1 Represents the bits 8~39 of the first part of system data. (RO)
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Register 5.23. EFUSE_RD_MAC_SPI_SYS_5_REG (0x0058)
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’ 0x000000 \ Reset

EFUSE_SYS_DATA_PARTO0_2 Represents the bits 40~71 of the first part of system data. (RO)

Register 5.24. EFUSE_RD_SYS_PART1_DATAO_REG (0x005C)

E ]

’ 0x000000 ‘ Reset

EFUSE_OPTIONAL_UNIQUE_ID_0 Represents the bits 0~31 of the optional unique id information.
(RO)

Register 5.25. EFUSE_RD_SYS_PART1_DATA1_REG (0x0060)

E ]

’ 0x000000 \ Reset

EFUSE_OPTIONAL_UNIQUE_ID_1 Represents the bits 32~63 of the optional unique id information.
(RO)
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Register 5.26. EFUSE_RD_SYS_PART1_DATA2_REG (0x0064)
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EFUSE_OPTIONAL_UNIQUE_ID_2 Represents the bits 64~95 of the optional unique id information.
(RO)

Register 5.27. EFUSE_RD_SYS_PART1_DATA3_REG (0x0068)

E ]

’ 0x000000 \ Reset

EFUSE_OPTIONAL_UNIQUE_ID_3 Represents the bits 96~127 of the optional unique id information.
(RO)

Register 5.28. EFUSE_RD_SYS_PART1_DATA4_REG (0x006C)

E ]

’ 0x000000 \ Reset

EFUSE_SYS_DATA_PART1_0 Represents the first 32 bits of the second part of system data. (RO)
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Register 5.29. EFUSE_RD_SYS_PART1_DATA5_REG (0x0070)

E ]

’ 0x000000 \ Reset

EFUSE_SYS_DATA_PART1_1 Represents the second 32 bits of the seconde part of system data.
(RO)

Register 5.30. EFUSE_RD_SYS_PART1_DATA6_REG (0x0074)
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] 0x000000 ‘ Reset

EFUSE_SYS_DATA_PART1_2 Represents the third 32 bits of the second part of system data. (RO)

Register 5.31. EFUSE_RD_SYS_PART1_DATA7_REG (0x0078)

E ]

’ 0x000000 \ Reset

EFUSE_SYS_DATA_PART1_3 Represents the fourth 32 bits of the second part of system data. (RO)
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Register 5.32. EFUSE_RD_USR_DATAO_REG (0x007C)
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’ 0x000000 \ Reset

EFUSE_USR_DATAO Represents the bits [0:31] of BLOCKS (user). (RO)

Register 5.33. EFUSE_RD_USR_DATA1_REG (0x0080)
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’ 0x000000 \ Reset

EFUSE_USR_DATA1 Represents the bits [32:63] of BLOCKS (user). (RO)

Register 5.34. EFUSE_RD_USR_DATA2_REG (0x0084)
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’ 0x000000 \ Reset

EFUSE_USR_DATA2 Represents the bits [64:95] of BLOCKS (user). (RO)

Register 5.35. EFUSE_RD_USR_DATA3_REG (0x0088)

&
%Q\/
&
E 0]
’ 0x000000 \ Reset

EFUSE_USR_DATA3 Represents the bits [96:127] of BLOCKS (user). (RO)
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Register 5.36. EFUSE_RD_USR_DATA4_REG (0x008C)
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’ 0x000000 \ Reset

EFUSE_USR_DATA4 Represents the bits [128:159] of BLOCKS (user). (RO)

Register 5.37. EFUSE_RD_USR_DATA5_REG (0x0090)
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’ 0x000000 \ Reset

EFUSE_USR_DATA5 Represents the bits [160:191] of BLOCKS (user). (RO)

Register 5.38. EFUSE_RD_USR_DATA6_REG (0x0094)
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’ 0x000000 \ Reset

EFUSE_USR_DATA6 Represents the bits [192:223] of BLOCKS (user). (RO)

Register 5.39. EFUSE_RD_USR_DATA7_REG (0x0098)

&
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&
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’ 0x000000 \ Reset

EFUSE_USR_DATA7 Represents the bits [224:255] of BLOCKS (user). (RO)
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Register 5.40. EFUSE_RD_KEYO0_DATAO_REG (0x009C)

’ 0x000000 \ Reset

EFUSE_KEYO_DATAO Represents the first 32 bits of KEYO. (RO)

Register 5.41. EFUSE_RD_KEYO0_DATA1_REG (0x00A0)
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’ 0x000000 \ Reset

EFUSE_KEYO_DATA1 Represents the second 32 bits of KEY0. (RO)

Register 5.42. EFUSE_RD_KEYO0_DATA2_REG (0x00A4)

’ 0x000000 \ Reset

EFUSE_KEYO0_DATA2 Represents the third 32 bits of KEYO0. (RO)

Register 5.43. EFUSE_RD_KEYO0_DATA3_REG (0x00A8)

’ 0x000000 \ Reset

EFUSE_KEYO0_DATA3 Represents the fourth 32 bits of KEYO. (RO)
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Register 5.44. EFUSE_RD_KEYO0_DATA4_REG (0x00AC)

’ 0x000000 \ Reset

EFUSE_KEYO_DATA4 Represents the fifth 32 bits of KEYO. (RO)

Register 5.45. EFUSE_RD_KEYO0_DATAS5_REG (0x00B0)

E ]

’ 0x000000 \ Reset

EFUSE_KEYO_DATA5 Represents the sixth 32 bits of KEY0. (RO)

Register 5.46. EFUSE_RD_KEYO0_DATA6_REG (0x00B4)

’ 0x000000 \ Reset

EFUSE_KEYO_DATA6 Represents the seventh 32 bits of KEYO. (RO)

Register 5.47. EFUSE_RD_KEYO0_DATA7_REG (0x00B8)

&
e
&
E 0]
’ 0x000000 \ Reset

EFUSE_KEYO_DATA7 Represents the eighth 32 bits of KEY0. (RO)
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Register 5.48. EFUSE_RD_KEY1_DATAO_REG (0x00BC)
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’ 0x000000 \ Reset

EFUSE_KEY1_DATAO Represents the first 32 bits of KEY1. (RO)

Register 5.49. EFUSE_RD_KEY1_DATA1_REG (0x00CO0)
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’ 0x000000 \ Reset

EFUSE_KEY1_DATA1 Represents the second 32 bits of KEY1. (RO)

Register 5.50. EFUSE_RD_KEY1_DATA2_REG (0x00C4)
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’ 0x000000 \ Reset

EFUSE_KEY1_DATA2 Represents the third 32 bits of KEY1. (RO)

Register 5.51. EFUSE_RD_KEY1_DATA3_REG (0x00C8)

&
e
&
E 0]
’ 0x000000 \ Reset

EFUSE_KEY1_DATA3 Represents the fourth 32 bits of KEY1. (RO)
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Register 5.52. EFUSE_RD_KEY1_DATA4_REG (0x00CC)
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’ 0x000000 \ Reset

EFUSE_KEY1_DATA4 Represents the fifth 32 bits of KEY1. (RO)

Register 5.53. EFUSE_RD_KEY1_DATA5_REG (0x00DO0)
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’ 0x000000 \ Reset

EFUSE_KEY1_DATA5 Represents the sixth 32 bits of KEY1. (RO)

Register 5.54. EFUSE_RD_KEY1_DATA6_REG (0x00D4)
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’ 0x000000 \ Reset

EFUSE_KEY1_DATA6 Represents the seventh 32 bits of KEY1. (RO)

Register 5.55. EFUSE_RD_KEY1_DATA7_REG (0x00D8)

&
e
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E 0]
’ 0x000000 \ Reset

EFUSE_KEY1_DATA7 Represents the eighth 32 bits of KEY1. (RO)
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Register 5.56. EFUSE_RD_KEY2_DATAO_REG (0x00DC)

’ 0x000000 \ Reset

EFUSE_KEY2_DATAO Represents the first 32 bits of KEY2. (RO)

Register 5.57. EFUSE_RD_KEY2_DATA1_REG (0x00EOQ)

E ]

’ 0x000000 \ Reset

EFUSE_KEY2_DATA1 Represents the second 32 bits of KEY2. (RO)

Register 5.58. EFUSE_RD_KEY2_DATA2_REG (0x00E4)

’ 0x000000 \ Reset

EFUSE_KEY2_DATA2 Represents the third 32 bits of KEY2. (RO)

Register 5.59. EFUSE_RD_KEY2_DATA3_REG (0x00ES8)

’ 0x000000 \ Reset

EFUSE_KEY2_DATA3 Represents the fourth 32 bits of KEY2. (RO)
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Register 5.60. EFUSE_RD_KEY2_DATA4_REG (0x00EC)

?&
?’S

’ 0x000000 \ Reset

EFUSE_KEY2_DATA4 Represents the fifth 32 bits of KEY2. (RO)

Register 5.61. EFUSE_RD_KEY2_DATA5_REG (0x00FO0)

E ]

’ 0x000000 \ Reset

EFUSE_KEY2_DATA5 Represents the sixth 32 bits of KEY2. (RO)

Register 5.62. EFUSE_RD_KEY2_DATA6_REG (0x00F4)

’ 0x000000 \ Reset

EFUSE_KEY2_DATA6 Represents the seventh 32 bits of KEY2. (RO)

Register 5.63. EFUSE_RD_KEY2_DATA7_REG (0x00F8)
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e
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’ 0x000000 \ Reset

EFUSE_KEY2_DATA7 Represents the eighth 32 bits of KEY2. (RO)
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Register 5.64. EFUSE_RD_KEY3_DATAO_REG (0x00FC)

’ 0x000000 \ Reset

EFUSE_KEY3_DATAO Represents the first 32 bits of KEY3. (RO)

Register 5.65. EFUSE_RD_KEY3_DATA1_REG (0x0100)

E ]

’ 0x000000 \ Reset

EFUSE_KEY3_DATA1 Represents the second 32 bits of KEY3. (RO)

Register 5.66. EFUSE_RD_KEY3_DATA2_REG (0x0104)

’ 0x000000 \ Reset

EFUSE_KEY3_DATA2 Represents the third 32 bits of KEY3. (RO)

Register 5.67. EFUSE_RD_KEY3_DATA3_REG (0x0108)

’ 0x000000 \ Reset

EFUSE_KEY3_DATA3 Represents the fourth 32 bits of KEY3. (RO)

Espressif Systems 435 ESP32-S3 TRM (Version 1.2)
Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.2

5 eFuse Controller GoBack

Register 5.68. EFUSE_RD_KEY3_DATA4_REG (0x010C)

’ 0x000000 \ Reset

EFUSE_KEY3_DATA4 Represents the fifth 32 bits of KEY3. (RO)

Register 5.69. EFUSE_RD_KEY3_DATA5_REG (0x0110)

E ]

’ 0x000000 \ Reset

EFUSE_KEY3_DATA5 Represents the sixth 32 bits of KEY3. (RO)

Register 5.70. EFUSE_RD_KEY3_DATA6_REG (0x0114)

’ 0x000000 \ Reset

EFUSE_KEY3_DATA6 Represents the seventh 32 bits of KEY3. (RO)

Register 5.71. EFUSE_RD_KEY3_DATA7_REG (0x0118)

&
e
&
E 0]
’ 0x000000 \ Reset

EFUSE_KEY3_DATA7 Represents the eighth 32 bits of KEY3. (RO)
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Register 5.72. EFUSE_RD_KEY4_DATAO_REG (0x011C)

’ 0x000000 \ Reset

EFUSE_KEY4_DATAO Represents the first 32 bits of KEY4. (RO)

Register 5.73. EFUSE_RD_KEY4_DATA1_REG (0x0120)
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E ]

’ 0x000000 \ Reset

EFUSE_KEY4_DATA1 Represents the second 32 bits of KEY4. (RO)

Register 5.74. EFUSE_RD_KEY4_DATA2_REG (0x0124)

’ 0x000000 \ Reset

EFUSE_KEY4_DATA2 Represents the third 32 bits of KEY4. (RO)

Register 5.75. EFUSE_RD_KEY4_DATA3_REG (0x0128)

’ 0x000000 \ Reset

EFUSE_KEY4_DATA3 Represents the fourth 32 bits of KEY4. (RO)
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Register 5.76. EFUSE_RD_KEY4_DATA4_REG (0x012C)

’ 0x000000 \ Reset

EFUSE_KEY4_DATA4 Represents the fifth 32 bits of KEY4. (RO)

Register 5.77. EFUSE_RD_KEY4_DATA5_REG (0x0130)

E ]

’ 0x000000 \ Reset

EFUSE_KEY4_DATA5 Represents the sixth 32 bits of KEY4. (RO)

Register 5.78. EFUSE_RD_KEY4_DATA6_REG (0x0134)

’ 0x000000 \ Reset

EFUSE_KEY4_DATA6 Represents the seventh 32 bits of KEY4. (RO)

Register 5.79. EFUSE_RD_KEY4_DATA7_REG (0x0138)

&
e
&
E 0]
’ 0x000000 \ Reset

EFUSE_KEY4_DATA7 Represents the eighth 32 bits of KEY4. (RO)
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Register 5.80. EFUSE_RD_KEY5_DATAO_REG (0x013C)

’ 0x000000 \ Reset

EFUSE_KEY5_DATAO Represents the first 32 bits of KEY5. (RO)

Register 5.81. EFUSE_RD_KEY5_DATA1_REG (0x0140)

E ]

’ 0x000000 \ Reset

EFUSE_KEY5_DATA1 Represents the second 32 bits of KEY5. (RO)

Register 5.82. EFUSE_RD_KEY5_DATA2_REG (0x0144)

’ 0x000000 \ Reset

EFUSE_KEY5_DATA2 Represents the third 32 bits of KEY5. (RO)

Register 5.83. EFUSE_RD_KEY5_DATA3_REG (0x0148)

’ 0x000000 \ Reset

EFUSE_KEY5_DATAS3 Represents the fourth 32 bits of KEY5. (RO)
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Register 5.84. EFUSE_RD_KEY5_DATA4_REG (0x014C)

’ 0x000000 \ Reset

EFUSE_KEY5_DATA4 Represents the fifth 32 bits of KEY5. (RO)

Register 5.85. EFUSE_RD_KEY5_DATA5_REG (0x0150)

E ]

’ 0x000000 \ Reset

EFUSE_KEY5_DATA5 Represents the sixth 32 bits of KEY5. (RO)

Register 5.86. EFUSE_RD_KEY5_DATA6_REG (0x0154)

’ 0x000000 \ Reset

EFUSE_KEY5_DATA6 Represents the seventh 32 bits of KEY5. (RO)

Register 5.87. EFUSE_RD_KEY5_DATA7_REG (0x0158)

&
e
&
E 0]
’ 0x000000 \ Reset

EFUSE_KEY5_DATA7 Represents the eighth 32 bits of KEY5. (RO)
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Register 5.88. EFUSE_RD_SYS_PART2_DATAO_REG (0x015C)

E ]

’ 0x000000 \ Reset

EFUSE_SYS_DATA_PART2_0 Represents the first 32 bits of the third part of system data. (RO)

Register 5.89. EFUSE_RD_SYS_PART2_DATA1_REG (0x0160)

E ]

’ 0x000000 \ Reset

EFUSE_SYS_DATA_PART2_1 Represents the second 32 bits of the third part of system data. (RO)

Register 5.90. EFUSE_RD_SYS_PART2_DATA2_REG (0x0164)

E ]

’ 0x000000 \ Reset

EFUSE_SYS_DATA_PART2_2 Represents the third 32 bits of the third part of system data. (RO)
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Register 5.91. EFUSE_RD_SYS_PART2_DATA3_REG (0x0168)

E ]

’ 0x000000 \ Reset

EFUSE_SYS_DATA_PART2_3 Represents the fourth 32 bits of the third part of system data. (RO)

Register 5.92. EFUSE_RD_SYS_PART2_DATA4_REG (0x016C)

E ]

’ 0x000000 \ Reset

EFUSE_SYS_DATA_PART2_4 Represents the fifth 32 bits of the third part of system data. (RO)

Register 5.93. EFUSE_RD_SYS_PART2_DATA5_REG (0x0170)

E ]

’ 0x000000 \ Reset

EFUSE_SYS_DATA_PART2_5 Represents the sixth 32 bits of the third part of system data. (RO)
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Register 5.94. EFUSE_RD_SYS_PART2_DATA6_REG (0x0174)

E ]

‘ 0x000000 \ Reset

EFUSE_SYS_DATA_PART2_6 Represents the seventh 32 bits of the third part of system data. (RO)

Register 5.95. EFUSE_RD_SYS_PART2_DATA7_REG (0x0178)

E 3

‘ 0x000000 \ Reset

EFUSE_SYS_DATA_PART2_7 Represents the eighth 32 bits of the third part of system data. (RO)
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Register 5.96. EFUSE_RD_REPEAT_ERRO_REG (0x017C)
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EFUSE_RD_DIS_ERR Represents a programming error to corresponding eFuse bit if any bit in this
field is 1. (RO)

EFUSE_DIS_RTC_RAM_BOOT_ERR Represents a programming error to corresponding eFuse bit if
any bit in this field is 1. (RO)

EFUSE_DIS_ICACHE_ERR Represents a programming error to corresponding eFuse bit if any bit in
this field is 1. (RO)

EFUSE_DIS_DCACHE_ERR Represents a programming error to corresponding eFuse bit if any bit
in this field is 1. (RO)

EFUSE_DIS_DOWNLOAD_ICACHE_ERR Represents a programming error to corresponding eFuse
bit if any bit in this field is 1. (RO)

EFUSE_DIS_DOWNLOAD_DCACHE_ERR Represents a programming error to corresponding
eFuse bit if any bit in this field is 1. (RO)

EFUSE_DIS_FORCE_DOWNLOAD_ERR Represents a programming error to corresponding eFuse
bit if any bit in this field is 1. (RO)

EFUSE_DIS_USB_OTG_ERR Represents a programming error to corresponding eFuse bit if any bit
in this field is 1. (RO)

EFUSE_DIS_TWAI_ERR Represents a programming error to corresponding eFuse bit if any bit in this
field is 1. (RO)

EFUSE_DIS_APP_CPU_ERR Represents a programming error to corresponding eFuse bit if any bit
in this field is 1. (RO)

EFUSE_SOFT_DIS_JTAG_ERR Represents a programming error to corresponding eFuse bit if any
bit in this field is 1. (RO)

EFUSE_DIS_PAD_JTAG_ERR Represents a programming error to corresponding eFuse bit if any bit
in this field is 1. (RO)

Continued on the next page...
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Register 5.96. EFUSE_RD_REPEAT_ERRO_REG (0x017C)

Continued from the previous page...

EFUSE_DIS_DOWNLOAD_MANUAL_ENCRYPT_ERR Represents a programming error to corre-
sponding eFuse bit if any bit in this field is 1. (RO)

EFUSE_USB_EXCHG_PINS_ERR Represents a programming error to corresponding eFuse bit if any
bit in this field is 1. (RO)

EFUSE_EXT_PHY_ENABLE_ERR Represents a programming error to corresponding eFuse bit if any
bit in this field is 1. (RO)
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Register 5.97. EFUSE_RD_REPEAT_ERR1_REG (0x0180)
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EFUSE_VDD_SPI_XPD_ERR Represents a programming error to corresponding eFuse bit if any bit
in this field is 1. (RO)

EFUSE_VDD_SPI_TIEH_ERR Represents a programming error to corresponding eFuse bit if any bit
in this field is 1. (RO)

EFUSE_VDD_SPI_FORCE_ERR Represents a programming error to corresponding eFuse bit if any
bit in this field is 1. (RO)

EFUSE_WDT_DELAY_SEL_ERR Represents a programming error to corresponding eFuse bit if any
bit in this field is 1. (RO)

EFUSE_SPI_BOOT_CRYPT_CNT_ERR Represents a programming error to corresponding eFuse bit
if any bit in this field is 1. (RO)

EFUSE_SECURE_BOOT_KEY_REVOKEO_ERR Represents a programming error to corresponding
eFuse bit if any bit in this field is 1. (RO)

EFUSE_SECURE_BOOT_KEY_REVOKE1_ERR Represents a programming error to corresponding
eFuse bit if any bit in this field is 1. (RO)

EFUSE_SECURE_BOOT_KEY_REVOKE2_ERR Represents a programming error to corresponding
eFuse bit if any bit in this field is 1. (RO)

EFUSE_KEY_PURPOSE_0_ERR Represents a programming error to corresponding eFuse bit if any
bit in this field is 1. (RO)

EFUSE_KEY_PURPOSE_1_ERR Represents a programming error to corresponding eFuse bit if any
bit in this field is 1. (RO)
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Register 5.98. EFUSE_RD_REPEAT_ERR2_REG (0x0184)
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EFUSE_KEY_PURPOSE_2_ERR Represents a programming error to corresponding eFuse bit if any
bit in this field is 1. (RO)

EFUSE_KEY_PURPOSE_3_ERR Represents a programming error to corresponding eFuse bit if any
bit in this field is 1. (RO)

EFUSE_KEY_PURPOSE_4_ERR Represents a programming error to corresponding eFuse bit if any
bit in this field is 1. (RO)

EFUSE_KEY_PURPOSE_5_ERR Represents a programming error to corresponding eFuse bit if any
bit in this field is 1. (RO)

EFUSE_RPT4_RESERVEDO_ERR Represents a programming error to corresponding eFuse bit if any
bit in this field is 1. (RO)

EFUSE_SECURE_BOOT_EN_ERR Represents a programming error to corresponding eFuse bit if
any bit in this field is 1. (RO)

EFUSE_SECURE_BOOT_AGGRESSIVE_REVOKE_ERR Represents a programming error to corre-
sponding eFuse bit if any bit in this field is 1. (RO)

EFUSE_DIS_USB_JTAG_ERR Represents a programming error to corresponding eFuse bit if any bit
in this field is 1. (RO)

EFUSE_DIS_USB_SERIAL_JTAG_ERR Represents a programming error to corresponding eFuse bit
if any bit in this field is 1. (RO)

EFUSE_STRAP_JTAG_SEL_ERR Represents a programming error to corresponding eFuse bit if any
bit in this field is 1. (RO)

EFUSE_USB_PHY_SEL_ERR Represents a programming error to corresponding eFuse bit if any bit
in this field is 1. (RO)

EFUSE_FLASH_TPUW_ERR Represents a programming error to corresponding eFuse bit if any bit
in this field is 1. (RO)
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Register 5.99. EFUSE_RD_REPEAT_ERR3_REG (0x0188)
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EFUSE_DIS_DOWNLOAD_MODE_ERR Represents a programming error to corresponding eFuse
bit if any bit in this field is 1. (RO)
EFUSE_DIS_LEGACY_SPI_BOOT_ERR Represents a programming error to corresponding eFuse
bit if any bit in this field is 1. (RO)
EFUSE_DIS_USB_PRINT_ERR Represents a programming error to corresponding eFuse bit if any
bit in this field is 1. (RO)
EFUSE_FLASH_ECC_MODE_ERR Represents a programming error to corresponding eFuse bit if
any bit in this field is 1. (RO)
EFUSE_DIS_USB_SERIAL_JTAG_DOWNLOAD_MODE_ERR Represents a programming error to
corresponding eFuse bit if any bit in this field is 1. (RO)
EFUSE_ENABLE_SECURITY_DOWNLOAD_ERR Represents a programming error to correspond-
ing eFuse bit if any bit in this field is 1. (RO)
EFUSE_UART_PRINT_CONTROL_ERR Represents a programming error to corresponding eFuse
bit if any bit in this field is 1. (RO)
EFUSE_PIN_POWER_SELECTION_ERR Represents a programming error to corresponding eFuse
bit if any bit in this field is 1. (RO)
EFUSE_FLASH_TYPE_ERR Represents a programming error to corresponding eFuse bit if any bit in
this field is 1. (RO)
EFUSE_FLASH_PAGE_SIZE_ERR Represents a programming error to corresponding eFuse bit if
any bit in this field is 1. (RO)
EFUSE_FLASH_ECC_EN_ERR Represents a programming error to corresponding eFuse bit if any
bit in this field is 1. (RO)
EFUSE_FORCE_SEND_RESUME_ERR Represents a programming error to corresponding eFuse
bit if any bit in this field is 1. (RO)
Continued on the next page...
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Register 5.99. EFUSE_RD_REPEAT_ERR3_REG (0x0188)

Continued from the previous page...

EFUSE_SECURE_VERSION_ERR Represents a programming error to corresponding eFuse bit if any
bit in this field is 1. (RO)

EFUSE_DIS_USB_OTG_DOWNLOAD_MODE_ERR Represents a programming error to corre-
sponding eFuse bit if any bit in this field is 1. (RO)

Register 5.100. EFUSE_RD_REPEAT_ERR4_REG (0x018C)
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EFUSE_RPT4_RESERVED2_ERR Represents a programming error to corresponding eFuse bit if any
bit in this field is 1. (RO)
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Register 5.101. EFUSE_RD_RS_ERRO_REG (0x01C0)
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EFUSE_MAC_SPI_8M_ERR_NUM Represents the number of error bytes during programming
MAGC_SPI_8M. (RO)

EFUSE_MAC_SPI_8M_FAIL Represents whether or not the data is reliable. 0: Means no failure and
that the data of MAC_SPI_8M is reliable. 1: Means that programming data of MAC_SPI_8M has
failed and the number of error bytes is over 6. (RO)

EFUSE_SYS_PART1_NUM Represents the number of error bytes during programming system part1.
(RO)

EFUSE_SYS_PART1_FAIL Represents whether or not the data is reliable. 0: Means no failure and
that the data of system part1 is reliable. 1: Means that programming data of system part1 failed
and the number of error bytes is over 6. (RO)

EFUSE_USR_DATA_ERR_NUM Represents the number of error bytes during programming user
data. (RO)

EFUSE_USR_DATA_FAIL Represents whether or not the data is reliable. 0: Means no failure and
that the user data is reliable. 1: Means that programming user data failed and the numiber of error
bytes is over 6. (RO)

EFUSE_KEYO0_ERR_NUM Represents the number of error bytes during programming KEYO. (RO)

EFUSE_KEYO_FAIL Represents whether or not the data is reliable. 0: Means no failure and that the
data of keyO is reliable. 1: Means that programming keyO failed and the number of error bytes is
over 6. (RO)

EFUSE_KEY1_ERR_NUM Represents the number of error bytes during programming KEY1. (RO)

EFUSE_KEY1_FAIL Represents whether or not the data is reliable. 0: Means no failure and that the
data of key1 is reliable. 1: Means that programming key1 failed and the number of error bytes is
over 6. (RO)

EFUSE_KEY2_ERR_NUM Represents the number of error bytes during programming KEY2. (RO)

EFUSE_KEY2_FAIL Represents whether or not the data is reliable. 0: Means no failure and that the
data of key2 is reliable. 1: Means that programming key2 failed and the number of error bytes is
over 6. (RO)

Continued on the next page...
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Register 5.101. EFUSE_RD_RS_ERRO_REG (0x01C0)

Continued from the previous page...
EFUSE_KEY3_ERR_NUM Represents the number of error bytes during programming KEY3. (RO)

EFUSE_KEY3_FAIL Represents whether or not the data is reliable. 0: Means no failure and that the
data of key3 is reliable. 1: Means that programming key3 failed and the number of error bytes is
over 6. (RO)

EFUSE_KEY4_ERR_NUM Represents the number of error bytes during programming KEY4. (RO)

EFUSE_KEY4_FAIL Represents whether or not the data is reliable. 0: Means no failure and that the
data of KEY4 is reliable. 1: Means that programming data of KEY4 failed and the number of error
bytes is over 6. (RO)

Register 5.102. EFUSE_RD_RS_ERR1_REG (0x01C4)
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EFUSE_KEY5_ERR_NUM Represents the number of error bytes during programming KEY5. (RO)

EFUSE_KEY5_FAIL Represents whether or not the data is reliable. 0: Means no failure and that the
data of KEY5 is reliable. 1: Means that programming data of KEY5 failed and the number of error
bytes is over 6. (RO)

EFUSE_SYS_PART2_ERR_NUM Represents the number of error bytes during programming system
part2. (RO)

EFUSE_SYS_PART2_FAIL Represents whether or not the data is reliable. 0: Means no failure and
that the data of system part2 is reliable. 1: Means that programming data of system part2 failed
and the number of error bytes is over 6. (RO)
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Register 5.103. EFUSE_CLK_REG (0x01C8)
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EFUSE_EFUSE_MEM_FORCE_PD Configures whether or not to force eFuse SRAM into power-
saving mode. 1: Force. 0: No effect. (R/W)

EFUSE_MEM_CLK_FORCE_ON Configures whether or not to force on activate clock signal of eFuse
SRAM. 1: Force. 0: No effect. (R/W)

EFUSE_EFUSE_MEM_FORCE_PU Configures whether or not to force eFuse SRAM into working
mode. 1: Force. 0: No effect. (R/W)

EFUSE_CLK_EN Configures whether or not to enable clock signal of eFuse registers. 1: Enable. O:
No effect. (R/W)

Register 5.104. EFUSE_CONF_REG (0x01CC)
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EFUSE_OP_CODE Configures whether to operate programming command or read command.
OxB5Ab5A: Operate programming command. 0x5AA5: Operate read command. (R/W)
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Register 5.105. EFUSE_CMD_REG (0x01D4)

O
& NP
(\\Q)& Q/?\/ Q//Cz//
& &G
& & &
\oooooooooooooooooooooooooo 0x0 oo\Reset
EFUSE_READ_CMD Configures whether or not to send read command. 1: Send. 0: No effect.
(R/WS/SC)
EFUSE_PGM_CMD Configures whether or not to send programming command. 1: Send. 0: No
effect. (R/WS/SC)
EFUSE_BLK_NUM Configures the index of the block to be programmed. Value O ~ 10 corresponds
to block number O ~ 10 respectively. (R/W)
Register 5.106. EFUSE_DAC_CONF_REG (0x01ES8)
Q
o
& > N
S)\/ < QS)
S g S S N
o & & o &
& & & & &
\ooooooooooooooo 255 0 28 \Reset
EFUSE_DAC_CLK_DIV Configures the division factor of the clock for the programming voltage. (R/W)
EFUSE_DAC_NUM Configures the rising period of the programming voltage. (R/W)
EFUSE_OE_CLR Configures whether or not to reduce the power supply of the programming voltage.
1: Reduce. 0: No effect. (R/W)
Register 5.107. EFUSE_RD_TIM_CONF_REG (0x01EC)
S
Q\Qy )
\)%Q// %Q?\
& @
‘31 24|23 0‘
\ 0x12 oooooooooooooooooooooooo\Reset
EFUSE_READ_INIT_NUM Configures the initial read time of eFuse. (R/W)
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Register 5.108. EFUSE_WR_TIME_CONF1_REG (0x01F4)

Q
vl
<
D = D
s & 3
o5 N 2
N & @
\oooooooo 0x2880 oooooooo\Rese»c
EFUSE_PWR_ON_NUM Configures the power up time for VDDQ. (R/W)
Register 5.109. EFUSE_WR_TIM_CONF2_REG (0x01F8)
Q
&
S
& ¢
)
& &
‘31 16|15 0‘
\oooooooooooooooo| 0x190 \Reset
EFUSE_PWR_OFF_NUM Configures the power off time for VDDQ. (R/W)
Register 5.110. EFUSE_STATUS_REG (0x01D0)
K
9%
(89
A/
S &
D & S S
o & S &
Q)% <<\> Q)“o <<\)
N <& N <&
\oooooooooooooo 0x0 0 0 0 0 0 O 0x0 \Reset

EFUSE_STATE Represents the state of the eFuse state machine. (RO)

EFUSE_REPEAT_ERR_CNT Represents the number of error bits during programming BLOCKO.
(RO)
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Register 5.111. EFUSE_INT_RAW_REG (0x01D8)
@SQ@
AN
S
59
VY
S 9
5 S
& S
\31 2| 1 | 0 \
\oooooooooooooooooooooooooooooo|0|o\Reset
EFUSE_READ_DONE_INT_RAW The raw interrupt status of READ_DONE. (R/WC/SS)
EFUSE_PGM_DONE_INT_RAW The raw interrupt status of PGM_DONE. (R/WC/SS)
Register 5.112. EFUSE_INT_ST_REG (0x01DC)
RN
% 7
Oéooe
. 2%
5 S
& &
‘31 2 1 0‘
\oooooooooooooooooooooooooooooooo\Reset
EFUSE_READ_DONE_INT_ST The masked interrupt status of READ_DONE. (RO)
EFUSE_PGM_DONE_INT_ST The masked interrupt status of PGM_DONE. (RO)
Register 5.113. EFUSE_INT_ENA_REG (0x01EQ)
X
/\@é&f
S
Oéooe
N7
N ol
5 S
& &

EFUSE_READ_DONE_INT_ENA Write 1 to enable READ_DONE. (R/W)

EFUSE_PGM_DONE_INT_ENA Write 1 to enable PGM_DONE. (R/W)
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Register 5.114. EFUSE_INT_CLR_REG (0x01E4)

c}%\ -
o& &>
77
S 0%‘3
é@ %((// %((//
& NN
@ &K

EFUSE_READ_DONE_INT_CLR Write 1 to clear READ_DONE. (WO)

EFUSE_PGM_DONE_INT_CLR Write 1 to clear PGM_DONE. (WO)

Register 5.115. EFUSE_DATE_REG (0x01FC)

&
5 3
& Q@Q/
@ &
‘ 31 28|27 0 ‘
\o 0 0 o0 0x2003310 \Reset
EFUSE_DATE Version control register. (R/W)
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6 10 MUX and GPIO Matrix (GPI1O, 10 MUX)

6.1 Overview

The ESP32-S3 chip features 45 physical GPIO pins. Each pin can be used as a general-purpose I/O, or be
connected to an internal peripheral signal. Through GPIO matrix, IO MUX, and RTC IO MUX, peripheral input
signals can be from any GPIO pin, and peripheral output signals can be routed to any GPIO pin. Together these
modules provide highly configurable 1/O.

Note that the 45 GPIO pins are numbered from 0 ~ 21 and 26 ~ 48. All these pins can be configured either
as input or output.

6.2 Features
GPIO Matrix Features

e A full-switching matrix between the peripheral input/output signals and the GPIO pins.

175 digital peripheral input signals can be sourced from the input of any GPIO pins.

The output of any GPIO pins can be from any of the 184 digital peripheral output signals.

Supports signal synchronization for peripheral inputs based on APB clock bus.

Provides input signal filter.

Supports sigma delta modulated output.
e Supports GPIO simple input and output.
10 MUX Features
¢ Provides one configuration register |IO_MUX_GPIOn_REG for each GPIO pin. The pin can be configured to
- perform GPIO function routed by GPIO matrix;
— or perform direct connection bypassing GPIO matrix.

e Supports some high-speed digital signals (SPI, JTAG, UART) bypassing GPIO matrix for better
high-frequency digital performance. In this case, IO MUX is used to connect these pins directly to
peripherals.

RTC 10 MUX Features
e Controls low power feature of 22 RTC GPIO pins.
e Controls analog functions of 22 RTC GPIO pins.

¢ Redirects 22 RTC input/output signals to RTC system.

6.3 Architectural Overview

Figure 6-1 shows in details how 10 MUX, RTC IO MUX, and GPIO matrix route signals from pins to peripherals,
and from peripherals to pins.
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Figure 6-1. Architecture of IO MUX, RTC 10 MUX, and GPIO Matrix

1. Only part of peripheral input signals (marked “yes” in column “Direct input through IO MUX” in Table 6-2)
can bypass GPIO matrix. The other input signals can only be routed to peripherals via GPIO matrix.

WPD.

be routed to pins bypassing GPIO matrix.

5.

There are only 45 outputs (GPIO pin X: 0 ~ 21, 26 ~ 48) from GPIO matrix to IO MUX.

. There are only 45 inputs from GPIO SYNC to GPIO matrix, since ESP32-S3 provides 45 GPIO pins in total.

The pins supplied by VDD3P3_CPU or by VDD3P3_RTC are controlled by the signals: IE, OE, WPU, and

Only part of peripheral outputs (marked “yes” in column “Direct output through 10 MUX” in Table 6-2) can

Figure 6-2 shows the internal structure of a pad, which is an electrical interface between the chip logic and the
GPIO pin. The structure is applicable to all 45 GPIO pins and can be controlled using IE, OE, WPU, and WPD

signals.
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pad

Routing from
a peripheral

=
|
:

Figure 6-2. Internal Structure of a Pad

Note:

¢ |E: input enable

e OE: output enable

e WPU: internal weak pull-up

e WPD: internal weak pull-down

e Bonding pad: a terminal point of the chip logic used to make a physical connection from the chip die to GPIO pin
in the chip package.

6.4 Peripheral Input via GPIO Matrix

6.4.1 Overview

To receive a peripheral input signal via GPIO matrix, the matrix is configured to source the peripheral input signal
from one of the 45 GPIOs (0 ~ 21, 26 ~ 48), see Table 6-2. Meanwhile, register corresponding to the peripheral
signal should be set to receive input signal via GPIO matrix.

6.4.2 Signal Synchronization

When signals are directed from pins using the GPIO matrix, the signals will be synchronized to the APB bus clock
by the GPIO SYNC hardware, then go to GPIO matrix. This synchronization applies to all GPIO matrix signals but
does not apply when using the 10 MUX, see Figure 6-1.
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Figure 6-3. GPIO Input Synchronized on APB Clock Rising Edge or on Falling Edge

Figure 6-3 shows the functionality of GPIO SYNC. In the figure, negative sync and positive sync mean GPIO input
is synchronized on APB clock falling edge and on APB clock rising edge, respectively.

6.4.3 Functional Description
To read GPIO pin X! into peripheral signal Y, follow the steps below:
1. Configure register GPIO_FUNCy_IN_SEL_CFG_REG corresponding to peripheral signal ¥ in GPIO matrix:
e Set GPIO_SIGy_IN_SEL to enable peripheral signal input via GPIO matrix.
e Set GPIO_FUNCy_IN_SEL to the desired GPIO pin, i.e. X here.

Note that some peripheral signals have no valid GPIO_SIGy_IN_SEL bit, namely, these peripherals can only
receive input signals via GPIO matrix.

2. Optionally enable the filter for pin input signals by setting the register IO_MUX_FILTER_EN. Only the signals
with a valid width of more than two APB clock cycles can be sampled, see Figure 6-4.

clk J\_‘\_‘

1 clock glitch

gpio_iu ~— >2clock ALIA Hm

filter_out ‘

Figure 6-4. Filter Timing of GPIO Input Signals

3. Synchronize GPIO input. To do so, please set GPIO_PINx_REG corresponding to GPIO pin X as follows:

e Set GPIO_PINX_SYNC1_BYPASS to enable input signal synchronized on rising edge or on falling edge
in the first clock, see Figure 6-3.
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e Set GPIO_PINX_SYNC2_BYPASS to enable input signal synchronized on rising edge or on falling edge
in the second clock, see Figure 6-3.

4. Configure 10 MUX register to enable pin input. For this end, please set I0_MUX_X_REG corresponding to
GPIO pin x as follows:

¢ Set I0_MUX_FUN_IE to enable input2.

e Set or clear IO_MUX_FUN_WPU and I0_MUX_FUN_WPD, as desired, to enable or disable pull-up
and pull-down resistors.

For example, to connect RMT channel O input signal® (rmt_sig_in0, signal index 81) to GPIO40, please follow the
steps below. Note that GPIO40 is also named as MTDO pin.

1. Set GPIO_SIG81_IN_SEL in register GPIO_FUNC81_IN_SEL_CFG_REG to enable peripheral signal input
via GPIO matrix.

2. Set GPIO_FUNCB81_IN_SEL in register GPIO_FUNC81_IN_SEL_CFG_REG to 40, i.e. select GPIO40.
3. Set IO_MUX_FUNL_IE in register IO_MUX_GPIO40_REG to enable pin input.

Note:

1. One pin input can be connected to multiple peripheral input signals.
2. The input signal can be inverted by configuring GPIO_FUNCy_IN_INV_SEL.
3. ltis possible to have a peripheral read a constantly low or constantly high input value without connecting this input
to a pin. This can be done by selecting a special GPIO_FUNCy_IN_SEL input, instead of a GPIO number:
e When GPIO_FUNCy_IN_SEL is set to 0x3C, input signal is always 0.
e When GPIO_FUNCy_IN_SEL is set to 0x38, input signal is always 1.

6.4.4 Simple GPIO Input

GPIO_IN_REG/GPIO_IN1_REG holds the input values of each GPIO pin. The input value of any GPIO pin can be
read at any time without configuring GPIO matrix for a particular peripheral signal. However, it is necessary to
enable pin input by setting IO_MUX_FUN_IE in register I0_MUX_x_REG corresponding to pin X, as described in
Section 6.4.2.

6.5 Peripheral Output via GPIO Matrix

6.5.1 Overview

To output a signal from a peripheral via GPIO matrix, the matrix is configured to route peripheral output signals
(only signals with a name assigned in the column ”"Output signal” in Table 6-2) to one of the 45 GPIOs (0 ~ 21, 26
~ 48).

The output signal is routed from the peripheral into GPIO matrix and then into 10 MUX. IO MUX must be
configured to set the chosen pin to GPIO function. This enables the output GPIO signal to be connected to the

pin.

Note:
There is a range of peripheral output signals (208 ~ 212 in Table 6-2) which are not connected to any peripheral, but to the
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input signals (208 ~ 212) directly. These can be used to input a signal from one GPIO pin and output directly to another
GPIO pin.

6.5.2 Functional Description

Some of the 256 output signals (signals with a name assigned in the column "Output signal” in Table 6-2) can be
set to go through GPIO matrix into 10 MUX and then to a pin. Figure 6-1 illustrates the configuration.

To output peripheral signal Y to a particular GPIO pin X' - 2, follow these steps:

1. Configure GPIO_FUNCx_OUT_SEL_CFG_REG and GPIO_ENABLE_REG]|x] corresponding to GPIO pin X in
GPIO matrix. Recommended operation: use corresponding W1TS (write 1 to set) and W1TC (write 1 to
clear) registers to set or clear GPIO_ENABLE_REG.

¢ Set the GPIO_FUNCx_OUT_SEL field in register GPIO_FUNCx_OUT_SEL_CFG_REG to the index of
the desired peripheral output signal Y.

e |f the signal should always be enabled as an output, set the bit GPIO_FUNCx_OEN_SEL in register
GPIO_FUNCx_OUT_SEL_CFG_REG and the bit in register GPIO_ENABLE/ENABLE1_W1TS_REG,
corresponding to GPIO pin X. To have the output enable signal decided by internal logic (for example,
the SPIQ_oe in column “Output enable signal when GPIO_FUNCn_OEN_SEL = 0” in Table 6-2), clear
the bit GPIO_FUNCx_OEN_SEL instead.

e Set the corresponding bit in register GPIO_ENABLE/ENABLE1_W1TC_REG to disable the output
from the GPIO pin.

2. For an open drain output, set the bit GPIO_PINx_PAD_DRIVER in register GPIO_PINx_REG corresponding
to GPIO pin X.

3. Configure IO MUX register to enable output via GPIO matrix. Set the I0_MUX_x_REG corresponding to
GPIO pin X as follows:

e Set the field IO_MUX_MCU_SEL to desired IO MUX function corresponding to GPIO pin X. This is
Function 1 (GPIO function), numeric value 1, for all pins.

e Set the field IO_MUX_FUN_DRYV to the desired value for output strength (O ~ 3). The higher the driver
strength, the more current can be sourced/sunk from the pin.

- 0:~5mA

- 1:~10mA

— 2: ~20 mA (default value)
- 3: ~40mA

e |f using open drain mode, set/clear IO_MUX_FUN_WPU and I0_MUX_FUN_WPD to enable/disable
the internal pull-up/pull-down resistors.

Note:

1. The output signal from a single peripheral can be sent to multiple pins simultaneously.

2. The output signal can be inverted by setting GPIO_FUNCx_OUT_INV_SEL.
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6.5.3 Simple GPIO Output
GPIO matrix can also be used for simple GPIO output. This can be done as below:
e Set GPIO matrix GPIO_FUNCn_OUT_SEL with a special peripheral index 256 (0x100);

e Set the corresponding bit in GPIO_OUT_REG[31:0] or GPIO_OUT1_REG[21:0] to the desired GPIO output
value.

Note:

e GPIO_OUT_REG[21:0] and GPIO_OUT_REG[31:26] correspond to GPIO0 ~ 21 and GPIO26 ~ 31, respectively.
GPIO_OUT_REG[25:22] are invalid.

e GPIO_OUT1_REG[16:0] correspond to GPIO32 ~ 48, and GPIO_OUT1_REG[21:17] are invalid.

e Recommended operation: use corresponding W1TS and W1TC registers, such as GPIO_OUT_W1TS/GPIO_OUT _
WA1TC to set or clear the registers GPIO_OUT_REG/GPIO_OUT1_REG.

6.5.4 Sigma Delta Modulated Output
6.5.4.1 Functional Description

Eight out of the 256 peripheral outputs (index: 93 ~ 100 in Table 6-2) support 1-bit second-order sigma delta
modulation. By default output is enabled for these eight channels. This Sigma Delta modulator can also output
PDM (pulse density modulation) signal with configurable duty cycle. The transfer function is:

H(z) = X@z ' +EQ(-z7 )
E(z) is quantization error and X(z) is the input.
This modulator supports scaling down of APB_CLK by divider 1 ~ 256:
e Set GPIO_FUNCTION_CLK_EN to enable the modulator clock.
e Configure GPIO_SDn_PRESCALE (nis O ~ 7 for eight channels).
After scaling, the clock cycle is equal to one pulse output cycle from the modulator.

GPIO_SDn_IN is a signed number with a range of [-128, 127] and is used to control the duty cycle * of PDM
output signal.

e GPIO_SDn_IN = -128, the duty cycle of the output signal is 0%.

e GPIO_SDn_IN = 0, the duty cycle of the output signal is near 50%.

e GPIO_SDn_IN = 127, the duty cycle of the output signal is close to 100%.
The formula for calculating PDM signal duty cycle is shown as below:

GPIO_SDn_IN + 128
256

Duty_Cycle =

Note:
For PDM signals, duty cycle refers to the percentage of high level cycles to the whole statistical period (several pulse
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cycles, for example 256 pulse cycles).

6.5.4.2 SDM Configuration

The configuration of SDM is shown below:
¢ Route one of SDM outputs to a pin via GPIO matrix, see Section 6.5.2.
¢ Enable the modulator clock by setting GPIO_FUNCTION_CLK_EN.
o Configure the divider value by setting GPIO_SDn_PRESCALE.

e Configure the duty cycle of SDM output signal by setting GPIO_SDn_IN.

6.6 Direct Input and Output via IO MUX

6.6.1 Overview

Some high-speed signals (SPI and JTAG) can bypass GPIO matrix for better high-frequency digital performance.
In this case, 10 MUX is used to connect these pins directly to the peripherals.

This option is less flexible than routing signals via GPIO matrix, as the IO MUX register for each GPIO pin can only
select from a limited number of functions, but high-frequency digital performance can be improved.

6.6.2 Functional Description
Two registers must be configured in order to bypass GPIO matrix for peripheral input signals:

1. I0_MUX_MCU_SEL for the GPIO pin must be set to the required pin function. For the list of pin functions,
please refer to Section 6.12.

2. Clear GPIO_SIGn_IN_SEL to route the input directly to the peripheral.

To bypass GPIO matrix for peripheral output signals, |IO_MUX_MCU_SEL for the GPIO pin must be set to the
required pin function. For the list of pin functions, please refer to Section 6.12.

Note:
Not all signals can be connected to peripheral via IO MUX. Some input/output signals can only be connected to peripheral
via GPIO matrix.

6.7 RTC IO MUX for Low Power and Analog Input/Output

6.7.1 Overview

ESP32-S3 provides 22 GPIO pins with low power capabilities (RTC) and analog functions, which are handled by
the RTC subsystem of ESP32-S3. |0 MUX and GPIO matrix are not used for these functions, rather, RTC IO
MUX is used to redirect 22 RTC input/output signals to the RTC subsystem.

When configured as RTC GPIOs, the output pins can still retain the output level value when the chip is in
Deep-sleep mode, and the input pins can wake up the chip from Deep-sleep.
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6.7.2 Low Power Capabilities

The pins with RTC functions are controlled by RTC_IO_TOUCH/RTC_PADn_MUX_SEL bit in register

RTC_IO_

TOUCH/RTC_PADn_REG. By default all bits in these registers are set to 0, routing all input/output signals via 10
MUX.

If RTC_IO_TOUCH/RTC_PADn_MUX_SEL is set to 1, then input/output signals to and from that pin is routed to
the RTC subsystem. In this mode, RTC_IO_TOUCH/RTC_PADn_REG is used to control RTC low power pins.
Note that RTC_IO_TOUCH/RTC_PADn_REG applies the RTC GPIO pin numbering, not the GPIO pin numbering.
See Table 6-4 for RTC functions of RTC IO MUX pins.

6.7.3 Analog Functions

When the pin is used for analog purpose, make sure this pin is left floating by configuring the register
RTC_IO_TOUCH

/RTC_PADN_REG. By such way, external analog signal is connected to internal analog signal via GPIO pin. The
configuration is as follows:

e Set RTC_IO_TOUCH/RTC_PADn_MUX_SEL, to select RTC 10 MUX to route input and output signals.

e Clear RTC_IO_TOUCH/RTC_PADN_FUN_IE, RTC_IO_TOUCH/RTC_PADN_
FUN_RUE, and RTC_IO_TOUCH/RTC_PADn_FUN_RDE, to set this pin floating.

e Configure RTC_IO_TOUCH/RTC_PADn_FUN_SEL to 0, to enable analog function O.
e Write 1 to RTC_GPIO_ENABLE_W1TC, to clear output enable.

See Table 6-5 for analog functions of RTC IO MUX pins.

6.8 Pin Functions in Light-sleep

Pins may provide different functions when ESP32-S3 is in Light-sleep mode. If IO_MUX_SLP_SEL in register
IO_MUX_n_REG for a GPIO pin is set to 1, a different set of bits will be used to control the pin when the chip is in
Light-sleep mode.

Table 6-1. Bits Used to Control IO MUX Functions in Light-sleep Mode

. Normal Execution Light-sleep Mode
10 MUX Functions
OR IO_MUX_SLP_SEL =0 AND I0_MUX_SLP_SEL =1
Output Drive Strength IO_MUX_FUN_DRV IO_MUX_MCU_DRV
Pull-up Resistor IO_MUX_FUN_WPU IO_MUX_MCU_WPU
Pull-down Resistor IO_MUX_FUN_WPD IO_MUX_MCU_WPD
Output Enable OEN_SEL from GPIO matrix * | I0_MUX_MCU_OE

Note:
If IO_MUX_SLP_SEL is set to 0, pin functions remain the same in both normal execution and Light-sleep mode. Please

refer to Section 6.5.2 for how to enable output in normal execution.
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6.9 Pin Hold Feature

Each GPIO pin (including the RTC pins) has an individual hold function controlled by an RTC register. When the
pin is set to hold, the state is latched at that moment and will not change no matter how the internal signals
change or how the IO MUX/GPIO configuration is modified. Users can use the hold function for the pins to retain
the pin state through a core reset and system reset triggered by watchdog time-out or Deep-sleep events.

Note:

e For digital pins, to maintain pin input/output status in Deep-sleep mode, users can set RTC_CNTL_DG_PAD_
FORCE_UNHOLD to 0 before powering down. For RTC pins, the input and output values are controlled by the
corresponding bits of register RTC_CNTL_PAD_HOLD_REG, and users can set it to 1 to hold the value or set it to
0 to unhold the value.

¢ To disable the hold function after the chip is woken up, users can set RTC_CNTL_DG_PAD_FORCE_UNHOLD to
1. To maintain the hold function of the pin, users can set the corresponding bit in register RTC_CNTL_PAD_
HOLD_REG to 1.

6.10 Power Supply and Management of GPIO Pins

6.10.1 Power Supply of GPIO Pins

For more information on the power supply for GPIO pins, please refer to Pin Definition in ESP32-S3
Datasheet.

6.10.2 Power Supply Management

Each ESP32-S3 pin is connected to one of the three different power domains.
e \VDD3P3_RTC: the input power supply for both RTC and CPU
e VDD3P3_CPU: the input power supply for CPU
e VDD_SPI: configurable input/output power supply

VDD_SPI can be configured to use an internal LDO. The LDO input and output both are 1.8 V. If the LDO is not
enabled, VDD_SPI is connected directly to the same power supply as VDD3P3_RTC.

The VDD_SPI configuration is determined by the value of strapping pin GPIO45, or can be overriden by eFuse
and/or register settings. See ESP32-S3 Datasheet sections Power Scheme and Strapping Pins for more
details.

Note that GPIO33 ~ GPIO37 can be powered either by VDD_SPI or VDD3P3_CPU.

6.11 Peripheral Signals via GPIO Matrix
Table 6-2 shows the peripheral input/output signals via GPIO matrix.
Please pay attention to the configuration of the bit GPIO_FUNCn_OEN_SEL:

e GPIO_FUNCn_OEN_SEL = 1: the output enable is controlled by the corresponding bit n of
GPIO_ENABLE_REG:

- GPIO_ENABLE_REG = 0O: output is disabled;
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— GPIO_ENABLE_REG = 1: output is enabled;

e GPIO_FUNCn_OEN_SEL = 0: use the output enable signal from peripheral, for example SPIQ_oe in the
column “Output enable signal when GPIO_FUNCn_OEN_SEL = 0” of Table 6-2. Note that the signals such
as SPIQ_oe can be 1 (1°d1) or O (1’d0), depending on the configuration of corresponding peripherals. If it’s
1'd1 in the “Output enable signal when GPIO_FUNCn_OEN_SEL = 07, it indicates that once the register
GPIO_FUNCn_OEN_SEL is cleared, the output signal is always enabled by default.

Note:
Signals are numbered consecutively, but not all signals are valid.

¢ Only the signals with a name assigned in the column "Input signal” in Table 6-2 are valid input signals.

¢ Only the signals with a name assigned in the column "Output signal” in Table 6-2 are valid output signals.
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Table 6-2. Peripheral Signals via GPIO Matrix

9

(XNIN Ol ‘OIdD) XLreN OIdD Pue XNIN Ol

Signal . Default Dlrect. . Output enable signal when Direct .
No. Input Signal value Input via Output Signal GPIO_FUNC/ OEN_SEL = 0 Output via
10 MUX 10 MUX

0 SPIQ_in 0 yes SPIQ_out SPIQ_oe yes

1 SPID_in 0 yes SPID_out SPID_oe yes

2 SPIHD_in 0 yes SPIHD_out SPIHD_oe yes

3 SPIWP_in 0 yes SPIWP_out SPIWP_oe yes

4 - - - SPICLK_out_mux SPICLK _oe yes

5 - - - SPICS0_out SPICS0_oe yes

6 - - - SPICS1_out SPICS1_oce yes

7 SPID4_in 0 yes SPID4_out SPID4_oe yes

8 SPID5_in 0 yes SPID5_out SPID5_oe yes

9 SPID6_in 0 yes SPID6_out SPID6_oe yes
10 SPID7_in 0 yes SPID7_out SPID7_oe yes
11 SPIDQS_in 0 yes SPIDQS_out SPIDQS_oe yes
12 UORXD_in 0 yes UOTXD_out 1'd1 yes
13 UOCTS_in 0 yes UORTS_out 1°d1 yes
14 UODSR_in 0 no UODTR_out 1°d1 no
15 U1RXD_in 0 yes U1TXD_out 1°d1 yes
16 U1CTS_in 0 yes U1RTS_out 1’d1 yes
17 U1DSR_in 0 no U1DTR_out 1°d1 no
18 U2RXD_in 0 no U2TXD_out 1'd1 no
19 U2CTS_in 0 no U2RTS_out 1°d1 no
20 U2DSR_in 0 no U2DTR_out 1'd1 no

21 12S1_MCLK_in 0 no 12S1_MCLK _out 1°d1 no
22 12S00_BCK_in 0 no 12S00_BCK _out 1°d1 no
23 12S0_MCLK_in 0 no 12S0_MCLK _out 1'd1 no
24 12S00_WS_in 0 no 12S00_WS_out 1°d1 no

(¢ uoision) INHL £€S-26dS3
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Signal . Default DlreCt. : Output enable signal when Direct _

No. Input Signal value Input via | Output Signal GPIO FUNGH OEN SEL =0 Output via
10 MUX 10 MUX

25 12S0I_SD_in 0 no 12S00_SD_out 1'd1 no

26 12S0I_BCK_in 0 no 12S01_BCK _out 1°d1 no

27 12S0I_WS_in 0 no 12S0I_WS_out 1°d1 no

28 12S10_BCK_in 0 no 12S10_BCK _out 1°d1 no

29 12S10_WS_in 0 no 12S10_WS_out 1°d1 no

30 12S11_SD_in 0 no 12S510_SD_out 1°d1 no

31 12S11_BCK_in 0 no 12S11_BCK _out 1°d1 no

32 12S11_WS_in 0 no 12S11_WS_out 1°d1 no

33 pcnt_sig_ch0_in0 0 no - 1'a1 no

34 pcnt_sig_ch1_in0 0 no - 1°d1 no

35 pcnt_ctrl_ch0_in0 0 no - 1°a1 ~

36 pcnt_ctrl_ch1_in0 0 no - 1'd1 _

37 pcnt_sig_chO_in1 0 no - 1'd1 _

38 pcnt_sig_ch1_in1 0 no - 1°a1 -

39 pcnt_ctrl_ch0_in1 0 no - 1'd1 _

40 pecnt_ctrl_ch1_in1 0 no - 1°a1 ~

41 pcnt_sig_ch0_in2 0 no - 1'd1 _

42 pcnt_sig_ch1_in2 0 no - 1°d1 _

43 pcnt_ctrl_ch0_in2 0 no - 1’d1 _

44 pcnt_ctrl_ch1_in2 0 no - 1'd1 ~

45 pcnt_sig_ch0_in3 0 no - 1'd1 B

46 pcnt_sig_ch1_in3 0 no - 1'd1 _

47 pcnt_ctrl_ch0_in3 0 no - 1°d1 _

48 pcnt_ctrl_ch1_in3 0 no - 1'd1 _

49 - - - - 1d1 i

50 - - - - Td -

51 12S01_SD1_in 0 no - 1°d1 -
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Signal . Default Dlrect. . Output enable signal when Direct .

No. Input Signal value Input via | Output Signal GPIO_FUNC/_OEN_SEL = 0 Output via
10 MUX 10 MUX

52 12S01_SD2_in 0 no - 1°d1 -

53 12S01_SD3_in 0 no - 1°d1 -

54 Corel_gpio_in7 0 no Core1_gpio_out7 1'd1 no

55 - - - - 1°d1 -

56 - - - - 1°d1 -

57 - - - - 1°d1 -

58 usb_otg_iddig_in 0 no - 1°d1 -

59 usb_otg_avalid_in 0 no - 1'd1 -

60 usb_srp_bvalid_in 0 no usb_otg_idpullup 1'd1 no

61 usb_otg_vbusvalid_in 0 no usb_otg_dppulldown 1°d1 no

62 usb_srp_sessend_in 0 no usb_otg_dmpulldown 1'd1 no

63 - - - usb_otg_drwbus 1'd1 no

64 - - - usb_srp_chrgvbus 1'd1 no

65 - - - usb_srp_dischrgvbus 1°a1 no

66 SPI3_CLK in 0 no SPI3_CLK_out_mux SPI3_CLK _oe no

67 SPI3_Q_in 0 no SPI3_Q_out SPI3_Q_oe no

68 SPI3_D_in 0 no SPI3_D_out SPI3_D_oe no

69 SPI3_HD_in 0 no SPI3_HD_out SPI3_HD_oe no

70 SPI3_WP_in 0 no SPI3_WP_out SPI3_WP_oe no

71 SPI3_CSO_in 0 no SPI3_CS0_out SPI3_CS0_oe no

72 - - - SPI3_CS1_out SPI3_CS1_oe no

73 ext_adc_start 0 no ledc_lIs_sig_outO 1'd1 no

74 - - - ledc_Is_sig_out1 1’a1 no

75 - - - ledc_ls_sig_out2 1°d1 no

76 - - - ledc_ls_sig_out3 1'd1 no

77 - - - ledc_ls_sig_out4 1°d1 no

78 - - - ledc_ls_sig_outb 1'd1 no
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Signal . Default Dlrect. . Output enable signal when Direct .
No. Input Signal value Input via | Output Signal GPIO_FUNC/_OEN_SEL = 0 Output via
10 MUX 10 MUX
79 - - - ledc_ls_sig_out6 1'd1 no
80 - - - ledc_ls_sig_out7 1°d1 no
81 rmt_sig_in0O 0 no rmt_sig_outO 1°d1 no
82 rmt_sig_in1 0 no rmt_sig_out 1°d1 no
83 rmt_sig_in2 0 no rmt_sig_out2 1°d1 no
84 rmt_sig_in3 0 no rmt_sig_out3 1'd1 no
85 - - - - 1°d1 -
86 - - - - 1°d1 -
87 - - - - 1°d1 -
88 - - - - 1°d1 -
89 I2CEXTO_SCL_in 1 no I2CEXTO_SCL _out I2CEXTO_SCL_oe no
90 I2CEXTO_SDA_in 1 no I2CEXTO_SDA_out I2CEXTO_SDA _oe no
91 I2CEXT1_SCL_in 1 no [2CEXT1_SCL_out I2CEXT1_SCL_oe no
92 I2CEXT1_SDA_in 1 no I2CEXT1_SDA_out I2CEXT1_SDA_oe no
93 - - - gpio_sdO_out 1'd1 no
94 - - - gpio_sd1_out 1°a1 no
95 - - - gpio_sd2_out 1'd1 no
96 - - - gpio_sd3_out 1'd1 no
97 ) : - gpio_sd4_out 1’d1 no
98 - - - gpio_sd5_out 1'd1 no
99 - - - gpio_sd6_out 1°a1 no
100 - - - gpio_sd7_out 1'd1 no
101 FSPICLK in 0 yes FSPICLK_out_mux FSPICLK oe yes
102 FSPIQ_in 0 yes FSPIQ_out FSPIQ_oe yes
103 FSPID_in 0 yes FSPID_out FSPID_oe yes
104 FSPIHD_in 0 yes FSPIHD_out FSPIHD_oe yes
105 FSPIWP_in 0 yes FSPIWP_out FSPIWP_oe yes
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Signal . Default Dlrect. . Output enable signal when Direct .
No. Input Signal value Input via | Output Signal GPIO_FUNC/_OEN_SEL = 0 Output via
10 MUX 10 MUX

106 FSPIIO4_in 0 yes FSPIIO4_out FSPIIO4_oe yes
107 FSPIIO5_in 0 yes FSPIIO5_out FSPIIO5_oe yes
108 FSPIIO6_in 0 yes FSPIIO6_out FSPIIO6_oe yes
109 FSPIO7_in 0 yes FSPIIO7_out FSPIIO7_oe yes
110 FSPICSO_in 0 yes FSPICSO_out FSPICSO_oe yes
111 - - - FSPICS1_out FSPICS1_oe no
112 - - - FSPICS2_out FSPICS2_oe no
113 - - - FSPICS3_out FSPICS3_oe no
114 - - - FSPICS4_out FSPICS4_oe no
115 - - - FSPICS5_out FSPICS5_oe no
116 twai_rx 1 no twai_tx 1’d1 no
117 - - - twai_bus_off_on 1'd1 no
118 - - - twai_clkout 1'd1 no
119 - - - SUBSPICLK _out_mux SUBSPICLK _oe no
120 SUBSPIQ_in 0 yes SUBSPIQ_out SUBSPIQ_oe yes
121 SUBSPID_in 0 yes SUBSPID_out SUBSPID_oe yes
122 SUBSPIHD_in 0 yes SUBSPIHD_out SUBSPIHD_oe yes
123 SUBSPIWP_in 0 yes SUBSPIWP_out SUBSPIWP_oe yes
124 - - - SUBSPICSO_out SUBSPICS0_oce yes
125 - - - SUBSPICS1 _out SUBSPICS1_oe yes
126 - - - FSPIDQS_out FSPIDQS_oe yes
127 - - - SPI3_CS2_out SPI3_CS2_oe no
128 - - - 12S00_SD1_out 1°d1 no
129 Corel_gpio_in0 0 no Core1_gpio_out0 1'd1 no
130 Corel_gpio_in1 0 no Core1_gpio_outl 1'd1 no
131 Corel_gpio_in2 0 no Core1_gpio_out2 1'd1 no
132 - - - LCD_CS 1°d1 no

9

(XNIN Ol ‘OIdD) XLreN OIdD Pue XNIN Ol

3oegqoy


https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.2

SOBQP&8] UOBIUaLWNO0( JIWGNS

SWe1sAg Jissaids]

ely

(¢ uoision) INHL £€S-26dS3

Signal . Default Dlrect. . Output enable signal when Direct .
No. Input Signal value Input via | Output Signal GPIO_FUNC/_OEN_SEL = 0 Output via
10 MUX 10 MUX

133 CAM_DATA_InO 0 no LCD_DATA_outO 1°d1 no
134 CAM_DATA_In1 0 no LCD_DATA_out1 1°d1 no
135 CAM_DATA_in2 0 no LCD_DATA_out2 1'd1 no
136 CAM_DATA_in3 0 no LCD_DATA_out3 1°d1 no
137 CAM_DATA_in4 0 no LCD_DATA_out4 1°d1 no
138 CAM_DATA_in5 0 no LCD_DATA_out5 1°d1 no
139 CAM_DATA_in6 0 no LCD_DATA_out6 1°d1 no
140 CAM_DATA_in7 0 no LCD_DATA _out7 1°d1 no
141 CAM_DATA_In8 0 no LCD_DATA_out8 1°d1 no
142 CAM_DATA_in9 0 no LCD_DATA_out9 1°d1 no
143 CAM_DATA_in10 0 no LCD_DATA_out10 1°d1 no
144 CAM_DATA_in11 0 no LCD_DATA_out11 1°d1 no
145 CAM_DATA_in12 0 no LCD_DATA_out12 1°d1 no
146 CAM_DATA_in13 0 no LCD_DATA_out13 1°d1 no
147 CAM_DATA_in14 0 no LCD_DATA_out14 1°d1 no
148 CAM_DATA_in15 0 no LCD_DATA_out15 1°d1 no
149 CAM_PCLK 0 no CAM_CLK 1°d1 no
150 CAM_H_ENABLE 0 no LCD_H_ENABLE 1°d1 no
151 CAM_H_SYNC 0 no LCD_H_SYNC 1°d1 no
152 CAM_V_SYNC 0 no LCD_V_SYNC 1°d1 no
153 - - - LCD_DC 1°d1 no
154 - - - LCD_PCLK 1°d1 no
155 SUBSPID4._in 0 yes SUBSPID4_out SUBSPID4_oe no
156 SUBSPID5_in 0 yes SUBSPID5_out SUBSPID5_oe no
157 SUBSPID6_in 0 yes SUBSPID6_out SUBSPID6_oe no
158 SUBSPID7_in 0 yes SUBSPID7_out SUBSPID7_oe no
159 SUBSPIDQS_in 0 yes SUBSPIDQS_out SUBSPIDQS_oe no
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Signal . Default Dlrect. . Output enable signal when Direct .
No. Input Signal value Input via | Output Signal GPIO_FUNC/_OEN_SEL = 0 Output via
10 MUX 10 MUX
160 pwmO_syncO_in 0 no pwmO_outOa 1'd1 no
161 pwmO_synci1_in 0 no pwmO_outOb 1°d1 no
162 pwmO_sync2_in 0 no pwmO_outla 1'd1 no
163 pwmO_fO_in 0 no pwmO_out1b a1 no
164 pwmO_f1_in 0 no pwmO_out2a 1°d1 no
165 pwmO_f2_in 0 no pwmO_out2b 1'd1 no
166 pwmO_cap0_in 0 no pwm1_outOa 1°d1 no
167 pwmO_capi_in 0 no pwm1_outOb 1'd1 no
168 pwmO_cap2_in 0 no pwmi_outia 1'd1 no
169 pwm1_syncO_in 0 no pwm1_out1b 1'd1 no
170 pwmi1_syncl_in 0 no pwm1_out2a 1’d1 no
171 pwmi1_sync2_in 0 no pwm1_out2b 1'd1 no
172 pwm1_fO_in 0 no sdhost_cclk_out_1 1'd1 no
173 pwm1_f1_in 0 no sdhost_cclk_out_2 1°a1 no
174 pwm1_f2_in 0 no sdhost_rst_n_1 1'd1 no
175 pwm1_cap0_in 0 no sdhost_rst_n_2 1'd1 no
176 pwm1_cap1_in 0 no sd- 1'd1 no
host_ccmd_od_pullup_en_n

177 pwm1_cap2_in 0 no sdio_tohost_int_out 1'd1 no
178 sdhost_ccmd_in_1 1 no sdhost_ccmd_out_1 sdhost_ccmd_out_en_1 no
179 sdhost_ccmd_in_2 1 no sdhost_ccmd_out_2 sdhost_ccmd_out_en_2 no
180 sdhost_cdata_in_10 1 no sdhost_cdata_out_10 sdhost_cdata_out_en_10 no
181 sdhost_cdata_in_11 1 no sdhost_cdata_out_11 sdhost_cdata_out_en_11 no
182 sdhost_cdata_in_12 1 no sdhost_cdata_out_12 sdhost_cdata_out_en_12 no
183 sdhost_cdata_in_13 1 no sdhost_cdata_out_13 sdhost_cdata_out_en_13 no
184 sdhost_cdata_in_14 1 no sdhost_cdata_out_14 sdhost_cdata_out_en_14 no
185 sdhost_cdata_in_15 1 no sdhost_cdata_out_15 sdhost_cdata_out_en_15 no
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Signal . Default Dlrect. . Output enable signal when Direct .
No. Input Signal value Input via | Output Signal GPIO_FUNC/_OEN_SEL = 0 Output via
10 MUX 10 MUX
186 sdhost_cdata_in_16 1 no sdhost_cdata_out_16 sdhost_cdata_out_en_16 no
187 sdhost_cdata_in_17 1 no sdhost_cdata_out_17 sdhost_cdata_out_en_17 no
188 - - - - 1°d1 -
189 - - - - 1°d1 -
190 - - - - 1°d1 -
191 - - - - 1°d1 -
192 sdhost_data_strobe_1 0 no - 1'd1 -
193 sdhost_data_strobe_2 0 no - 1'd1 -
194 sdhost_card_detect_n_1 0 no - 1'd1 -
195 sdhost_card_detect_n_2 0 no - 1'd1 -
196 sdhost_card_write_prt_1 0 no - 1'd1 -
197 sdhost_card_write_prt_2 0 no - 1'd1 -
198 sdhost_card_int_n_1 0 no - 1'd1 -
199 sdhost_card_int_n_2 0 no - 1'd1 -
200 - - - - 1'd1 no
201 - - - - 1°d1 no
202 - - - - 1'd1 no
203 - - - - 1’a1 no
204 - - - - 1'd1 no
205 - - - - 1'd1 no
206 - - - - 1°d1 no
207 - - - - 1'd1 no
208 sig_in_func_208 0 no sig_in_func208 1’a1 no
209 sig_in_func_209 0 no sig_in_func209 1°d1 no
210 sig_in_func_210 0 no sig_in_func210 1'd1 no
211 sig_in_func_211 0 no sig_in_func211 1°d1 no
212 sig_in_func_212 0 no sig_in_func212 1°d1 no
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Signal . Default Dlrect. . Output enable signal when Direct .
No. Input Signal value Input via | Output Signal GPIO_FUNC/_OEN_SEL = 0 Output via
10 MUX 10 MUX
213 sdhost_cdata_in_20 1 no sdhost_cdata_out_20 sdhost_cdata_out_en_20 no
214 sdhost_cdata_in_21 1 no sdhost_cdata_out_21 sdhost_cdata_out_en_21 no
215 sdhost_cdata_in_22 1 no sdhost_cdata_out_22 sdhost_cdata_out_en_22 no
216 sdhost_cdata_in_23 1 no sdhost_cdata_out_23 sdhost_cdata_out_en_23 no
217 sdhost_cdata_in_24 1 no sdhost_cdata_out_24 sdhost_cdata_out_en_24 no
218 sdhost_cdata_in_25 1 no sdhost_cdata_out_25 sdhost_cdata_out_en_25 no
219 sdhost_cdata_in_26 1 no sdhost_cdata_out_26 sdhost_cdata_out_en_26 no
220 sdhost_cdata_in_27 1 no sdhost_cdata_out_27 sdhost_cdata_out_en_27 no
221 pro_alonegpio_in0 0 no pro_alonegpio_outO 1'd1 no
222 pro_alonegpio_in1 0 no pro_alonegpio_out1 1°d1 no
223 pro_alonegpio_in2 0 no pro_alonegpio_out2 1'd1 no
224 pro_alonegpio_in3 0 no pro_alonegpio_out3 1'd1 no
225 pro_alonegpio_in4 0 no pro_alonegpio_out4 1’d1 no
226 pro_alonegpio_in5 0 no pro_alonegpio_outb 1°a1 no
227 pro_alonegpio_in6 0 no pro_alonegpio_outt 1°d1 no
228 pro_alonegpio_in7 0 no pro_alonegpio_out7 1'd1 no
229 - - - - 1°d1 -
230 - - - - 1°d1 -
231 - - - - 1°d1 -
232 - - - - 1°d1 -
233 - - - - 1°d1 -
234 - - - - 1°d1 -
235 - - - - 1°d1 -
236 - - - - 1°d1 -
237 - - - - 1°d1 -
238 - - - - 1°d1 -
239 - - - - 1°d1 -
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Signal
No.

Input Signal

Default
value

Direct
Input via
10 MUX

Output Signal

Output enable signal when
GPIO_FUNCn_OEN_SEL =0

Direct
Output via
10 MUX

240

1°d1

241

1’d1

242

1°d1

243

1°d1

244

1°d1

245

1°d1

246

1°d1

247

1°d1

248

1’d1

249

1°d1

250

1°d1

251

usb_jtag_tdo_bridge

no

usb_jtag_trst

1°d1

no

252

Corel_gpio_in3

no

Core1_gpio_out3

1°d1

no

253

Corel_gpio_in4

no

Core1_gpio_out4

1’d1

no

254

Corel_gpio_in5

no

Core1_gpio_outb

1°d1

no

255

Corel_gpio_in6

o|lo|Oo|O|Oo

no

Corel_gpio_out6

1°d1

no

9
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6.12 10 MUX Function List

Table 6-3 shows the IO MUX functions of each GPIO pin.

Table 6-3. 10 MUX Pin Functions

GPIO| Pin Name Function 0 | Function1 | Function 2 | Function 3 | Function 4 | DRV, RST| Notes
0 GPIOO GPIOO GPIOO - - - 2 3 R
1 GPIO1 GPIO1 GPIO1 - - - 2 1 R
2 GPIO2 GPIO2 GPIO2 - - - 2 1 R
3 GPIOS3 GPIOS3 GPIOS3 - - - 2 1 R
4 GPIO4 GPIO4 GPIO4 - - - 2 0 R
5 GPIO5 GPIO5 GPIO5 - - - 2 0 R
6 GPIOB GPIO6 GPIO6 - - - 2 0 R
7 GPIO7 GPIO7 GPIO7 - - - 2 0 R
8 GPIOS8 GPIOS8 GPIOS8 - SUBSPICS1 | - 2 0 R
9 GPIO9 GPIO9 GPIO9 - SUBSPIHD | FSPIHD 2 1 R
10 GPIO10 GPIO10 GPIO10 FSPIIO4 SUBSPICSO0 | FSPICSO 2 1 R
11 GPIO11 GPIO11 GPIO11 FSPIIO5 SUBSPID FSPID 2 1 R
12 GPIO12 GPIO12 GPIO12 FSPIIO6 SUBSPICLK | FSPICLK 2 1 R
13 GPIO13 GPIO13 GPIO13 FSPIIO7 SUBSPIQ FSPIQ 2 1 R
14 GPIO14 GPIO14 GPIO14 FSPIDQS SUBSPIWP | FSPIWP 2 1 R
15 XTAL_32K_P | GPIO15 GPIO15 UORTS - - 2 0 R
16 XTAL_32K_N| GPIO16 GPIO16 UOCTS - - 2 0 R
17 GPIO17 GPIO17 GPIO17 U1TXD - - 2 1 R
18 GPIO18 GPIO18 GPIO18 U1RXD CLK_OUT3 | - 2 1 R
19 GPIO19 GPIO19 GPIO19 U1RTS CLK_OouT2 | - 3 0 R
20 GPI020 GPI020 GPIO20 U1CTS CLK_OUT1 | - 3 0 R
21 GPIO21 GPIO21 GPIO21 - - - 2 0 R
26 SPICST SPICST GPIO26 - - - 2 3 -
27 SPIHD SPIHD GPIO27 - - - 2 3
28 SPIWP SPIWP GPIO28 - - - 2 3 -
29 SPICSO SPICSO GPIO29 - - - 2 3 -
30 SPICLK SPICLK GPIO30 - - - 2 3 -
31 SPIQ SPIQ GPIO31 - - - 2 3 -
32 SPID SPID GPIO32 - - - 2 3 -
33 GPIO33 GPIO33 GPIO33 FSPIHD SUBSPIHD | SPIIO4 2 1 -
34 GPIO34 GPIO34 GPIO34 FSPICSO SUBSPICSO0 | SPIIO5 2 1 -
35 GPIO35 GPIO35 GPIO35 FSPID SUBSPID SPIIO6 2 1 -
36 GPIO36 GPIO36 GPIO36 FSPICLK SUBSPICLK | SPIIO7 2 1 -
37 GPIO37 GPIO37 GPIO37 FSPIQ SUBSPIQ SPIDQS 2 1 -
38 GPIO38 GPIO38 GPIO38 FSPIWP SUBSPIWP | - 2 1 -
39 MTCK MTCK GPIO39 CLK_OUTS | SUBSPICST | - 2 1* -
40 MTDO MTDO GPIO40 CLK_OUT2 | - - 2 1 -
41 MTDI MTDI GPIO41 CLK_OUTT | - - 2 1 -
42 MTMS MTMS GPI042 - - - 2 1 -
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GPIO| Pin Name Function 0 | Function1 | Function 2 | Function 3 | Function4 | DRV| RST| Notes
43 UOTXD UOTXD GPIO43 CLK_OUTT | - - 2 4 -
44 UORXD UORXD GPIO44 CLK_ouT2 | - - 2 3 -
45 GPIO45 GPIO45 GPIO45 - - - 2 2 -
46 GPI046 GPIO46 GPIO46 - - - 2 2 -
47 SPICLK_P SPICLK_P_DIFF&PIO47 SUBSPIOLK P_DIFF | = - 2 1 -
48 SPICLK_N SPICLK_N_DIFEBPIO48 SUBSPICLK N_DIFF | - - 2 1 -
Drive Strength

“DRV” column shows the drive strength of each pin after reset:

e 0 - Drive current = ~5 mA

e 1 - Drive current = ~10 mA

e 2 - Drive current = ~20 mA

e 3 - Drive current = ~40 mA

Reset Configurations

“RST” column shows the default configuration of each pin after reset:

e 0 - IE =0 (input disabled)

1-1E =1 (input enabled)

2-1E=1,WPD =1 (input enabled, pull-down resistor enabled)
3-IE=1, WPU =1 (input enabled, pull-up resistor enabled)

4 - OE =1, WPU = 1 (output enabled, pull-up resistor enabled)

1* - If EFUSE_DIS_PAD_JTAG = 1, the pin MTCK is left floating after reset, i.e. IE=1. If

EFUSE_DIS_PAD_JTAG = 0, the pin MTCK is connected to internal pull-up resistor, i.e. IE=1, WPU = 1.

Note:

* R - Pin has RTC/analog functions via RTC IO MUX.

Please refer to Appendix A — ESP32-S3 Pin Lists in ESP32-S3 Datasheet for more details.

6.13 RTC IO MUX Pin List

Table 6-4 shows the RTC pins, their corresponding GPIO pins and RTC functions.

Table 6-4. RTC Functions of RTC I0 MUX Pins

RTC Function
RTC GPIO Num GPIO Num | Pin Name
0 12 3
0 0 GPIOO RTC_GPIOO | - | - | sar_i2c_scl_0?
1 1 GPIOA RTC_GPIO1 - | - | sar_i2c_sda_02
2 2 GPIO2 RTC_GPIO2 | - | - | sar_i2c_scl_12
3 3 GPIO3 RTC_GPIO3 | - | - | sar_i2c_sda_12
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Table 6-4 — cont’d from previous page

RTC GPIO Num GPIO Num | Pin Name RTC Function

0 1]2 3
4 4 GPIO4 RTC_GPIO4 | - | - !
5 5 GPIOS RTC_GPIO5 | - | - i
6 6 GPIO6 RTC_GPIO6 | - | - i
7 7 GPIO7 RTC_GPIO7 | - | - i
8 8 GPIOS RTC GPIOS | - | - ;
9 9 GPIO9 RTC_GPIO9 | - | - i
10 10 GPIO10 RTC_GPIO10 | - | - i
11 11 GPIOA 1 RTC_GPIOT1 | - | - i
12 12 GPIO12 RTC_GPIO12 | - | - i
13 13 GPIO13 RTC GPIO13 | - | - i
14 14 GPIO14 RTC_GPIO14 | - | - i
15 15 XTAL 32K P | RTC_GPIO15 | - | - i
16 16 XTAL 32K N | RTC_GPIO16 | - | - i
17 17 GPIO17 RTC_GPIO17 | - | - i
18 18 GPIO18 RTC GPIO18 | - | - i
19 19 GPIO19 RTC_GPIO19 | - | - i
20 20 GPIO20 RTC_GPIO20 | - | - i
21 21 GPIO21 RTC_GPIO21 | - | - i

@ For more information on the configuration of sar_i2c_xx, see Section RTC 12C Controller in
Chapter 2 ULP Coprocessor (ULP-FSM, ULP-RISC-V).

Table 6-5 shows the RTC pins, their corresponding GPIO pins and analog functions.

Table 6-5. Analog Functions of RTC IO MUX Pins

. Analog Function
RTC GPIO Num GPIO Num | Pin Name 0 ]
0 0 GPIOO - -
1 1 GPIO1 TOUCHT1 ADC1_CHO
2 2 GPIO2 TOUCH2 ADC1_CHA1
3 3 GPIO3 TOUCHS3 ADC1_CH2
4 4 GPIO4 TOUCH4 ADC1_CH3
5 5 GPIO5 TOUCH5 ADC1_CH4
6 6 GPIO6 TOUCH®6 ADC1_CH5
7 7 GPIO7 TOUCH?7 ADC1_CH®6
8 8 GPIOS8 TOUCHS ADC1_CH7
9 9 GPIO9 TOUCH9 ADC1_CH8
10 10 GPIO10 TOUCH10 | ADC1_CH9
11 11 GPIO11 TOUCH11 ADC2_CHO
12 12 GPIO12 TOUCH12 | ADC2_CH1
13 13 GPIO13 TOUCH13 | ADC2_CH2
14 14 GPIO14 TOUCH14 | ADC2_CHS3
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RTC GPIO Num GPIO Num | Pin Name A;)nalog Functio:l

15 15 XTAL_32K_P | XTAL_32K_P | ADC2_CH4
16 16 XTAL_32K_N | XTAL_32K_N | ADC2_CH5
17 17 GPIO17 - ADC2_CH®6
18 18 GPIO18 - ADC2_CH7
19 19 GPIO19 USB_D- ADC2_CH8
20 20 GPI020 USB_D+ ADC2_CH9
21 21 GPIO21 - -

6.14 Register Summary

6.14.1

GPIO Matrix Register Summary

The addresses in this section are relative to the GPIO base address provided in Table 4-3 in Chapter 4 System

and Memory.

The abbreviations given in Column Access are explained in Section Access Types for Registers.

Name Description Address | Access
GPIO Configuration Registers
GPIO_BT_SELECT_REG GPIO bit select register 0x0000 | R/W
GPIO_OUT_REG GPIOQ ~ 31 output register 0x0004 | R/W
GPIO_OUT_W1TS_REG GPIO0 ~ 31 output bit set register 0x0008 | WO
GPIO_OUT_WATC_REG GPIOO ~ 31 output bit clear register 0x000C | WO
GPIO_OUT1_REG GPIO32 ~ 48 output register 0x0010 | R/W
GPIO_OUT1_WITS_REG GPIO32 ~ 48 output bit set register 0x0014 | WO
GPIO_OUT1_WI1TC_REG GPIO32 ~ 48 output bit clear register 0x0018 | WO
GPIO_SDIO_SELECT_REG GPIO SDIO selection register 0x001C | R/W
GPIO_ENABLE_REG GPIOO ~ 31 output enable register 0x0020 | R/W
GPIO_ENABLE_W1TS_REG GPIOO ~ 31 output enable bit set register 0x0024 | WO
GPIO_ENABLE_W1TC_REG GPIOO ~ 31 output enable bit clear register 0x0028 | WO
GPIO_ENABLE1_REG GPIO32 ~ 48 output enable register 0x002C | R/'W
GPIO_ENABLE1_WI1TS_REG GPIO32 ~ 48 output enable bit set register 0x0030 | WO
GPIO_ENABLE1_WI1TC_REG GPIO32 ~ 48 output enable bit clear register 0x0034 | WO
GPIO_STRAP_REG Strapping pin value register 0x0038 | RO
GPIO_IN_REG GPIOO0 ~ 31 input register 0x003C | RO
GPIO_IN1_REG GPIO32 ~ 48 input register 0x0040 | RO
GPIO_PINO_REG Configuration for GPIO pin O 0x0074 | R/W
GPIO_PIN1_REG Configuration for GPIO pin 1 0x0078 | R/W
GPIO_PIN2_REG Configuration for GPIO pin 2 0x007C | R/W
GPIO_PIN46_REG Configuration for GPIO pin 46 0x012C | R/W
GPIO_PIN47_REG Configuration for GPIO pin 47 0x0130 | R/W
GPIO_PIN48_REG Configuration for GPIO pin 48 0x0134 | R/'W
GPIO_FUNCO_IN_SEL_CFG_REG Peripheral function O input selection register 0x0154 | R/W
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Name Description Address | Access
GPIO_FUNCA1_IN_SEL_CFG_REG Peripheral function 1 input selection register 0x0158 | R/'W
GPIO_FUNC2_IN_SEL_CFG_REG Peripheral function 2 input selection register 0x015C | R/W
GPIO_FUNC253_IN_SEL_CFG_REG Peripheral function 253 input selection register 0x0548 | R/W
GPIO_FUNC254_IN_SEL_CFG_REG Peripheral function 254 input selection register 0x054C | R/'W
GPIO_FUNC255_IN_SEL_CFG_REG Peripheral function 255 input selection register | Ox0550 | R/W
GPIO_FUNCO_OUT_SEL_CFG_REG Peripheral output selection for GPIO0 0x0554 | R/W
GPIO_FUNC1_OUT_SEL_CFG_REG Peripheral output selection for GPIO1 0x0558 | R/W
GPIO_FUNC2_OUT_SEL_CFG_REG Peripheral output selection for GPIO2 0x055C | R/'W
GPIO_FUNC47_OUT_SEL_CFG_REG Peripheral output selection for GPIO47 0x0610 | R/W
GPIO_FUNC48_OUT_SEL_CFG_REG Peripheral output selection for GPIO47 0x0614 | R/W
GPIO_CLOCK_GATE_REG GPIO clock gating register 0x062C | R/W
Interrupt Status Registers
GPIO_STATUS_REG GPIOO ~ 31 interrupt status register 0x0044 | R/W
GPIO_STATUS1_REG GPIO32 ~ 48 interrupt status register 0x0050 | R/'W
GPIO_CPU_INT_REG GPIOO ~ 31 CPU interrupt status register 0x005C | RO
GPIO_CPU_NMI_INT_REG GPIOO ~ 31 CPU non-maskable interrupt status | 0x0060 | RO

register
GPIO_CPU_INT1_REG GPIO32 ~ 48 CPU interrupt status register 0x0068 | RO
GPIO_CPU_NMI_INT1_REG GPIO32 ~ 48 CPU non-maskable interrupt sta- | 0x006C | RO
tus register
Interrupt Configuration Registers
GPIO_STATUS_WA1TS_REG GPIOO0 ~ 31 interrupt status bit set register 0x0048 | WO
GPIO_STATUS_W1TC_REG GPIOO ~ 31 interrupt status bit clear register 0x004C | WO
GPIO_STATUS1_WI1TS_REG GPIO32 ~ 48 interrupt status bit set register 0x0054 | WO
GPIO_STATUS1_WI1TC_REG GPIO32 ~ 48 interrupt status bit clear register 0x0058 | WO
GPIO Interrupt Source Registers
GPIO_STATUS_NEXT_REG GPIOO ~ 31 interrupt source register 0x014C | RO
GPIO_STATUS_NEXT1_REG GPIO32 ~ 48 interrupt source register 0x0150 | RO
Version Register
GPIO_DATE_REG ‘ Version control register Ox06FC | R/W

6.14.2

10 MUX Register Summary

The addresses in this section are relative to the IO MUX base address provided in Table 4-3 in Chapter 4 System
and Memory.

The abbreviations given in Column Access are explained in Section Access Types for Registers.

Name Description Address Access
IO_MUX_PIN_CTRL_REG Clock output configuration register 0x0000 R/W
IO_MUX_GPIOO_REG Configuration register for pin GPIOO 0x0004 R/W
IO_MUX_GPIO1_REG Configuration register for pin GPIO1 0x0008 R/W
IO_MUX_GPIO2_REG Configuration register for pin GPIO2 0x000C R/W
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Name Description Address Access
IO_MUX_GPIO3_REG Configuration register for pin GPIO3 0x0010 R/W
IO_MUX_GPIO4_REG Configuration register for pin GPIO4 0x0014 R/W
IO_MUX_GPIO5_REG Configuration register for pin GPIO5 0x0018 R/W
IO_MUX_GPIO6_REG Configuration register for pin GPIO6 0x001C R/W
IO_MUX_GPIO7_REG Configuration register for pin GPIO7 0x0020 R/W
IO_MUX_GPIO8_REG Configuration register for pin GPIO8 0x0024 R/W
IO_MUX_GPIO9_REG Configuration register for pin GPIO9 0x0028 R/W
IO_MUX_GPIO10_REG Configuration register for pin GPIO10 0x002C R/W
IO_MUX_GPIO11_REG Configuration register for pin GPIO11 0x0030 R/W
IO_MUX_GPIO12_REG Configuration register for pin GPIO12 0x0034 R/W
IO_MUX_GPIO13_REG Configuration register for pin GPIO13 0x0038 R/W
IO_MUX_GPIO14_REG Configuration register for pin GPIO14 0x003C R/W
IO_MUX_GPIO15_REG Configuration register for pad XTAL_32K_P 0x0040 R/W
IO_MUX_GPIO16_REG Configuration register for pad XTAL_32K_N 0x0044 R/W
IO_MUX_GPIO17_REG Configuration register for pad DAC_1 0x0048 R/W
IO_MUX_GPIO18_REG Configuration register for pad DAC_2 0x004C R/W
IO_MUX_GPIO19_REG Configuration register for pin GPIO19 0x0050 R/W
IO_MUX_GPIO20_REG Configuration register for pin GPIO20 0x0054 R/W
IO_MUX_GPIO21_REG Configuration register for pin GPIO21 0x0058 R/W
IO_MUX_GPIO26_REG Configuration register for pad SPICS1 0x006C R/W
IO_MUX_GPIO27_REG Configuration register for pad SPIHD 0x0070 R/W
IO_MUX_GPIO28_REG Configuration register for pad SPIWP 0x0074 R/W
IO_MUX_GPIO29_REG Configuration register for pad SPICS0 0x0078 R/W
IO_MUX_GPIO30_REG Configuration register for pad SPICLK 0x007C R/W
IO_MUX_GPIO31_REG Configuration register for pad SPIQ 0x0080 R/W
IO_MUX_GPIO32_REG Configuration register for pad SPID 0x0084 R/W
IO_MUX_GPIO33_REG Configuration register for pin GPIO33 0x0088 R/W
IO_MUX_GPIO34_REG Configuration register for pin GPIO34 0x008C R/W
IO_MUX_GPIO35_REG Configuration register for pin GPIO35 0x0090 R/W
IO_MUX_GPIO36_REG Configuration register for pin GPIO36 0x0094 R/W
IO_MUX_GPIO37_REG Configuration register for pin GPIO37 0x0098 R/W
IO_MUX_GPIO38_REG Configuration register for pin GPIO38 0x009C R/W
IO_MUX_GPIO39_REG Configuration register for pad MTCK 0x00AO0 R/W
IO_MUX_GPIO40_REG Configuration register for pad MTDO 0x00A4 R/W
IO_MUX_GPIO41_REG Configuration register for pad MTDI Ox00A8 R/W
IO_MUX_GPIO42_REG Configuration register for pad MTMS 0Ox00AC R/W
IO_MUX_GPIO43_REG Configuration register for pad UOTXD 0x00BO R/W
IO_MUX_GPIO44_REG Configuration register for pad UORXD 0x00B4 R/W
IO_MUX_GPIO45_REG Configuration register for pin GPIO45 0x00B8 R/W
IO_MUX_GPIO46_REG Configuration register for pin GPIO46 0x00BC R/W
IO_MUX_GPIO47_REG Configuration register for pin GPIO47 0x00CO0 R/W
IO_MUX_GPIO48_REG Configuration register for pin GPIO48 0x00C4 R/W

Espressif Systems

483
Submit Documentation Feedback

ESP32-S3 TRM (Version 1.2)



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.2

6 10 MUX and GPIO Matrix (GPIO, 10 MUX)

GoBack

6.14.3 SDM Output Register Summary

The addresses in this section are relative to (GPIO base address provided in Table 4-3 in Chapter 4 System and

Memory + 0xOFQ0).

The abbreviations given in Column Access are explained in Section Access Types for Registers.

Name Description Address | Access
Configuration Registers

GPIO_SIGMADELTAO_REG Duty Cycle Configure Register of SDMO 0x0000 | R/W
GPIO_SIGMADELTA1_REG Duty Cycle Configure Register of SDM1 0x0004 | R/W
GPIO_SIGMADELTA2_REG Duty Cycle Configure Register of SDM2 0x0008 | R/W
GPIO_SIGMADELTA3_REG Duty Cycle Configure Register of SDM3 0x000C | R/W
GPIO_SIGMADELTA4_REG Duty Cycle Configure Register of SDM4 0x0010 | R/W
GPIO_SIGMADELTA5_REG Duty Cycle Configure Register of SDM5 0x0014 | R/W
GPIO_SIGMADELTAG_REG Duty Cycle Configure Register of SDM6 0x0018 | R/W
GPIO_SIGMADELTA7_REG Duty Cycle Configure Register of SDM7 0x001C | R/W
GPIO_SIGMADELTA_CG_REG Clock Gating Configure Register 0x0020 | R/W
GPIO_SIGMADELTA_MISC_REG MISC Register 0x0024 | R/W
GPIO_SIGMADELTA_VERSION_REG Version Control Register 0x0028 | R/W

6.14.4 RTC IO MUX Register Summary

The addresses in this section are relative to (Low-Power Management base address provided in Table 4-3 in

Chapter 4 System and Memory + 0x0400).

The abbreviations given in Column Access are explained in Section Access Types for Registers.

Name ‘ Description Address | Access
GPIO configuration/data registers
RTC_GPIO_OUT_REG RTC GPIO output register 0x0000 | R/W
RTC_GPIO_OUT_WI1TS_REG RTC GPIO output bit set register 0x0004 | WO
RTC_GPIO_OUT_WI1TC_REG RTC GPIO output bit clear register 0x0008 | WO
RTC_GPIO_ENABLE_REG RTC GPIO output enable register 0x000C | R/W
RTC_GPIO_ENABLE_W1TS_REG RTC GPIO output enable bit set register 0x0010 | WO
RTC_GPIO_ENABLE_W1TC_REG RTC GPIO output enable bit clear register 0x0014 | WO
RTC_GPIO_STATUS_REG RTC GPIO interrupt status register 0x0018 | R/W
RTC_GPIO_STATUS_W1TS_REG RTC GPIO interrupt status bit set register 0x001C | WO
RTC_GPIO_STATUS_WA1TC_REG RTC GPIO interrupt status bit clear register 0x0020 | WO
RTC_GPIO_IN_REG RTC GPIO input register 0x0024 | RO
RTC_GPIO_PINO_REG RTC configuration for pin O 0x0028 | R/W
RTC_GPIO_PIN1_REG RTC configuration for pin 1 0x002C | R/W
RTC_GPIO_PIN2_REG RTC configuration for pin 2 0x0030 | R/W
RTC_GPIO_PIN3_REG RTC configuration for pin 3 0x0034 | R/W
RTC_GPIO_PIN4_REG RTC configuration for pin 4 0x0038 | R/W
RTC_GPIO_PIN5_REG RTC configuration for pin 5 0x003C | R/W
RTC_GPIO_PIN6_REG RTC configuration for pin 6 0x0040 | R/W
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Name Description Address | Access
RTC_GPIO_PIN7_REG RTC configuration for pin 7 0x0044 | R/W
RTC_GPIO_PIN8_REG RTC configuration for pin 8 0x0048 | R/W
RTC_GPIO_PIN9_REG RTC configuration for pin 9 0x004C | R/W
RTC_GPIO_PIN10_REG RTC configuration for pin 10 0x0050 | R/'W
RTC_GPIO_PIN11_REG RTC configuration for pin 11 0x0054 | R/W
RTC_GPIO_PIN12_REG RTC configuration for pin 12 0x0058 | R/W
RTC_GPIO_PIN13_REG RTC configuration for pin 13 0x005C | R/W
RTC_GPIO_PIN14_REG RTC configuration for pin 14 0x0060 | R/W
RTC_GPIO_PIN15_REG RTC configuration for pin 15 0x0064 | R/W
RTC_GPIO_PIN16_REG RTC configuration for pin 16 0x0068 | R/W
RTC_GPIO_PIN17_REG RTC configuration for pin 17 0x006C | R/W
RTC_GPIO_PIN18_REG RTC configuration for pin 18 0x0070 | R/W
RTC_GPIO_PIN19_REG RTC configuration for pin 19 0x0074 | R/W
RTC_GPIO_PIN20_REG RTC configuration for pin 20 0x0078 | R/W
RTC_GPIO_PIN21_REG RTC configuration for pin 21 0x007C | R/W
GPIO RTC function configuration registers

RTC_IO_TOUCH_PADO_REG Touch pin O configuration register 0x0084 | R/W
RTC_IO_TOUCH_PAD1_REG Touch pin 1 configuration register 0x0088 | R/W
RTC_IO_TOUCH_PAD2_REG Touch pin 2 configuration register 0x008C | R/W
RTC_IO_TOUCH_PAD3_REG Touch pin 3 configuration register 0x0090 | R/W
RTC_IO_TOUCH_PAD4_REG Touch pin 4 configuration register 0x0094 | R/W
RTC_IO_TOUCH_PAD5_REG Touch pin 5 configuration register 0x0098 | R/W
RTC_IO_TOUCH_PAD6_REG Touch pin 6 configuration register 0x009C | R/W
RTC_IO_TOUCH_PAD7_REG Touch pin 7 configuration register Ox00A0 | R/W
RTC_IO_TOUCH_PAD8_REG Touch pin 8 configuration register 0x00A4 | R/W
RTC_IO_TOUCH_PAD9_REG Touch pin 9 configuration register Ox00A8 | R/W
RTC_IO_TOUCH_PAD10_REG Touch pin 10 configuration register Ox00AC | R/W
RTC_IO_TOUCH_PAD11_REG Touch pin 11 configuration register 0x00BO | R/W
RTC_IO_TOUCH_PAD12_REG Touch pin 12 configuration register 0x00B4 | R/W
RTC_IO_TOUCH_PAD13_REG Touch pin 13 configuration register 0x00B8 | R/W
RTC_IO_TOUCH_PAD14_REG Touch pin 14 configuration register 0x00BC | R/W
RTC_IO_XTAL_32P_PAD_REG 32 kHz crystal P-pin configuration register 0x00C0O | R/W
RTC_IO_XTAL_32N_PAD_REG 32 kHz crystal N-pin configuration register 0x00C4 | R/W
RTC_IO_RTC_PAD17_REG RTC pin 17 configuration register 0x00C8 | R/W
RTC_IO_RTC_PAD18_REG RTC pin 18 configuration register 0x00CC | R/'W
RTC_IO_RTC_PAD19_REG RTC pin 19 configuration register 0x00D0 | R/W
RTC_IO_RTC_PAD20_REG RTC pin 20 configuration register 0x00D4 | R/W
RTC_IO_RTC_PAD21_REG RTC pin 21 configuration register Ox00D8 | R/W
RTC_IO_XTL_EXT_CTR_REG Crystal power down enable GPIO source Ox00EO | R/W
RTC_IO_SAR_I2C_IO_REG RTC 12C pin selection Ox00E4 | R/W
Version Register

RTC_IO_DATE_REG Version control register Ox01FC | R/W

Espressif Systems

485

Submit Documentation Feedback

ESP32-S3 TRM (Version 1.2)



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.2

6 10 MUX and GPIO Matrix (GPIO, 10 MUX) GoBack

6.15 Registers

6.15.1 GPIO Matrix Registers

The addresses in this section are relative to the GPIO base address provided in Table 4-3 in Chapter 4 System

and Memory.

Register 6.1. GPIO_BT_SELECT_REG (0x0000)

E 3

‘ 0x000000 \ Reset

GPIO_BT_SEL Reserved (R/W)

Register 6.2. GPIO_OUT_REG (0x0004)

O®®
&
\s& 7
5
E ]
\ 0x000000 \ Reset

GPIO_OUT_DATA_ORIG GPIOO0 ~ 21 and GPIO26 ~ 31 output values in simple GPIO output mode.
The values of bitO ~ bit21 correspond to the output values of GPIOO ~ 21, and bit26 ~ bit31 to
GPIO26 ~ 31. Bit22 ~ bit25 are invalid. (R/W)

Register 6.3. GPIO_OUT_W1TS_REG (0x0008)

E ]

‘ 0x000000 \ Reset

GPIO_OUT_WITS GPIOO ~ 31 output set register. If the value 1 is written to a bit here, the corre-
sponding bit in GPIO_OUT_REG will be set to 1. Recommended operation: use this register to set
GPIO_OUT_REG. (WO)
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Register 6.4. GPIO_OUT_W1TC_REG (0x000C)

E ]

‘ 0x000000 \ Reset

GPIO_OUT_WITC GPIOO ~ 31 output clear register. If the value 1 is written to a bit here, the cor-
responding bit in GPIO_OUT_REG will be cleared. Recommended operation: use this register to
clear GPIO_OUT_REG. (WO)

Register 6.5. GPIO_OUT1_REG (0x0010)

OQBQ
&
S OS\/
@f &
> T ]
\o 0 000 0 0 0 O o| 0X0000 \Reset

GPIO_OUT1_DATA_ORIG GPIO32 ~ 48 output value in simple GPIO output mode. The values of
bit0 ~ bit16 correspond to GPIO32 ~ GPIO48. Bit17 ~ bit21 are invalid. (R/W)

Register 6.6. GPIO_OUT1_W1TS_REG (0x0014)

’6%
(@é\ 09\§\/
%) N
& &
‘31 22|21 0‘
\o 0 0000 0 0 O o| 0x0000 \Reset

GPIO_OUT1_WITS GPIO32 ~ 48 output value set register. If the value 1 is written to a bit here, the
corresponding bit in GPIO_OUT1_REG will be set to 1. Recommended operation: use this register
to set GPIO_OUT1_REG. (WO)
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Register 6.7. GPIO_OUT1_W1TC_REG (0x0018)

O
&
N7
(@& 0\3&
% O7
& &
‘31 22|21 0‘
‘O 0 0 0 0 0 0O 0o 0 o 0x0000 ‘Reset

GPIO_OUT1_WITC GPIO32 ~ 48 output value clear register. If the value 1 is written to a bit here, the
corresponding bit in GPIO_OUT1_REG will be cleared. Recommended operation: use this register
to clear GPIO_OUT1_REG. (WO)

Register 6.8. GPIO_SDIO_SELECT_REG (0x001C)

?Q}/
& Q?Q\o
& &

\oooooooooooooooooooooooo 0x0 \Reset

GPIO_SDIO_SEL Reserved (R/W)

Register 6.9. GPIO_ENABLE_REG (0x0020)
O\ssv
\(5//
&
s

‘31 0‘
‘ 0x000000 \ Reset

GPIO_ENABLE_DATA GPIO0~31 output enable register. (R/W)
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Register 6.10. GPIO_ENABLE_W1TS_REG (0x0024)

<
N
<
©
&
‘ 31 0 ‘
‘ 0x000000 \ Reset

GPIO_ENABLE_W1TS GPIOO0 ~ 31 output enable set register. If the value 1 is written to a bit here,
the corresponding bit in GPIO_ENABLE_REG will be set to 1. Recommended operation: use this
register to set GPIO_ENABLE_REG. (WO)

Register 6.11. GPIO_ENABLE_W1TC_REG (0x0028)

,&O
N
<
©
&
‘ 31 0 ‘
‘ 0x000000 \ Reset

GPIO_ENABLE_W1TC GPIOO ~ 31 output enable clear register. If the value 1 is written to a bit here,
the corresponding bit in GPIO_ENABLE_REG will be cleared. Recommended operation: use this
register to clear GPIO_ENABLE_REG. (WO)

Register 6.12. GPIO_ENABLE1_REG (0x002C)

é?
& ’
& &
‘ 31 22|21 0 ‘
\o 0000 OO0 OO0 O 0x0000 \Reset
GPIO_ENABLE1_DATA GPIO32 ~ 48 output enable register. (R/W)
Espressif Systems 489 ESP32-S3 TRM (Version 1.2)

Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.2

6 10 MUX and GPIO Matrix (GPIO, 10 MUX) GoBack

Register 6.13. GPIO_ENABLE1_W1TS_REG (0x0030)
<0

&

Q)& v

é

& ;O
& &

‘31 22|21 0‘

7

\o 0 0000 0 Q0 O o| 0x0000 \Reset

GPIO_ENABLE1_W1TS GPIO32 ~ 48 output enable set register. If the value 1 is written to a bit here,
the corresponding bit in GPIO_ENABLE1_REG will be set to 1. Recommended operation: use this
register to set GPIO_ENABLE1_REG. (WO)

Register 6.14. GPIO_ENABLE1_W1TC_REG (0x0034)

&
Q;\/
QJ\/
> ¥
%Q)é@ \O/
N &

‘31 22|21 0‘
\o 0 0000 0 Q0 O o| 0x0000 \Reset

GPIO_ENABLE1_W1TC GPIO32 ~ 48 output enable clear register. If the value 1 is written to a bit
here, the corresponding bit in GPIO_ENABLE1_REG will be cleared. Recommended operation:
use this register to clear GPIO_ENABLE1_REG. (WO)

Register 6.15. GPIO_STRAP_REG (0x0038)

QQ\&
& o
& &
‘ 31 16 | 15 0 ‘
‘ o o o o o o o o o o o o o o o o 0 ‘ Reset

GPIO_STRAPPING GPIO strapping values: bit5 ~ bit2 correspond to stripping pins GPIO3, GPIO45,
GPIOO0, and GPIO46 respectively. (RO)
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Register 6.16. GPIO_IN_REG (0x003C)

E 3

‘ 0 ‘ Reset

GPIO_IN_DATA_NEXT GPIOQ ~ 31 input value. Each bit represents a pin input value, 1 for high level
and 0O for low level. (RO)

Register 6.17. GPIO_IN1_REG (0x0040)

I N
Q A

Q)%QJQ\ \O 7/

AN

‘31 22|21 0‘

\oooooooooo 0 \Reset

GPIO_IN_DATA1_NEXT GPIO32 ~ 48 input value. Each bit represents a pin input value. (RO)
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Register 6.18. GPIO_PIN/_REG (: 0-48) (0x0074+0x4*")

\oooooooooooooo 0x0 0x0 |0 OxOOOOxOOOxO‘Reset

GPIO_PINn_SYNC2_BYPASS For the second stage synchronization, GPIO input data can be syn-
chronized on either edge of the APB clock. O: no synchronization; 1: synchronized on falling edge;
2 and 3: synchronized on rising edge. (R/W)

GPIO_PINn_PAD_DRIVER Pin driver selection. 0: normal output; 1: open drain output. (R/W)

GPIO_PINn_SYNC1_BYPASS For the first stage synchronization, GPIO input data can be synchro-
nized on either edge of the APB clock. 0: no synchronization; 1: synchronized on falling edge; 2
and 3: synchronized on rising edge. (R/W)

GPIO_PINA_INT_TYPE Interrupt type selection. 0: GPIO interrupt disabled; 1: rising edge trigger; 2:
falling edge trigger; 3: any edge trigger; 4: low level trigger; 5: high level trigger. (R/W)

GPIO_PINn_WAKEUP_ENABLE GPIO wake-up enable bit, only wakes up the CPU from Light-sleep.
RW)

GPIO_PINn_CONFIG Reserved (R/W)

GPIO_PINA_INT_ENA Interrupt enable bits. bit13: CPU interrupt enabled; bit14: CPU non-maskable
interrupt enabled. (R/W)

Register 6.19. GPIO_FUNCy_IN_SEL_CFG_REG (y: 0-255) (0x0154+0x4*))

GPIO_FUNCy_IN_SEL Selection control for peripheral input signal Y, selects a pin from the 48 GPIO
matrix pins to connect this input signal. Or selects 0x38 for a constantly high input or 0x3C for a
constantly low input. (R/W)

GPIO_FUNCy_IN_INV_SEL 1: Invert the input value; 0: Do not invert the input value. (R/W)

GPIO_SIGy_IN_SEL Bypass GPIO matrix. 1: route signals via GPIO matrix, O: connect signals directly
to peripheral configured in 10 MUX. (R/W)
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Register 6.20. GPIO_FUNCx_OUT_SEL_CFG_REG (x: 0-48) (0x0554+0x4*x)

o
%ijiS%A? &?Q/
FEe 9
& S N
@& Q\OC%\OQ\O éz\O/
E oo ]
\oooooooooooooooooooo|o|o|o| 0x100 \Reset

GPIO_FUNCx_OUT_SEL Selection control for GPIO output X. If a value Y (0<=Y<256) is writ-
ten to this field, the peripheral output signal Y will be connected to GPIO output X.
If a value 256 is written to this field, bit X of GPIO_OUT_REG/GPIO_OUT1_REG and
GPIO_ENABLE_REG/GPIO_ENABLE1_REG will be selected as the output value and output en-
able. (R/W)

GPIO_FUNCx_OUT_INV_SEL 0: Do not invert the output value; 1: Invert the output value. (R/W)

GPIO_FUNCx_OEN_SEL 0: Use output enable signal from peripheral; 1: Force the output enable
signal to be sourced from GPIO_ENABLE_REGI[x]. (R/W)

GPIO_FUNCH_OEN_INV_SEL 0: Do not invert the output enable signal; 1: Invert the output enable
signal. (R/W)

Register 6.21. GPIO_CLOCK_GATE_REG (0x062C)

GPIO_CLK_EN Clock gating enable bit. If set to 1, the clock is free running. (R/W)

Register 6.22. GPIO_STATUS_REG (0x0044)

2N
S
&
»
O
é\é\
&
‘ 31 0 ‘
‘ 0x000000 \ Reset

GPIO_STATUS_INTERRUPT GPIOOQ ~ 31 interrupt status register. (R/W)
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Register 6.23. GPIO_STATUS1_REG (0x0050)

A
Q
@‘*0
2
» &
& &°
\o 00 0 00 O0O0 0 0 0x0000 \Reset
GPIO_STATUS1_INTERRUPT GPIO32 ~ 48 interrupt status register. (R/W)
Register 6.24. GPIO_CPU_INT_REG (0x005C)
W
&
s

B |
‘ 0x000000 \ Reset

GPIO_CPU_INT GPIOO0 ~ 31 CPU interrupt status. This interrupt status is corresponding to the bit in
GPIO_STATUS_REG when assert (high) enable signal (bit13 of GPIO_PINn_REG). (RO)

Register 6.25. GPIO_CPU_NMI_INT_REG (0x0060)

E ]

‘ 0x000000 \ Reset

GPIO_CPU_NMI_INT GPIOO ~ 31 CPU non-maskable interrupt status. This interrupt status is
corresponding to the bit in GPIO_STATUS_REG when assert (high) enable signal (bit 14 of
GPIO_PINn_REG). (RO)
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Register 6.26. GPIO_CPU_INT1_REG (0x0068)

S
N7
& &>
% O7
& &
‘31 22|21 0‘
‘O o 0 0 0 0 0 O 0 © 0x0000 ‘Reset

GPIO_CPU1_INT GPIO32 ~ 48 CPU interrupt status. This interrupt status is corresponding to the bit
in GPIO_STATUS1_REG when assert (high) enable signal (bit 13 of GPIO_PINn_REG). (RO)

Register 6.27. GPIO_CPU_NMI_INT1_REG (0x006C)

S
N7
&
NY
e"’& §
% O7
& &
‘31 22|21 0‘
\o 00 0 00O 0O 0O 0 O 0x0000 \Reset

GPIO_CPU_NMI1_INT GPIO32 ~ 48 CPU non-maskable interrupt status. This interrupt status
is corresponding to bit in GPIO_STATUS1_REG when assert (high) enable signal (bit 14 of
GPIO_PINn_REG). (RO)

Register 6.28. GPIO_STATUS_W1TS_REG (0x0048)

<
O sX\
<
8
‘ 31 0 ‘
‘ 0x000000 \ Reset

GPIO_STATUS_W1TS GPIOO ~ 31 interrupt status set register. If the value 1 is written to a bit here,
the corresponding bit in GPIO_STATUS_INTERRUPT will be set to 1. Recommended operation:
use this register to set GPIO_STATUS_INTERRUPT. (WO)
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Register 6.29. GPIO_STATUS_W1TC_REG (0x004C)

O
«
N
=
&
o?/\
N
&

E ]

‘ 0x000000 \ Reset

GPIO_STATUS_W1TC GPIOO0 ~ 31 interrupt status clear register. If the value 1 is written to a bit here,
the corresponding bit in GPIO_STATUS_INTERRUPT will be cleared. Recommended operation:
use this register to clear GPIO_STATUS_INTERRUPT. (WO)

Register 6.30. GPIO_STATUS1_W1TS_REG (0x0054)

&
N7
N
S &%
o z
& ;O
& &

‘ 31 22|21 0 ‘
‘ O 0 o o o o o o o o 0x0000 ‘Reset

GPIO_STATUS1_WITS GPIO32 ~ 48 interrupt status set register. If the value 1 is written to a bit here,
the corresponding bit in GPIO_STATUS1_REG will be set to 1. Recommended operation: use this
register to set GPIO_STATUS1_REG. (WO)

Register 6.31. GPIO_STATUS1_W1TC_REG (0x0058)

o
N
N7
i
é@& &Y
% O7
& &

‘ 31 22|21 0 ‘
‘ o 0o 0 0O 0O 0O o o o0 o 0x0000 ‘Reset

GPIO_STATUS1_WITC GPIO32 ~ 48 interrupt status clear register. If the value 1 is written to a bit
here, the corresponding bit in GPIO_STATUS1_REG will be cleared. Recommended operation:
use this register to clear GPIO_STATUS1_REG. (WO)
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Register 6.32. GPIO_STATUS_NEXT_REG (0x014C)

&
%
L/
S
<<§'\Q\
O
%«é
O 7
C;z\
‘ 31 0 ‘
‘ 0x000000 \ Reset

GPIO_STATUS_INTERRUPT_NEXT Interrupt source signal of GPIOO ~ 31, could be rising edge in-
terrupt, falling edge interrupt, level sensitive interrupt and any edge interrupt. (RO)

Register 6.33. GPIO_STATUS_NEXT1_REG (0x0150)

S
Q\Q‘
&
S
N7
<
S &
) O
& &
‘31 22|21 0‘
\o 0 0000 0 0 O o| 0x0000 \Reset

GPIO_STATUS1_INTERRUPT_NEXT Interrupt source signal of GPIO32 ~ 48. (RO)

Register 6.34. GPIO_DATE_REG (0x06FC)

&
(@6\ OVIS
% O7
& &
‘ 31 28 | 27 0 ‘
\ 0 0 0 O 0x1907040 \Reset

GPIO_DATE Version control register (R/W)

6.15.2 10 MUX Registers

The addresses in this section are relative to the IO MUX base address provided in Table 4-3 in Chapter 4 System
and Memory.
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Register 6.35. I0_MUX_PIN_CTRL_REG (0x0000)
Q7 N\
A*(g\ 3 \/9 \/9 \/9
ng 6@2\’ C,)\Q‘ C,)\Q‘ C,)\Q\
Y & & 7
®® 0‘\‘/ 0‘\" \5\‘/ \S\‘/ 0‘\‘/
& N N N
@ O O O O O

0x0

0x0

Espressif Systems

I0_MUX_PIN_CTRL_CLKx If you want to output clock for 12S0 to: (R/W)

CLK_OUT1 then set IO_MUX_PIN_CTRL_CLK1 = 0x0
CLK_OUT?2 then set IO_MUX_PIN_CTRL_CLK2 = 0x0;
CLK_OUTS then set I0_MUX_PIN_CTRL_CLKS = 0x0.
If you want to output clock for 1251 to: (R/W)
CLK_OUT1 then set IO_MUX_PIN_CTRL_CLK1 = OxF
CLK_OUT?2 then set IO_MUX_PIN_CTRL_CLK?2 = 0OxF;
CLK_OUT3 then set IO_MUX_PIN_CTRL_CLK3 = OxF.
Note:

Only the above mentioned combinations of clock source and clock output pins are possible.
The CLK_OUT1 ~ 3 can be found in IO_MUX Pin Function List.

I0_MUX_SWITCH_PRT_NUM GPIO pin power switch delay, delay unit is one APB clock. (R/W)

I0_MUX_PAD_POWER_CTRL Select power voltage for GPIO33 ~ 37. 1: select VDD_SPI 1.8 V; O:

select VDD3P3_CPU 3.3 V. (R/W)
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Register 6.36. I0_MUX_n_REG (1: GPIO0-GPIO21, GP1026-GP1048) (0x0010+4")

> SIS » &L
¥ P e S o« Lo

27 PAYRY:
> +Q\V(O Q@ +§:§<\>+<: i@i@ $\Ci\:cj\:cj\:vioo
& SO S I S O
§ O 9 Q7 QOO Q7 POV PIO
E L [ [ T-LLLL
\oooooooooooooooo|0xo| 0x0 |Ox2|0|0|0| |o|o|o|o|o\Reset

I0_MUX_MCU_OE Output enable of the pin in sleep mode. 1: Output enabled; 0: Output disabled.
(R/W)

I0_MUX_SLP_SEL Sleep mode selection of this pin. Set to 1 to put the pin in sleep mode. (R/W)

I0_MUX_MCU_WPD Pull-down enable of the pin during sleep mode. 1: Internal pull-down enabled;
0: Internal pull-down disabled. (R/W)

1I0_MUX_MCU_WPU Pull-up enable of the pin during sleep mode. 1: Internal pull-up enabled; O:
Internal pull-up disabled.

I0_MUX_MCU_IE Input enable of the pin during sleep mode. 1: Input enabled; O: Input disabled.
(R'W)

I0_MUX_MCU_DRV Configures the drive strength of GPIOn during sleep mode.
0: ~5 mA
1: ~10 mA
2: ~20mA
3: ~40 mA
RW)

I0_MUX_FUN_WPD Pull-down enable of the pin. 1: Pull-down enabled; O: Pull-down disabled.
RW)

I0O_MUX_FUN_WPU Pull-up enable of the pin. 1: Internal pull-up enabled; O: Internal pull-up dis-
abled. (R/W)

IO_MUX_FUN_IE Input enable of the pin. 1: Input enabled; O: Input disabled. (R/W)

IO_MUX_FUN_DRV Select the drive strength of the pin. 0: ~5 mA: 1: ~10 mA: 2: ~20 mA; 3: ~40
mA. (R/W)

I0_MUX_MCU_SEL Select IO MUX function for this signal. 0: Select Function 0; 1: Select Function
1, etc. (R/W)

I0O_MUX_FILTER_EN Enable filter for pin input signals. 1: Filter enabled; O: Filter disabled. (R/W)

6.15.3 SDM Output Registers

The addresses in this section are relative to (GPIO base address provided in Table 4-3 in Chapter 4 System and
Memory + 0xOFQ00).
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Register 6.37. GPIO_SIGMADELTA"_REG (n: 0-7) (0x0000+4*)

<
R
&
3 3
é@b\ %Q\'\/ d\/
& Q7 Q7
@% & &
‘31 16|15 8|7 0‘
\o 0 000 0O0OO0OOTO OGO OGO O0UOO0 O o| Oxff | 0x0 \Reset

GPIO_SDn_IN This field is used to configure the duty cycle of sigma delta modulation output. (R/W)

GPIO_SDn_PRESCALE This field is used to set a divider value to divide APB clock. (R/W)

Register 6.38. GPIO_SIGMADELTA_CG_REG (0x0020)

GPIO_SD_CLK_EN Clock enable bit of configuration registers for sigma delta modulation. (R/W)

Register 6.39. GPIO_SIGMADELTA_MISC_REG (0x0024)

3
\\/b/
O
/
O?Q\o/f\>$ &
C§\ 62\ \@@@

GPIO_FUNCTION_CLK_EN Clock enable bit of sigma delta modulation. (R/W)

GPIO_SPI_SWAP Reserved. (R/W)
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Register 6.40. GPIOSD_SIGMADELTA_VERSION_REG (0x0028)

&
=~
S 7
R o5
NS &
‘31 28|27 0‘
\o 0 0 o0 0x1802260 \Reset

GPIO_SD_DATE Version control register. (R/W)

6.15.4 RTC IO MUX Registers

The addresses in this section are relative to (Low-Power Management base address provided in Table 4-3 in
Chapter 4 System and Memory + 0x0400).

Register 6.41. RTC_GPIO_OUT_REG (0x0000)

é‘?‘
O\s& ‘
éz\o ’ @"J&
Q}\&Q/ §®%®
‘ 31 10 | 9 0 ‘
\ 0 |o 0 00 00 0 0 O O‘Reset

RTC_GPIO_OUT_DATA GPIOO ~ 21 output register. Bit10 corresponds to GPIOO, bit11 corresponds
to GPIO1, etc. (R/W)

Register 6.42. RTC_GPIO_OUT_W1TS_REG (0x0004)

),\{o
?\/
«
A7
o
QX S
9 .
& N
‘31 10|9 0‘
\ 0 oooooooooo\Reset

RTC_GPIO_OUT_DATA_W1TS GPIOQ ~ 21 output set register. If the value 1 is written to a bit here,
the corresponding bit in RTC_GPIO_OUT_REG will be set to 1. Recommended operation: use
this register to set RTC_GPIO_OUT_REG. (WO)
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Register 6.43. RTC_GPIO_OUT_W1TC_REG (0x0008)

&O
N
/\V§
/\Q\?
0/
O
O/
& &
& &
‘31 10|9 0‘
\ 0 |0000000000\Reset

RTC_GPIO_OUT_DATA_W1TC GPIOO ~ 21 output clear register. If the value 1 is written to a bit here,
the corresponding bit in RTC_GPIO_OUT_REG will be cleared. Recommended operation: use this
register to clear RTC_GPIO_OUT_REG. (WO)

Register 6.44. RTC_GPIO_ENABLE_REG (0x000C)

¥
%?‘
Ve
Cg\o GQ’&
O %)
& N
‘31 109 0‘
\ 0 0 00 00 000 O O‘Reset

RTC_GPIO_ENABLE GPIOO ~ 21 output enable. Bit10 corresponds to GPIOO, bit11 corresponds to
GPIO1, etc. If the bit is set to 1, it means this GPIO pin is output. (R/W)

Register 6.45. RTC_GPIO_ENABLE_W1TS_REG (0x0010)

<2
N
2
??7
O/
Q o
S 5
& @
‘31 109 0‘
‘ 0 oooooooooo‘Rese»c

RTC_GPIO_ENABLE_W1TS GPIOO0 ~ 21 output enable set register. If the value 1 is written to a bit
here, the corresponding bit in RTC_GPIO_ENABLE_REG will be set to 1. Recommended opera-
tion: use this register to set RTC_GPIO_ENABLE_REG. (WO)
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Register 6.46. RTC_GPIO_ENABLE_W1TC_REG (0x0014)

éO
<
%&
O/
& e
& &
‘31 0|9 0‘
\ 0 oooooooooo\Reset

RTC_GPIO_ENABLE_W1TC GPIOO ~ 21 output enable clear register. If the value 1 is written to
a bit here, the corresponding bit in RTC_GPIO_ENABLE_REG will be cleared. Recommended
operation: use this register to clear RTC_GPIO_ENABLE_REG. (WO)

Register 6.47. RTC_GPIO_STATUS_REG (0x0018)

S
&
&
@Q\ @Q’&
O %)
& N
‘31 109 0‘
\ 0 0 00 00 00 O0 O O‘Reset

RTC_GPIO_STATUS_INT GPIOO ~ 21 interrupt status register. Bit10 corresponds to
GPIOO, bit11 corresponds to GPIO1, etc. This register should be used together with
RTC_GPIO_PINA_INT_TYPE in RTC_GPIO_PINn_REG. 0: no interrupt; 1: corresponding
interrupt. (R/W)

Register 6.48. RTC_GPIO_STATUS_W1TS_REG (0x001C)

&
\é&/
&
&
QX S
S 5
& N
‘31 109 0‘
\ 0 0 00 00 0O0O0 O O‘Reset

RTC_GPIO_STATUS_INT_W1TS GPIOO ~ 21 interrupt set register. If the value 1 is written to a bit
here, the corresponding bit in RTC_GPIO_STATUS_INT will be set to 1. Recommended operation:
use this register to set RTC_GPIO_STATUS_INT. (WO)
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Register 6.49. RTC_GPIO_STATUS_W1TC_REG (0x0020)

O
$<\
%
\é
&
o2
& &
O %)
& &
‘31 10|9 0‘
\ 0 |oooooooooo\Reset

RTC_GPIO_STATUS_INT_W1TC GPIOO ~ 21 interrupt clear register. If the value 1 is written to a bit
here, the corresponding bit in RTC_GPIO_STATUS_INT will be cleared. Recommended operation:
use this register to clear RTC_GPIO_STATUS_INT. (WO)

Register 6.50. RTC_GPIO_IN_REG (0x0024)

\%/
C§2\0/ @‘Z’&
Q’SQ/ §®%®
g ]
‘ 0 0 00 00 000 O O‘Reset

RTC_GPIO_IN_NEXT GPIOO ~ 21 input value. Bit10 corresponds to GPIOO, bit11 corresponds to
GPIO1, etc. Each bit represents a pin input value, 1 for high level, and 0 for low level. (RO)

Register 6.51. RTC_GPIO_PIN/_REG (1: 0-21) (0x0028+0x4%/))

¥
¥ . &
@/&/Q 09®
Q\%’\/$ é\>$ é\/?\
J\@b\ @Q\O/ @Q\O/ J\@b\ (§\O ’ (@6\
& &g ¢ &E
‘31 11| 10 |9 716 312 |1 0‘
[0 o 000 o00000O00O0O0GO0OGO0O0GO0GO 000 0O o Jo o o of[o]o oReset

RTC_GPIO_PINn_PAD_DRIVER Pin driver selection. 0: normal output; 1: open drain. (R/W)

RTC_GPIO_PIN_INT_TYPE GPIO interrupt type selection. 0: GPIO interrupt disabled; 1: rising
edge trigger; 2: falling edge trigger; 3: any edge trigger; 4: low level trigger; 5: high level trigger.
R/W)

RTC_GPIO_PINn_WAKEUP_ENABLE GPIO wake-up enable. This will only wake up the chip from
Light-sleep. (R/W)
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Register 6.52. RTC_IO_TOUCH_PAD/_REG (1: 0-14) (0x0084+0x4*/))

RTC_IO_TOUCH_PADn_FUN_IE Input enable in normal execution. (R/W)
RTC_IO_TOUCH_PADn_SLP_OE Output enable in sleep mode. (R/W)
RTC_IO_TOUCH_PAD_SLP_IE Input enable in sleep mode. (R/W)
RTC_IO_TOUCH_PADn_SLP_SEL O0: no sleep mode; 1: enable sleep mode. (R/W)
RTC_IO_TOUCH_PADn_FUN_SEL Function selection. (R/W)

RTC_IO_TOUCH_PADn_MUX_SEL Connect the RTC pin input or digital pin input. O is available, i.e.
select digital pin input. (R/W)

RTC_IO_TOUCH_PADn_XPD Touch sensor power on. (R/W)
RTC_IO_TOUCH_PADn_TIE_OPT The tie option of touch sensor. O: tie low; 1: tie high. (R/W)
RTC_IO_TOUCH_PADn_START Start touch sensor. (R/W)

RTC_IO_TOUCH_PADn_RUE Pull-up enable of the pin. 1: internal pull-up enabled; O: internal pull-
up disabled. (R/W)

RTC_IO_TOUCH_PADn_RDE Pull-down enable of the pin. 1: internal pull-down enabled, O: internal
pull-down disabled. (R/W)

RTC_IO_TOUCH_PADn_DRV Select the drive strength of the pin. 0: ~5 mA: 1: ~10 mA: 2; ~20 mA;
3: ~40 mA. (R/W)
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Register 6.53. RTC_IO_XTAL_32P_PAD_REG (0x00CO0)

L e &
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s ¥ PP S £ PP S
5 oS ooy 5 I PRI 0 7 ol 5
& & &L & & ¢ L &

RTC_IO_X32P_FUN_IE Input enable in normal execution. (R/W)
RTC_IO_X32P_SLP_OE Output enable in sleep mode. (R/W)
RTC_IO_X32P_SLP_IE Input enable in sleep mode. (R/W)
RTC_IO_X32P_SLP_SEL 1: enable sleep mode; O: no sleep mode. (R/W)
RTC_IO_X32P_FUN_SEL Function selection. (R/W)
RTC_IO_X32P_MUX_SEL 1: use RTC GPIO; 0: use digital GPIO. (R/W)

RTC_IO_X32P_RUE Pull-up enable of the pin. 1: internal pull-up enabled; O: internal pull-up disabled.

R/W)
RTC_IO_X32P_RDE Pull-down enable of the pin. 1: internal pull-down enabled, O: internal pull-down
disabled. (R/W)
RTC_IO_X32P_DRV Select the drive strength of the pin. 0: ~5 mA: 1: ~10 mA: 2: ~20 mA; 3: ~40
mA. (R/W)
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Register 6.54. RTC_IO_XTAL_32N_PAD_REG (0x00C4)
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RTC_IO_X32N_FUN_IE Input enable in normal execution. (R/W)
RTC_IO_X32N_SLP_OE Output enable in sleep mode. (R/W)
RTC_IO_X32N_SLP_IE Input enable in sleep mode. (R/W)
RTC_IO_X32N_SLP_SEL 1: enable sleep mode; 0: no sleep mode. (R/W)
RTC_IO_X32N_FUN_SEL Function selection. (R/W)
RTC_IO_X32N_MUX_SEL 1: use RTC GPIO; 0: use digital GPIO. (R/W)

RTC_IO_X32N_RUE Pull-up enable of the pin. 1: internal pull-up enabled; 0: internal pull-up dis-
abled. (R/W)

RTC_IO_X32N_RDE Pull-down enable of the pin. 1: internal pull-down enabled, O: internal pull-down
disabled. (R/W)

RTC_IO_X32N_DRV Select the drive strength of the pin. 0: ~5 mA: 1: ~10 mA: 2: ~20 mA; 3: ~40
mA. (R/W)
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Register 6.55. RTC_IO_RTC_PADn_REG (n: 17-21) (0x00C8, 0x00CC, 0x00D0, 0x00D4, 0x00D8)
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RTC_IO_RTC_PADn_FUN_IE Input enable in normal execution. (R/W)
RTC_IO_RTC_PADn_SLP_OE Output enable in sleep mode. (R/W)
RTC_IO_RTC_PADn_SLP_IE Input enable in sleep mode. (R/W)
RTC_IO_RTC_PADn_SLP_SEL 1: enable sleep mode; 0: no sleep mode. (R/W)
RTC_IO_RTC_PADn_FUN_SEL Function selection. (R/W)
RTC_IO_RTC_PADn_MUX_SEL 1: use RTC GPIO; 0O: use digital GPIO. (R/W)

RTC_IO_RTC_PADn_RUE Pull-up enable of the pin. 1: internal pull-up enabled; O: internal pull-up
disabled. (R/W)

RTC_IO_RTC_PADn_RDE Pull-down enable of the pin. 1: internal pull-down enabled, O: internal
pull-down disabled. (R/W)

RTC_IO_RTC_PADn_DRV Select the drive strength of the pin. 0: ~5 mA: 1: ~10 mA: 2: ~20 mA; 3:

~40 mA. (RW)
Register 6.56. RTC_IO_XTL_EXT_CTR_REG (0x00EOQ)
Q\éb/
¢
N >
Yl 5°
Q/SO QQ’%
‘31 27|26 0‘
\ 0 |ooooooooooooooooooooooooooo\Reset

RTC_IO_XTL_EXT_CTR_SEL Select the external crystal power down enable source to get into
sleep mode. 0: select GPIOO; 1: select GPIO1, etc. The input value on this pin XOR
RTC_CNTL_EXT_XTL_CONF_REGI30Q] is the crystal power down enable signal. (R/W)

Espressif Systems 508 ESP32-S3 TRM (Version 1.2)
Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.2

6 10 MUX and GPIO Matrix (GPIO, 10 MUX) GoBack

Register 6.57. RTC_IO_SAR_I2C_IO_REG (0x00E4)
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RTC_IO_SAR_I2C_SCL_SEL Selects a pin the RTC 12C SCL signal connects to. 0: use RTC GPIOQ;
1: use RTC GPIO2. (R/W)

RTC_IO_SAR_I2C_SDA_SEL Selects a pin the RTC 12C SDA signal connects to. 0: use RTC GPIOT;
1: use RTC GPIOS. (R/W)

Register 6.58. RTC_IO_DATE_REG (0x01FC)
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‘ Reset

RTC_IO_DATE Version control register (R/W)
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7 Reset and Clock

7.1 Reset

7.1.1 Overview

ESP32-S3 provides four reset levels, namely CPU Reset, Core Reset, System Reset, and Chip Reset.

All reset levels mentioned above (except Chip Reset) maintain the data stored in internal memory. Figure 7-1
shows the affected subsystems of the four reset levels.

7.1.2 Architectural Overview

ESP32-S3
SYSTEM
CORE RTC
CPUO Reset » CPUO
PMU
CPU1 Reset
» CPU1
Core Reset ;E SENSOR
o Wi-Fi = ANALOG
System Reset o g
g @ Coprocessor
Bluetooth LE P
Chip Reset
Digital GPIO RTC GPIO

7.1.3 Features

e Support four reset levels:

Figure 7-1. Reset Levels

— CPU Reset: only resets CPUx core. CPUx can be CPUO or CPU1 here. Once such reset is released,
programs will be executed from CPUx reset vector. Each CPU core has its own reset logic.

— Core Reset: resets the whole digital system except RTC, including CPUO, CPU1, peripherals, Wi-Fi,
Bluetooth® LE (BLE), and digital GPIOs.

- System Reset: resets the whole digital system, including RTC.

— Chip Reset: resets the whole chip.

e Support software reset and hardware reset:

- Software reset is triggered by CPUx configuring its corresponding registers.

Espressif Systems

510
Submit Documentation Feedback

ESP32-S3 TRM (Version 1.2)


https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.2

7 Reset and Clock GoBack

— Hardware reset is directly triggered by the circuit.

Note:
If CPU Reset is from CPUO, the sensitive registers will be reset, too.

7.1.4 Functional Description

CPUO and CPU1 will be reset immediately when any of the reset above occurs. After the reset is released, CPUO
and CPU1 can read from the registers RTC_CNTL_RESET_CAUSE_PROCPU and RTC_CNTL_RESET_
CAUSE_APPCPU to get the reset source, respectively. The reset sources recorded in the two registers are
shared by the two CPUs, except the CPU reset sources, i.e. each CPU has its own CPU reset sources.

Table 7-1 lists the reset sources and the types of reset they trigger.

Table 7-1. Reset Sources

Code | Source Reset Type Comments
0x01 | Chip reset! Chip Reset -
Chip Reset or ,
OxOF | Brown-out system reset Triggered by brown-out detector?
System Reset
0x10 | RWDT system reset System Reset See Chapter 13 Watchdog Timers (WDT)
0x12 | Super Watchdog reset System Reset | See Chapter 13 Watchdog Timers (WDT)
0x13 | GLITCH reset System Reset | See Chapter 24 Clock Glitch Detection
0x03 | Software system reset Core Reset Triggered by configuring RTC_CNTL_SW_SYS_RST
0x05 | Deep-sleep reset Core Reset See Chapter 10 Low-power Management (RTC_CNTL)
0x07 | MWDTO core reset Core Reset See Chapter 13 Watchdog Timers (WDT)
0x08 | MWDT1 core reset Core Reset See Chapter 13 Watchdog Timers (WDT)
0x09 | RWDT core reset Core Reset See Chapter 13 Watchdog Timers (WDT)
0x14 | eFuse reset Core Reset Triggered by eFuse CRC error

Triggered when external USB host sends a specific command
0x15 | USB (UART) reset Core Reset to the Serial interface of USB-Serial-JTAG. See 33 USB Seri-
al/JTAG Controller (USB_SERIAL_JTAG)

Triggered when external USB host sends a specific command

0x16 | USB (JTAG) reset Core Reset to the JTAG interface of USB-Serial-JTAG. See 33 USB Seri-
al/JTAG Controller (USB_SERIAL_JTAG)

0x0B | MWDTO CPUx reset CPU Reset See Chapter 13 Watchdog Timers (WDT)

0x0C | Software CPUx reset CPU Reset Triggered by configuring RTC_CNTL_SW_PRO(APP)CPU_RST

0xOD | RWDT CPUx reset CPU Reset See Chapter 13 Watchdog Timers (WDT)

Ox11 MWDT1 CPUx reset CPU Reset See Chapter 13 Watchdog Timers (WDT)

' Chip Reset can be triggered by the following three sources:
e Triggered by chip power-on;
¢ Triggered by brown-out detector;
e Triggered by Super Watchdog (SWD).
2 Once brown-out status is detected, the detector will trigger System Reset or Chip Reset, depending on register
configuration. For more information, please see Chapter 10 Low-power Management (RTC_CNTL).
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7.2 Clock

7.2.1 Overview

ESP32-S3 clocks are mainly sourced from oscillator (OSC), RC, and PLL circuit, and then processed by the
dividers/selectors, which allows most functional modules to select their working clock according to their power
consumption and performance requirements. Figure 7-2 shows the system clock structure.

7.2.2 Architectural Overview
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Figure 7-2. Clock Structure
7.2.3 Features
ESP32-S3 clocks can be classified in two types depending on their frequencies:
¢ High speed clocks for devices working at a higher frequency, such as CPU and digital peripherals
- PLL_CLK (320 MHz or 480 MHz): internal PLL clock
— XTAL_CLK (40 MHz): external crystal clock
e Slow speed clocks for low-power devices, such as RTC module and low-power peripherals

— XTAL32K_CLK (32 kHz): external crystal clock
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- RC_FAST_CLK (17.5 MHz by default): internal fast RC oscillator clock with adjustable frequency

— RC_FAST_DIV_CLK: internal fast RC oscillator clock derived from RC_FAST_CLK divided by 256

- RC_SLOW_CLK (136 kHz by default): internal low RC oscillator clock with adjustable frequency

7.2.4 Functional Description

7.2.41 CPU Clock

As Figure 7-2 shows, CPU_CLK is the master clock for CPUx and it can be as high as 240 MHz when CPUx
works in high performance mode. Alternatively, CPUx can run at lower frequencies, such as at 2 MHz, to lower

power consumption.

Users can set PLL_CLK, RC_FAST_CLK or XTAL_CLK as CPU_CLK clock source by configuring register
SYSTEM_SOC_CLK_SEL, see Table 7-2 and Table 7-3. By default, the CPU clock is sourced from XTAL_CLK
with a divider of 2, i.e. the CPU clock is 20 MHz.

Table 7-2. CPU Clock Source

SYSTEM_SOC_CLK_SEL Value | CPU Clock Source

0

XTAL_CLK

1

PLL_CLK

2

RC_FAST_CLK

Table 7-3. CPU Clock Frequency

CPU Clock Source

SEL_0*

SEL_1*

SEL_2*

CPU Clock Frequency

XTAL_CLK

CPU_CLK = XTAL_CLK/(SYSTEM_PRE_DIV_CNT + 1)
SYSTEM_PRE_DIV_CNT ranges from 0 ~ 1023. Default is 1

PLL_CLK (480 MHz)

CPU_CLK = PLL_CLK/6
CPU_CLK frequency is 80 MHz

PLL_CLK (480 MHz)

CPU_CLK = PLL_CLK/3
CPU_CLK frequency is 160 MHz

PLL_CLK (480 MHz)

CPU_CLK = PLL_CLK/2
CPU_CLK frequency is 240 MHz

PLL_CLK (320 MHz)

CPU_CLK = PLL_CLK/4
CPU_CLK frequency is 80 MHz

PLL_CLK (320 MHz)

CPU_CLK = PLL_CLK/2
CPU_CLK frequency is 160 MHz

RC_FAST_CLK

CPU_CLK = RC_FAST_CLK/(SYSTEM_PRE_DIV_CNT + 1)
SYSTEM_PRE_DIV_CNT ranges from 0 ~ 1023. Default is 1

" The value of register SYSTEM_SOC_CLK_SEL.
" The value of register SYSTEM_PLL_FREQ_SEL.

" The value of register SYSTEM_CPUPERIOD_SEL.

7.2.4.2 Peripheral Clocks

Peripheral clocks include APB_CLK, CRYPTO_PWM_CLK, PLL_F160M_CLK, PLL_D2_CLK, LEDC_CLK,
XTAL_CLK, and RC_FAST_CLK. Table 7-4 shows which clock can be used by each peripheral.
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Table 7-4. Peripheral Clocks

Peripheral XTAL_CLK | APB_CLK | PLL_F160M_CLK | PLL_ D2 _CLK | RC_FAST_CLK | CRYPTO_PWM_CLK | LEDC_CLK
TIMG Y Y

12S Y Y Y

UHCI Y

UART Y Y Y

RMT Y Y Y

PWM Y

12C Y Y

SPI Y Y

PCNT Y

eFuse Controller Y Y

SARADC Y Y

USB Y

CRYPTO Y

TWAI Controller Y

SDIO HOST Y Y

LEDC Y Y Y Y
LCD_CAM Y Y Y

SYS_TIMER Y Y

Y00|D puE Jesey  /

3oegqoy
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APB_CLK

APB_CLK frequency is determined by the clock source of CPU_CLK as shown in Table 7-5.

Table 7-5. APB_CLK Fequency

CPU_CLK Source APB_CLK Frequency
PLL_CLK 80 MHz

XTAL_CLK CPU_CLK
RC_FAST_CLK CPU_CLK

CRYPTO_PWM_CLK

The frequency of CRYPTO_PWM_CLK is determined by the CPU_CLK source, as shown in Table 7-6.

Table 7-6. CRYPTO_PWM_CLK Frequency

CPU_CLK Source CRYPTO_PWM_CLK Frequency
PLL_CLK 160 MHz

XTAL_CLK CPU_CLK

RC_FAST_CLK CPU_CLK

PLL_F160M_CLK

PLL_F160M_CLK is divided from PLL_CLK according to current PLL frequency, so the frequency of
PLL_F160M_CLK is always 160 Mhz.

PLL_D2_CLK
PLL_D2_CLK s divided from PLL_CLK according to current PLL frequency.
LEDC_CLK

LEDC module uses RC_FAST_CLK as clock source when APB_CLK is disabled. In other words, when the
system is in low-power mode, most peripherals will be halted (APB_CLK is turned off), but LEDC can work
normally via RC_FAST_CLK.

7.2.4.3 Wi-Fi and Bluetooth LE Clock

Wi-Fi and Bluetooth LE can work only when CPU_CLK uses PLL_CLK as its clock source. Suspending PLL_CLK
requires that Wi-Fi and Bluetooth LE has entered low-power mode first.

LOW_POWER_CLK uses XTAL32K_CLK, XTAL_CLK, RC_FAST_CLK or RTC_SLOW_CLK (the low clock
selected by RTC) as its clock source for Wi-Fi and Bluetooth LE in low-power mode.

7.2.4.4 RTC Clock

The clock sources for RTC_SLOW_CLK and RTC_FAST_CLK are low-frequency clocks. RTC module can
operate when most other clocks are stopped.

RTC_SLOW_CLK is derived from RC_SLOW_CLK, XTAL32K_CLK or RC_FAST_DIV_CLK and used to clock
Power Management module. RTC_FAST_CLK is used to clock On-chip Sensor module. It can be sourced from
a divided XTAL_CLK or from RC_FAST_CLK.
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8 Chip Boot Control

8.1 Overview
ESP32-S3 has four strapping pins:
e GPIOO
e GPIO3
e GPIO45
e GPIO46
These strapping pins are used to control the following functions during chip power-on or hardware reset:
e control chip boot mode
e enable or disable ROM messages printing
¢ control the voltage of VDD_SPI
e control the source of JTAG signals

During power-on-reset, RTC watchdog reset, brownout reset, analog super watchdog reset, and crystal clock
glitch detection reset (see Chapter 7 Reset and Clock), hardware captures samples and stores the voltage level of
strapping pins as strapping bit of “0” or “1” in latches, and holds these bits until the chip is powered down or shut
down. Software can read the latch status (strapping value) from the register GPIO_STRAPPING.

By default, GPIO0, GPI045, and GPIO46 are connected to the chip’s internal pull-up/pull-down resistors. If these
pins are not connected or connected to an external high-impedance circuit, the internal weak pull-up/pull-down
determines the default input level of these strapping pins (see Table 8-1).

Table 8-1. Default Configuration of Strapping Pins

Strapping Pin Default Configuration
GPIOO Pull-up

GPIO3 N/A

GPI0O45 Pull-down

GPIO46 Pull-down

To change the strapping bit values, users can apply external pull-down/pull-up resistors, or use host MCU GPIOs
to control the voltage level of these pins when powering on ESP32-S3. After the reset is released, the strapping
pins work as normal-function pins.

Note:
The following section provides description of the chip functions and the pattern of the strapping pins values to invoke
each function. Only documented patterns should be used. If some pattern is not documented, it may trigger unexpected

behavior.
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8.2 Boot Mode Control
GPIO0 and GPIO46 control the boot mode after the reset is released.

Table 8-2. Boot Mode Control

Boot Mode GPIOO0 | GPIO46
SPI Boot 1 X
Download Boot 0 0

Table 8-2 shows the strapping pin values of GPIO0 and GPIO46, and the associated boot modes. “x” means
that this value is ignored. The ESP32-S3 chip only supports the two boot modes listed above. The strapping
combination of GPIO0 = 0 and GPIO46 = 1 is not supported and will trigger unexpected behavior.

In SPI Boot mode, the CPU boots the system by reading the program stored in SPI flash. SPI Boot mode can be
further classified as follows:

¢ Normal Flash Boot: supports Security Boot and programs run in RAM.

e Direct Boot: does not support Security Boot and programs run directly in flash. To enable this mode, make
sure that the first two words of the bin file downloading to flash (address: 0x42000000) are Oxaedb041d.

In Download Boot mode, users can download code to flash using UARTO or USB interface. It is also possible to
load a program into SRAM and execute it in this mode.

The following eFuses control boot mode behaviors:
e EFUSE_DIS_FORCE_DOWNLOAD

If this eFuse is O (default), software can force switch the chip from SPI Boot mode to Download Boot mode
by setting register RTC_CNTL_FORCE_DOWNLOAD_BOOT and triggering a CPU reset. If this eFuse is 1,
RTC_CNTL_FORCE_DOWNLOAD_BOOT is disabled.

e EFUSE_DIS_ DOWNLOAD_MODE
If this eFuse is 1, Download Boot mode is disabled.
e EFUSE_ENABLE_SECURITY_DOWNLOAD

If this eFuse is 1, Download Boot mode only allows reading, writing, and erasing plaintext flash and does
not support any SRAM or register operations. Ignore this eFuse if Download Boot mode is disabled.

USB Serial/JTAG Controller can also force the chip into Download Boot mode from SPI Boot mode, as well as
force the chip into SPI Boot mode from Download Boot mode. For detailed information, please refer to Chapter
33 USB Serial/JTAG Controller (USB_SERIAL_JTAG).

8.3 ROM Messages Printing Control

During the boot process, ROM messages are printed to both UARTO and USB Serial/JTAG controller by default.
The printing to UARTO or USB Serial/JTAG controller can be disabled in various boot modes or
configuration.

Printing to UARTO is controlled as described in the table below.
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Table 8-3. Control of ROM Messages Printing to UARTO0

Boot Mode Register' | eFuse? | GPIO46 | ROM Messages
Printing to UARTO
Enabled
Enabled
Enabled
Disabled
Disabled
Enabled
Disabled
Disabled

Download Boot Mode x3 X

SPI Boot Mode

= O|=|O| X |X

X | X

1

" Register: RTC_CNTL_RTC_STORE4_REG[Q].
2 eFuse: EFUSE_UART_PRINT_CONTROL.
8 x: the value is ignored.

Printing to USB Serail/JTAG controller is controlled as described in the table below.

Table 8-4. Control of ROM Messages Printing to USB Serail/JTAG controller

Boot Mode Register' | eFuse_12| eFuse_2%| eFuse_3*| ROM Messages Printing to
USB Serial/JTAG controller
0 0 0 Enabled
Download Boot Mode x° .
Others Disabled
1 ‘ 1 X Enabled
0 00/10/01 0 Enabled
SPI Boot Mode -
00/10/01 1 Disabled
1 x | x X Disabled

" Register: RTC_CNTL_RTC_STORE4_REG[Q].

2 eFuse_1: EFUSE_DIS_USB_SERIAL_JTAG.

8 eFuse_2: In Download Boot mode, eFuse_2 is EFUSE_DIS_USB_SERIAL_JTAG_DOWNLOAD_MODE; In
SPI Boot mode, eFuse_2 is EFUSE_DIS_USB_OTG.

4 eFuse_3: In Download Boot mode, eFuse_3 is EFUSE_DIS_DOWNLOAD_MODE; In SPI Boot mode,
eFuse_3 is EFUSE_DIS_USB_PRINT.

5 x: the value is ignored.

Note:

The value of RTC_CNTL_RTC_STORE4_REGIQ] can be read and written any number of times, whereas eFuse can only be
burned once. Therefore, RTC_CNTL_RTC_STORE4_REG[0] can be used to temporarily disable ROM messages printing,
while eFuse can be used to permanently disable ROM messages printing.

8.4 VDD_SPI Voltage Control

GPIO45 is used to select the VDD_SPI power supply voltage at reset:

e GPIO45 = 0, VDD_SPI pin is powered directly from VDD3P3_RTC via resistor Rgp;. Typically this voltage is
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3.3 V. For more information, see Figure: ESP32-S3 Power Scheme in ESP32-S3 Datasheet.

e GPIO45 =1, VDD_SPI pin is powered from internal 1.8 V LDO.

This functionality can be overridden by setting eFuse bit EFUSE_VDD_SPI_FORCE to 1, in which case the
EFUSE_
VDD_SPI_TIEH determines the VDD_SPI voltage:

e EFUSE_VDD_SPI_TIEH =0, VDD_SPI connects to 1.8 V LDO.

e EFUSE_VDD_SPI_TIEH =1, VDD_SPI connects to VDD3P3_RTC.

8.5 JTAG Signal Source Control

GPIOS controls the source of JTAG signals during the early boot process. This GPIO is used together with
EFUSE_DIS_PAD_JTAG, EFUSE_DIS_USB_JTAG, and EFUSE_STRAP_JTAG_SEL, see Table 8-5.

Table 8-5. JTAG Signal Source Control

eFuse 12| eFuse 2°| eFuse 3°| GPIO3 Signal Source
0 X JTAG signals come from USB Serial/JTAG Controller.
0 0 ’ 0 JTAG signals come from corresponding pins?
1 JTAG signals come from USB Serial/JTAG Controller.
0 1 X X JTAG signals come from corresponding pins?
0 X X JTAG signals come from USB Serial/JTAG Controller.
1 1 X X JTAG is disabled.

2 gFuse 1: EFUSE_DIS_PAD_JTAG

b eFuse 2: EFUSE_DIS_USB_JTAG

© eFuse 3: EFUSE_STRAP_JTAG_SEL

d JTAG pins: MTDI, MTCK, MTMS, and MTDO.
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9 Interrupt Matrix (INTERRUPT)

9.1 Overview

The interrupt matrix embedded in ESP32-S3 independently allocates peripheral interrupt sources to the two
CPUs’ peripheral interrupts, to timely inform CPUO or CPU1 to process the interrupts once the interrupt signals
are generated.

Peripheral interrupt sources must be routed to CPUO/CPU1 peripheral interrupts via this interrupt matrix due to
the following considerations:

e ESP32-S3 has 99 peripheral interrupt sources. To map them to 32 CPUO interrupts or 32 CPU1 interrupts,
this matrix is needed.

e Through this matrix, one peripheral interrupt source can be mapped to multiple CPUO interrupts or CPU1
interrupts according to application requirements.

9.2 Features

Accept 99 peripheral interrupt sources as input

Generate 26 peripheral interrupts to CPUO and 26 peripheral interrupts to CPU1 as output. Note that the
remaining six CPUO interrupts and six CPU1 interrupts are internal interrupts.

Support to disable CPU non-maskable interrupt (NMI) sources
e Support to query current interrupt status of peripheral interrupt sources

Figure 9-1 shows the structure of the interrupt matrix.

Core0 Config Peripheral Interrupt Source Core1 Config
Interrupt
Matrix \
Core0 v Core1 +
) Config Port
Core0 onfig 7o > Core0 Core1 Core1
Interrupt Reg| ¢, 1. port | INterrupt Ctrl Interrupt Ctrl | Status Port _ [Interrupt Reg
Core0_NMI_MASK_HW ﬁ f Core1l_NMI_MASK_HW

v \j
Core0 Peripheral Interrupt Core1 Peripheral Interrupt

Figure 9-1. Interrupt Matrix Structure
All the interrupts generated by the peripheral interrupt sources can be handled by CPUO or CPU1. Users can

configure CPUQ interrupt registers (“Core0 Interrupt Reg” module in Figure 9-1) to allocate peripheral interrupt
sources to CPUQ, or configure CPU1 interrupt registers (“Core1 Interrupt Reg” module in Figure 9-1) to allocate
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peripheral interrupt sources to CPU1. Peripheral interrupt sources can be allocated both to CPUO and CPU1
simultaneously, if so, CPUO and CPU1 will accept the interrupts.

9.3 Functional Description

9.3.1 Peripheral Interrupt Sources

ESP32-S3 has 99 peripheral interrupt sources in total. For the peripheral interrupt sources and their
configuration/status registers, please refer to Table 9-1.

e Column “No.”: the peripheral interrupt source number, can be 0 ~ 98
e Column “Source”: all peripheral interrupt sources available

¢ Column “Configuration Register”: the registers used for routing the peripheral interrupt sources to
CPUO/CPU1 peripheral interrupts

e Column “Status Register”: the registers used for indicating the interrupt status of peripheral interrupt
sources

- Column “Status Register - Bit”: the bit position in status registers
— Column “Status Register - Name”: the name of status registers

The register in column “Configuration Register” and the bit in column “Bit” correspond to the peripheral interrupt
source in column “Source”. For example, the configuration register for interrupt source MAC_INTR is
INTERRUPT_COREx_MAC_INTR_MAP_REG, and its status bit in INTERRUPT_COREX_INTR_STATUS_0_REG is
bitO.

Note that COREXx in the table can be COREO (CPUQ) or CORE1 (CPU1).
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Table 9-1. CPU Peripheral Interrupt Configuration/Status Registers and Peripheral Interrupt Sources

Status Register

No. Source Configuration Register =
Bit Name
0 MAC_INTR INTERRUPT_COREx_MAC_INTR_MAP_REG 0
1 MAC_NMI INTERRUPT_COREx_MAC_NMI_MAP_REG 1
2 PWR_INTR INTERRUPT_COREx_PWR_INTR_MAP_REG 2
3 BB_INT INTERRUPT_COREx_BB_INT_MAP_REG 3
4 BT_MAC_INT INTERRUPT_COREx_BT_MAC_INT_MAP_REG 4
5 BT_BB_INT INTERRUPT_COREx_BT_BB_INT_MAP_REG 5
6 BT_BB_NMI INTERRUPT_COREx_BT_BB_NMI_MAP_REG 6
7 RWBT_IRQ INTERRUPT_COREx_RWBT_IRQ_MAP_REG 7
8 RWBLE_IRQ INTERRUPT_COREx_RWBLE_IRQ_MAP_REG 8
9 RWBT_NMI INTERRUPT_COREx_RWBT_NMI_MAP_REG 9
10 RWBLE_NMI INTERRUPT_COREx_RWBLE_NMI_MAP_REG 10
11 [2C_MST_INT INTERRUPT_COREx_I2C_MST_INT_MAP_REG 11
12 reserved reserved 12
13 reserved reserved 13
14 UHCIO_INTR INTERRUPT_COREx_UHCIO_INTR_MAP_REG 14
15 reserved reserved 15
16 GPIO_INTERRUPT_CPU INTERRUPT_COREx_GPIO_INTERRUPT_CPU_MAP_REG 16 INTERRUPT_CORBX_INTR_STATUS_0_REG
17 GPIO_INTERRUPT_CPU_NMI INTERRUPT_COREx_GPIO_INTERRUPT_CPU_NMI_MAP_REG 17
18 reserved reserved 18
19 reserved reserved 19
20 SPI_INTR_1 INTERRUPT_COREX_SPI_INTR_1_MAP_REG 20
21 SPI_INTR_2 INTERRUPT_COREX_SPI_INTR_2_MAP_REG 21
22 SPI_INTR_3 INTERRUPT_COREx_SPI_INTR_3_MAP_REG 22
23 reserved reserved 23
24 LCD_CAM_INT INTERRUPT_COREx_LCD_CAM_INT_MAP_REG 24
25 12SO_INT INTERRUPT_COREX_I2SO_INT_MAP_REG 25
26 [2S1_INT INTERRUPT_COREx_I2S1_INT_MAP_REG 26
27 UART_INTR INTERRUPT_COREx_UART_INTR_MAP_REG 27
28 UART1_INTR INTERRUPT_COREXx_UART1_INTR_MAP_REG 28
29 UART2_INTR INTERRUPT_COREx_UART2_INTR_MAP_REG 29
30 SDIO_HOST_INTERRUPT INTERRUPT_COREx_SDIO_HOST_INTERRUPT_MAP_REG 30
31 PWMO_INTR INTERRUPT_COREx_PWMO_INTR_MAP_REG 31
32 PWM1_INTR INTERRUPT_COREx_PWM1_INTR_MAP_REG 0
33 reserved reserved 1 INTERRUPT_COREX_INTR_STATUS_1_REG
34 reserved reserved 2
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Status Register

No. Source Configuration Register =
Bit Name

35 LEDC_INT INTERRUPT_COREx_LEDC_INT_MAP_REG 3
36 EFUSE_INT INTERRUPT_COREx_EFUSE_INT_MAP_REG 4
37 TWAILINT INTERRUPT_COREx_TWAI_INT_MAP_REG 5
38 USB_INTR INTERRUPT_COREx_USB_INTR_MAP_REG 6
39 RTC_CORE_INTR INTERRUPT_COREx_RTC_CORE_INTR_MAP_REG 7
40 RMT_INTR INTERRUPT_COREx_RMT_INTR_MAP_REG 8
41 PCNT_INTR INTERRUPT_COREx_PCNT_INTR_MAP_REG 9
42 I2C_EXTO_INTR INTERRUPT_COREx_I2C_EXTO_INTR_MAP_REG 10
43 I2C_EXT1_INTR INTERRUPT_COREx_I2C_EXT1_INTR_MAP_REG 11
44 reserved reserved 12
45 reserved reserved 13
46 reserved reserved 14
47 reserved reserved 15
48 reserved reserved 16
49 reserved reserved 17
50 TG_TO_INT INTERRUPT_COREX_TG_TO_INT_MAP_REG 18
51 TG_T1_INT INTERRUPT_COREx_TG_T1_INT_MAP_REG 19 | INTERRUPT_COREX_INTR_STATUS_1_REG
52 TG_WDT_INT INTERRUPT_COREx_TG_WDT_INT_MAP_REG 20
53 TG1_TO_INT INTERRUPT_COREX_TG1_TO_INT_MAP_REG 21
54 TG1_T1_INT INTERRUPT_COREX_TG1_T1_INT_MAP_REG 22
55 TG1_WDT_INT INTERRUPT_COREX_TG1_WDT_INT_MAP_REG 23
56 CACHE_IA_INT INTERRUPT_COREx_CACHE_IA_INT_MAP_REG 24
57 SYSTIMER_TARGETO_INT INTERRUPT_COREXx_SYSTIMER_TARGETO_INT_MAP_REG 25
58 SYSTIMER_TARGET1_INT INTERRUPT_COREx_SYSTIMER_TARGET1_INT_MAP_REG 26
59 SYSTIMER_TARGET2_INT INTERRUPT_COREx_SYSTIMER_TARGET2_INT_MAP_REG 27
60 SPI_MEM_REJECT_INTR INTERRUPT_COREx_SPI_MEM_REJECT_INTR_MAP_REG 28
61 DCACHE_PRELOAD_INT INTERRUPT_COREx_DCACHE_PRELOAD_INT_MAP_REG 29
62 ICACHE_PRELOAD_INT INTERRUPT_COREx_ICACHE_PRELOAD_INT_MAP_REG 30
63 DCACHE_SYNC_INT INTERRUPT_COREx_DCACHE_SYNC_INT_MAP_REG 31
64 ICACHE_SYNC_INT INTERRUPT_COREx_ICACHE_SYNC_INT_MAP_REG 0
65 APB_ADC_INT INTERRUPT_COREX_APB_ADC_INT_MAP_REG 1
66 DMA_IN_CHO_INT INTERRUPT_COREX_DMA_IN_CHO_INT_MAP_REG 2
67 DMA_IN_CH1_INT INTERRUPT_COREx_DMA_IN_CH1_INT_MAP_REG 3
68 DMA_IN_CH2_INT INTERRUPT_COREx_DMA_IN_CH2_INT_MAP_REG 4 INTERRUPT_CORBX_INTR_STATUS_2_REG
69 DMA_IN_CH3_INT INTERRUPT_COREx_DMA_IN_CH3_INT_MAP_REG 5
70 DMA_IN_CH4_INT INTERRUPT_COREx_DMA_IN_CH4_INT_MAP_REG 6
71 DMA_OUT_CHO_INT INTERRUPT_COREX_DMA_OUT_CHO_INT_MAP_REG 7
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Status Register

No. Source Configuration Register =
Bit Name
72 DMA_OUT_CH1_INT INTERRUPT_COREx_DMA_OUT_CH1_INT_MAP_REG 8
73 DMA_OUT_CH2_INT INTERRUPT_COREx_DMA_OUT_CH2_INT_MAP_REG 9
74 DMA_OUT_CHB_INT INTERRUPT_COREx_DMA_OUT_CHS3_INT_MAP_REG 10
75 DMA_OUT_CH4_INT INTERRUPT_COREX_DMA_OUT_CH4_INT_MAP_REG 11
76 RSA_INTR INTERRUPT_COREx_RSA_INTR_MAP_REG 12
77 AES_INTR INTERRUPT_COREX_AES_INTR_MAP_REG 13
78 SHA_INTR INTERRUPT_COREx_SHA_INTR_MAP_REG 14
79 CPU_INTR_FROM_CPU_0O INTERRUPT_COREX_CPU_INTR_FROM_CPU_0_MAP_REG 15
80 CPU_INTR_FROM_CPU_1 INTERRUPT_COREx_CPU_INTR_FROM_CPU_1_MAP_REG 16
81 CPU_INTR_FROM_CPU_2 INTERRUPT_COREx_CPU_INTR_FROM_CPU_2_MAP_REG 17
82 CPU_INTR_FROM_CPU_3 INTERRUPT_COREX_CPU_INTR_FROM_CPU_3_MAP_REG 18
83 ASSIST_DEBUG_INTR INTERRUPT_COREX_ASSIST_DEBUG_INTR_MAP_REG 19
84 DMA_APB_PMS_MONITOR_VIOLATE_INTR INTERRUPT_COREx_DMA_APB_PMS_MONITOR_VIOLATE_INTR_MAP_REG 20 INTERRUPT_CORBX_INTR_STATUS_2_REG
85 CORE_0_IRAMO_PMS_MONITOR_VIOLATE_INTR INTERRUPT_COREx_CORE_0_IRAMO_PMS_MONITOR_VIOLATE_INTR_MAP_REG 21
86 CORE_0_DRAMO_PMS_MONITOR_VIOLATE_INTR INTERRUPT_COREx_CORE_0_DRAMO_PMS_MONITOR_VIOLATE_INTR_MAP_REG 22
87 CORE_O_PIF_PMS_MONITOR_VIOLATE_INTR INTERRUPT_COREx_CORE_0_PIF_PMS_MONITOR_VIOLATE_INTR_MAP_REG 23
88 CORE_O_PIF_PMS_MONITOR_VIOLATE_SIZE_INTR | INTERRUPT_COREx_CORE_O_PIF_PMS_MONITOR_VIOLATE_SIZE_INTR_MAP_REG | 24
89 CORE_1_IRAMO_PMS_MONITOR_VIOLATE_INTR INTERRUPT_COREx_CORE_1_IRAMO_PMS_MONITOR_VIOLATE_INTR_MAP_REG 25
90 CORE_1_DRAMO_PMS_MONITOR_VIOLATE_INTR INTERRUPT_COREX_CORE_1_DRAMO_PMS_MONITOR_VIOLATE_INTR_MAP_REG 26
91 CORE_1_PIF_PMS_MONITOR_VIOLATE_INTR INTERRUPT_COREx_CORE_1_PIF_PMS_MONITOR_VIOLATE_INTR_MAP_REG 27
92 CORE_1_PIF_PMS_MONITOR_VIOLATE_SIZE_INTR | INTERRUPT_COREx_CORE_1_PIF_PMS_MONITOR_VIOLATE_SIZE_INTR_MAP_REG | 28
93 BACKUP_PMS_VIOLATE_INT INTERRUPT_COREx_BACKUP_PMS_VIOLATE_INTR_MAP_REG 29
94 CACHE_COREQ_ACS_INT INTERRUPT_COREx_CACHE_COREO_ACS_INT_MAP_REG 30
95 CACHE_CORE1_ACS_INT INTERRUPT_COREx_CACHE_CORE1_ACS_INT_MAP_REG 31
96 USB_DEVICE_INT INTERRUPT_COREx_USB_DEVICE_INT_MAP_REG 0
97 PERI_BACKUP_INT INTERRUPT_COREx_PERI_BACKUP_INT_MAP_REG 1 INTERRUPT_COREx_INTR_STATUS_3_REG
98 DMA_EXTMEM_REJECT_INT INTERRUPT_COREx_DMA_EXTMEM_REJECT_INT_MAP_REG 2
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9.3.2 CPU Interrupts

Each CPU has 32 interrupts, numbered from O ~ 31, including 26 peripheral interrupts and six internal
interrupts.

e Peripheral interrupts: triggered by peripheral interrupt sources, include the following types:

- Level-triggered interrupts: triggered by a high level signal. The interrupt sources should hold the level
till the CPUx handles the interrupts.

- Edge-triggered interrupts: triggered on a rising edge. CPUx responds to this kind of interrupts
immediately.

- NMl interrupt: once triggered, the NMI interrupt can not be masked by software using the CPUx
internal registers. World Controller provides a way to mask this kind of interrupt. For more information,
see Chapter 16 World Controller (WCL).

¢ |nternal interrupts: generated inside CPUx, include the following types:
— Timer interrupts: triggered by internal timers and are used to generate periodic interrupts.
- Software interrupts: triggered when software writes to special registers.
- Profiling interrupt: triggered for performance monitoring and analysis.

Level-triggered and edge-triggered both describe the ways of CPUx to accept interrupt signals. For
level-triggered interrupts, the level of interrupt signal should be kept till the CPU handles the interrupt, otherwise
the interrupt may be lost. For edge-triggered interrupts, when a rising edge is detected, this edge will be
recorded by CPUx, which then allows the interrupt signal to be released.

Interrupt matrix routes the peripheral interrupt sources to any of the CPUx peripheral interrupts. By such way,
CPUx can receive the interrupt signals from peripheral interrupt sources. Table 9-2 lists all the interrupts and their
types as well as priorities.

ESP32-S3 supports the above-mentioned 32 interrupts at six levels as shown in the table below. A higher level
corresponds to a higher priority. NMI has the highest interrupt priority and once triggered, the CPUx must handle
such interrupt. Nested interrupts are also supported, i.e. low-level interrupts can be stopped by high-level
interrupts.

Table 9-2. CPU Interrupts

No. | Category | Type Priority
0 Peripheral | Level-triggered 1
1 Peripheral | Level-triggered 1
2 Peripheral | Level-triggered 1
3 Peripheral | Level-triggered 1
4 Peripheral | Level-triggered 1
5 Peripheral | Level-triggered 1
6 Internal Timer.0 1
7 Internal Software 1
8 Peripheral | Level-triggered 1
9 Peripheral | Level-triggered 1
10 | Peripheral | Level-triggered 1
Espressif Systems 525 ESP32-S3 TRM (Version 1.2)
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No. | Category | Type Priority
11 Internal Profiling 3
12 | Peripheral | Level-triggered 1
13 | Peripheral | Level-triggered 1
14 | Peripheral | NMI NMI
15 Internal Timer.1 3
16 | Internal Timer.2 5
17 | Peripheral | Level-triggered 1
18 | Peripheral | Level-triggered 1
19 | Peripheral | Level-triggered 2
20 | Peripheral | Level-triggered 2
21 Peripheral | Level-triggered 2
22 Peripheral | Level-triggered 3
23 | Peripheral | Level-triggered 3
24 | Peripheral | Level-triggered 4
25 Peripheral | Level-triggered 4
26 | Peripheral | Level-triggered 5
27 Peripheral | Level-triggered 3
28 | Peripheral | Level-triggered 4
29 | Internal Software 3
30 | Peripheral | Level-triggered 4
31 Peripheral | Level-triggered 5

9.3.3 Allocate Peripheral Interrupt Source to CPUx Interrupt
In this section, the following terms are used to describe the operation of the interrupt matrix.

e Source_Y: stands for a peripheral interrupt source, wherein, Y means the number of this interrupt source in
Table 9-1.

¢ INTERRUPT_COREx_SOURCE_Y_MAP_REG: stands for a configuration register for the peripheral interrupt
source (Source_Y) of CPUx.

e Interrupt_P: stands for the CPUx peripheral interrupt numbered as Num_P. The value of Num_P can be O ~
5,8~10,12~ 14,17 ~ 28, and 30 ~ 31. See Table 9-2.

e Interrupt_l: stands for the CPUx internal interrupt numbered as Num_|. The value of Num_| can be 6, 7, 11,
15, 16, and 29. See Table 9-2.

9.3.3.1 Allocate one peripheral interrupt source (Source_Y) to CPUx

Setting the corresponding configuration register INTERRUPT_COREx_SOURCE_Y_MAP_REG of Source_Y to
Num

_P allocates this interrupt source to Interrupt_P. Num_P here can be any value from 0~ 5,8~ 10, 12~ 14,17 ~
28, and 30 ~ 31. Note that one CPUx interrupt can be shared by multiple peripherals.
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9.3.3.2 Allocate multiple peripheral interrupt sources (Source_Yn) to CPUx

Setting the corresponding configuration register INTERRUPT_COREx_SOURCE_Yn_MAP_REG of each interrupt
source to the same Num_P allocates multiple sources to the same Interrupt_P. Any of these sources can trigger
CPUx Interrupt_P. When an interrupt signal is generated, CPUx checks the interrupt status registers to figure out
which peripheral the signal comes from.

9.3.3.3 Disable CPUx peripheral interrupt source (Source_Y)

Setting the corresponding configuration register INTERRUPT_COREx_SOURCE_Y_MAP_REG of the source to
any Num_|I disables this interrupt Source_Y. The choice of Num_I (6, 7, 11, 15, 16, 29) does not matter, as none
of peripheral interrupt sources allocated to Num_| is connected to the CPUx. Therefore this functionality can be
used to disable peripheral interrupt sources.

9.3.4 Disable CPUx NMI Interrupt

All CPUx interrupts, except for NMI interrupt (No.14 in Table 9-2), can be masked and enabled by software using
CPU special register (INTENABLE). NMI interrupt can not be masked by the way above, but ESP32-S3 provides
two ways to mask NMI interrupt:

e Disconnect peripheral interrupt sources from NMI interrupt, i.e. the sources routed to NMI interrupt before
are now routed to other interrupts. By such way, the previous NMI interrupt is maskable.

e Connect peripheral interrupt sources with NMI interrupt, but use World Controller module to mask NMI
interrupt. For more information, see Chapter Chapter 16 World Controller (WCL).

9.3.5 Query Current Interrupt Status of Peripheral Interrupt Source

Users can query current interrupt status of a CPUx peripheral interrupt source by reading the bit value in
INTERRUPT_COREX_INTR_STATUS_n_REG (read only). For the mapping between
INTERRUPT_COREX_INTR_STATUS_

n_REG and peripheral interrupt sources, please refer to Table 9-1.

9.4 Register Summary

The addresses in this section are relative to the Interrupt Matrix base address provided in Table 4-3 in Chapter 4
System and Memory.

The abbreviations given in Column Access are explained in Section Access Types for Registers.
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9.4.1 CPUO Interrupt Register Summary

Name Description Address | Access
Configuration Registers

INTERRUPT_COREO_MAC_INTR_MAP_REG MAC interrupt configuration register Ox0000 | R/W
INTERRUPT_COREO_MAC_NMI_MAP_REG MAC_NMI interrupt configuration register 0x0004 | R/W
INTERRUPT_COREO_PWR_INTR_MAP_REG PWR interrupt configuration register 0x0008 | R/W
INTERRUPT_COREO_BB_INT_MAP_REG BB interrupt configuration register O0x000C | R/W
INTERRUPT_COREO_BT_MAC_INT_MAP_REG BB_MAC interrupt configuration register 0x0010 | R/W
INTERRUPT_COREOQO_BT_BB_INT_MAP_REG BT_BB interrupt configuration register 0x0014 | R/W
INTERRUPT_COREO_BT_BB_NMI_MAP_REG BT_BB_NMI interrupt configuration register 0x0018 | R/W
INTERRUPT_COREO_RWBT_IRQ_MAP_REG RWBT_IRQ interrupt configuration register 0x001C | R/W
INTERRUPT_COREO_RWBLE_IRQ_MAP_REG RWBLE_IRQ interrupt configuration register 0x0020 | R/W
INTERRUPT_COREO_RWBT_NMI_MAP_REG RWBT_NMI interrupt configuration register 0x0024 | R/W
INTERRUPT_COREO_RWBLE_NMI_MAP_REG RWBLE_NMI interrupt configuration register 0x0028 | R/W
INTERRUPT_COREO_I2C_MST_INT_MAP_REG 12C_MST interrupt configuration register 0x002C | R/W
INTERRUPT_COREOQ_UHCIO_INTR_MAP_REG UHCIO interrupt configuration register 0x0038 | R/W
INTERRUPT_COREOQO_GPIO_INTERRUPT_CPU_MAP_REG GPIO_INTERRUPT_CPU interrupt configuration register 0x0040 | R/W
INTERRUPT_COREO_GPIO_INTERRUPT_CPU_NMI_MAP_REG GPIO_INTERRUPT_CPU_NMI interrupt configuration register 0x0044 | R/W
INTERRUPT_COREOQ_SPI_INTR_1_MAP_REG SPI_INTR_1 interrupt configuration register 0x0050 | R/W
INTERRUPT_COREQO_SPI_INTR_2_MAP_REG SPI_INTR_2 interrupt configuration register 0x0054 | R/W
INTERRUPT_COREO_SPI_INTR_3_MAP_REG SPI_INTR_3 interrupt configuration register 0x0058 | R/W
INTERRUPT_COREO_LCD_CAM_INT_MAP_REG LCD_CAM interrupt configuration register 0x0060 | R/W
INTERRUPT_COREO_I2SO_INT_MAP_REG 12S0 interrupt configuration register 0x0064 | R/W
INTERRUPT_COREQ_I2S1_INT_MAP_REG 1251 interrupt configuration register 0x0068 | R/W
INTERRUPT_COREO_UART_INTR_MAP_REG UART interrupt configuration register 0x006C | R/W
INTERRUPT_COREO_UART1_INTR_MAP_REG UART1 interrupt configuration register 0x0070 | R/W
INTERRUPT_COREO_UART2_INTR_MAP_REG UART2 interrupt configuration register 0x0074 | R/W
INTERRUPT_COREO_SDIO_HOST_INTERRUPT_MAP_REG SDIO_HOST interrupt configuration register 0x0078 | R/W
INTERRUPT_COREO_PWMO_INTR_MAP_REG PWMO interrupt configuration register 0x007C | R/W
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Name Description Address | Access
INTERRUPT_COREO_PWM1_INTR_MAP_REG PWM1 interrupt configuration register 0x0080 | R/W
INTERRUPT_COREOQO_LEDC_INT_MAP_REG LEDC interrupt configuration register 0x008C | R/W
INTERRUPT_COREO_EFUSE_INT_MAP_REG EFUSE interrupt configuration register 0x0090 | R/W
INTERRUPT_COREO_TWALLINT_MAP_REG CAN interrupt configuration register 0x0094 | R/W
INTERRUPT_COREO_USB_INTR_MAP_REG USB interrupt configuration register 0x0098 | R/W
INTERRUPT_COREO_RTC_CORE_INTR_MAP_REG RTC_CORE interrupt configuration register 0x009C | R/W
INTERRUPT_COREO_RMT_INTR_MAP_REG RMT interrupt configuration register Ox00A0 | R/W
INTERRUPT_COREO_PCNT_INTR_MAP_REG PCNT interrupt configuration register Ox00A4 | R/W
INTERRUPT_COREO_I2C_EXTO_INTR_MAP_REG 12C_EXTO interrupt configuration register Ox00A8 | R/W
INTERRUPT_COREOQ_I2C_EXT1_INTR_MAP_REG 12C_EXT1 interrupt configuration register Ox00AC | R/W
INTERRUPT_COREO_TG_TO_INT_MAP_REG TG_TO interrupt configuration register 0x00C8 | R/W
INTERRUPT_COREO_TG_T1_INT_MAP_REG TG_T1 interrupt configuration register Ox00CC | R/W
INTERRUPT_COREO_TG_WDT_INT_MAP_REG TG_WDT interrupt configuration register 0x00D0O | R/W
INTERRUPT_COREOQO_TG1_TO_INT_MAP_REG TG1_TO interrupt configuration register 0x00D4 | R/W
INTERRUPT_COREO_TG1_T1_INT_MAP_REG TG1_T1 interrupt configuration register Ox00D8 | R/W
INTERRUPT_COREO_TG1_WDT_INT_MAP_REG TG1_WDT interrupt configuration register 0x00DC | R/W
INTERRUPT_COREO_CACHE_IA_INT_MAP_REG CACHE_IA interrupt configuration register OxO00EOQ | R/W
INTERRUPT_COREOQ_SYSTIMER_TARGETO_INT_MAP_REG SYSTIMER_TARGETO interrupt configuration register OxO0E4 | R/W
INTERRUPT_COREO_SYSTIMER_TARGET1_INT_MAP_REG SYSTIMER_TARGET1 interrupt configuration register OxO0E8 | R/W
INTERRUPT_COREO_SYSTIMER_TARGET2_INT_MAP_REG SYSTIMER_TARGET?2 interrupt configuration register OXO00EC | R/W
INTERRUPT_COREO_SPI_MEM_REJECT_INTR_MAP_REG SPI_MEM_REJECT interrupt configuration register OxO00FO | R/W
INTERRUPT_COREO_DCACHE_PRELOAD_INT_MAP_REG DCACHE_PRELAQOD interrupt configuration register Ox00F4 | R/W
INTERRUPT_COREO_ICACHE_PRELOAD_INT_MAP_REG ICACHE_PRELOAD interrupt configuration register Ox00F8 | R/W
INTERRUPT_COREO_DCACHE_SYNC_INT_MAP_REG DCACHE_SYNC interrupt configuration register OxO00FC | R/W
INTERRUPT_COREOQ_ICACHE_SYNC_INT_MAP_REG ICACHE_SYNC interrupt configuration register 0x0100 | R/W
INTERRUPT_COREO_APB_ADC_INT_MAP_REG APB_ADC interrupt configuration register 0x0104 | R/W
INTERRUPT_COREO_DMA_IN_CHO_INT_MAP_REG DMA_IN_CHO interrupt configuration register 0x0108 | R/W
INTERRUPT_COREO_DMA_IN_CH1_INT_MAP_REG DMA_IN_CH1 interrupt configuration register 0x010C | R/W
INTERRUPT_COREO_DMA_IN_CH2_INT_MAP_REG DMA_IN_CH2 interrupt configuration register 0x0110 | R/W
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Name Description Address | Access
INTERRUPT_COREQO_DMA_IN_CHS3_INT_MAP_REG DMA_IN_CHS interrupt configuration register 0x0114 | R/W
INTERRUPT_COREO_DMA_IN_CH4_INT_MAP_REG DMA_IN_CH4 interrupt configuration register 0x0118 | R/W
INTERRUPT_COREO_DMA_OUT_CHO_INT_MAP_REG DMA_OUT_CHO interrupt configuration register 0x011C | R/W
INTERRUPT_COREO_DMA_OUT_CH1_INT_MAP_REG DMA_OUT_CH1 interrupt configuration register 0x0120 | R/W
INTERRUPT_COREO_DMA_OUT_CH2_INT_MAP_REG DMA_OUT_CH2 interrupt configuration register 0x0124 | R/W
INTERRUPT_COREO_DMA_OUT_CH3_INT_MAP_REG DMA_OUT_CH3 interrupt configuration register 0x0128 | R/W
INTERRUPT_COREO_DMA_OUT_CH4_INT_MAP_REG DMA_OUT_CH4 interrupt configuration register 0x012C | R/W
INTERRUPT_COREOQO_RSA_INT_MAP_REG RSA interrupt configuration register 0x0130 | R/W
INTERRUPT_COREO_AES_INT_MAP_REG AES interrupt configuration register 0x0134 | R/W
INTERRUPT_COREOQ_SHA_INT_MAP_REG SHA interrupt configuration register 0x0138 | R/W
INTERRUPT_COREO_CPU_INTR_FROM_CPU_O0_MAP_REG CPU_INTR_FROM_CPU_OQ interrupt configuration register 0x013C | R/W
INTERRUPT_COREO_CPU_INTR_FROM_CPU_1_MAP_REG CPU_INTR_FROM_CPU_1 interrupt configuration register 0x0140 | R/W
INTERRUPT_COREOQO_CPU_INTR_FROM_CPU_2_MAP_REG CPU_INTR_FROM_CPU_2 interrupt configuration register 0x0144 | R/W
INTERRUPT_COREO_CPU_INTR_FROM_CPU_3_MAP_REG CPU_INTR_FROM_CPU_S interrupt configuration register 0x0148 | R/W
INTERRUPT_COREO_ASSIST_DEBUG_INTR_MAP_REG ASSIST_DEBUG interrupt configuration register 0x014C | R/W
INTERRUPT_COREO_DMA_APBPERI_PMS_MONITOR_VIOLATE_ | dma_pms_monitor_violatile interrupt configuration register 0x0150 | RAW
INTR_MAP_REG

INTERRUPT_COREO_CORE_O_IRAMO_PMS_MONITOR_VIOLATE | core0_IRamO_pms_monitor_violatile interrupt configuration register 0x0154 | RAW
_INTR_MAP_REG

INTERRUPT_COREO_CORE_0_DRAMO_PMS_MONITOR_VIOLATE| core0_DRamO_pms_monitor_violatile interrupt configuration register 0x0158 | RAW
_INTR_MAP_REG

INTERRUPT_COREQ_CORE_O_PIF_PMS_MONITOR_VIOLATE_ core0_PIF_pms_monitor_violatile interrupt configuration register 0x015C | RAW
INTR_MAP_REG

INTERRUPT_COREQ_CORE_O_PIF_PMS_MONITOR_VIOLATE_ coreQ_PIF_pms_monitor_violatile_size interrupt configuration regis- w0160 | RAW
SIZE_INTR_MAP_REG ter

INTERRUPT_COREO_CORE_1_IRAMO_PMS_MONITOR_VIOLATE_| core1_IRam0_pms_monitor_violatile interrupt configuration register w0164 | RAW
INTR_MAP_REG

INTERRUPT_COREO_CORE_1_DRAMO_PMS_MONITOR_VIOLATE| core1_DRamO_pms_monitor_violatile interrupt configuration register 0x0168 | RAW

_INTR_MAP_REG
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Name Description Address | Access

INTERRUPT_COREQ_CORE_1_PIF_PMS_MONITOR_VIOLATE_ corel1_PIF_pms_monitor_violatile interrupt configuration register 016G | RAW

INTR_MAP_REG

INTERRUPT_COREO_CORE_1_PIF_PMS_MONITOR_VIOLATE_ corel_PIF_pms_monitor_violatile_size interrupt configuration regis- 0170 | RAW

SIZE_INTR_MAP_REG ter

INTERRUPT_COREO_BACKUP_PMS_VIOLATE_INTR_MAP_REG | BACKUP_PMS_MONITOR_VIOLATILE interrupt configuration regis- | Ox0174 | R/W

ter

INTERRUPT_COREO_CACHE_COREQ_ACS_INT_MAP_REG CACHE_COREO_ACS interrupt configuration register 0x0178 | R/W

INTERRUPT_COREO_CACHE_CORE1_ACS_INT_MAP_REG CACHE_CORE1_ACS interrupt configuration register 0x017C | R/W

INTERRUPT_COREO_USB_DEVICE_INT_MAP_REG USB_DEVICE interrupt configuration register 0x0180 | R/W

INTERRUPT_COREO_PERI_BACKUP_INT_MAP_REG PERI_BACKUP interrupt configuration register 0x0184 | R/W

INTERRUPT_COREO_DMA_EXTMEM_REJECT_INT_MAP_REG DMA_EXTMEM_REJECT interrupt configuration register 0x0188 | R/W

Status Registers

INTERRUPT_COREOQ_INTR_STATUS_0_REG Interrupt status register 0x018C | RO

INTERRUPT_COREQ_INTR_STATUS_1_REG Interrupt status register 0x0190 | RO

INTERRUPT_COREO_INTR_STATUS_2_REG Interrupt status register 0x0194 | RO

INTERRUPT_COREQ_INTR_STATUS_3_REG Interrupt status register 0x0198 | RO

Clock Register

INTERRUPT_COREO_CLOCK_GATE_REG | Clock gate register | 0x019C | RW

Version Register

INTERRUPT_COREO_DATE_REG | Version control register | 0x07FC | R/W
9.4.2 CPU1 Interrupt Register Summary

Name Description Address | Access

Configuration Registers

INTERRUPT_CORE1_MAC_INTR_MAP_REG MAC interrupt configuration register 0x0800 | R/W

INTERRUPT_CORE1_MAC_NMI_MAP_REG MAC_NMI interrupt configuration register 0x0804 | R/W

INTERRUPT_CORE1_PWR_INTR_MAP_REG PWR interrupt configuration register 0x0808 | R/W

INTERRUPT_CORE1_BB_INT_MAP_REG BB interrupt configuration register 0x080C | R/W
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Name Description Address | Access
INTERRUPT_CORE1_BT_MAC_INT_MAP_REG BB_MAC interrupt configuration register 0x0810 | R/W
INTERRUPT_CORE1_BT_BB_INT_MAP_REG BT_BB interrupt configuration register 0x0814 | R/W
INTERRUPT_CORE1_BT_BB_NMI_MAP_REG BT_BB_NMI interrupt configuration register 0x0818 | R/W
INTERRUPT_CORE1_RWBT_IRQ_MAP_REG RWBT_IRQ interrupt configuration register 0x081C | R/W
INTERRUPT_CORE1_RWBLE_IRQ_MAP_REG RWBLE_IRQ interrupt configuration register 0x0820 | R/W
INTERRUPT_CORE1_RWBT_NMI_MAP_REG RWBT_NMI interrupt configuration register 0x0824 | R/W
INTERRUPT_CORE1_RWBLE_NMI_MAP_REG RWBLE_NMI interrupt configuration register 0x0828 | R/W
INTERRUPT_CORE1_I2C_MST_INT_MAP_REG 12C_MST interrupt configuration register 0x082C | R/W
INTERRUPT_CORE1_UHCIO_INTR_MAP_REG UHCIO interrupt configuration register 0x0838 | R/W
INTERRUPT_CORE1_GPIO_INTERRUPT_CPU_MAP_REG GPIO_INTERRUPT_CPU interrupt configuration register 0x0840 | R/W
INTERRUPT_CORE1_GPIO_INTERRUPT_CPU_NMI_MAP_REG GPIO_INTERRUPT_CPU_NMI Interrupt configuration register 0x0844 | R/W
INTERRUPT_CORE1_SPI_INTR_1_MAP_REG SPI_INTR_1 interrupt configuration register 0x0850 | R/W
INTERRUPT_CORE1_SPI_INTR_2_MAP_REG SPI_INTR_2 interrupt configuration register 0x0854 | R/W
INTERRUPT_CORE1_SPI_INTR_3_MAP_REG SPI_INTR_3 interrupt configuration register 0x0858 | R/W
INTERRUPT_CORE1_LCD_CAM_INT_MAP_REG LCD_CAM interrupt configuration register 0x0860 | R/W
INTERRUPT_CORE1_I2S0_INT_MAP_REG 12S0 interrupt configuration register 0x0864 | R/W
INTERRUPT_CORE1_I2S1_INT_MAP_REG 1251 interrupt configuration register 0x0868 | R/W
INTERRUPT_CORE1_UART_INTR_MAP_REG UART interrupt configuration register 0x086C | R/W
INTERRUPT_CORE1_UART1_INTR_MAP_REG UART1 interrupt configuration register 0x0870 | R/W
INTERRUPT_CORE1_UART2_INTR_MAP_REG UART2 interrupt configuration register 0x0874 | R/W
INTERRUPT_CORE1_SDIO_HOST_INTERRUPT_MAP_REG SDIO_HOST interrupt configuration register 0x0878 | R/W
INTERRUPT_CORE1_PWMO_INTR_MAP_REG PWMO interrupt configuration register 0x087C | R/W
INTERRUPT_CORE1_PWM1_INTR_MAP_REG PWM1 interrupt configuration register 0x0880 | R/W
INTERRUPT_CORE1_LEDC_INT_MAP_REG LEDC interrupt configuration register 0x088C | R/W
INTERRUPT_CORE1_EFUSE_INT_MAP_REG EFUSE interrupt configuration register 0x0890 | R/W
INTERRUPT_CORE1_TWAI_INT_MAP_REG TWAI interrupt configuration register 0x0894 | R/W
INTERRUPT_CORE1_USB_INTR_MAP_REG USB interrupt configuration register 0x0898 | R/W
INTERRUPT_CORE1_RTC_CORE_INTR_MAP_REG RTC_CORE interrupt configuration register 0x089C | R/W
INTERRUPT_CORE1_RMT_INTR_MAP_REG RMT interrupt configuration register 0x08A0 | R/W
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Name Description Address | Access
INTERRUPT_CORE1_PCNT_INTR_MAP_REG PCNT interrupt configuration register Ox08A4 | R/W
INTERRUPT_CORE1_I2C_EXTO_INTR_MAP_REG 12C_EXTO interrupt configuration register Ox08A8 | R/W
INTERRUPT_CORE1_I2C_EXT1_INTR_MAP_REG 12C_EXT1 interrupt configuration register Ox08AC | R/W
INTERRUPT_CORE1_TG_T1_INT_MAP_REG TG_T1 interrupt configuration register 0x08CC | R/W
INTERRUPT_CORE1_TG_WDT_INT_MAP_REG TG_WDT interrupt configuration register 0x08D0 | R/W
INTERRUPT_CORE1_TG1_TO_INT_MAP_REG TG1_TO interrupt configuration register 0x08D4 | R/W
INTERRUPT_CORE1_TG1_T1_INT_MAP_REG TG1_T1 interrupt configuration register 0x08D8 | R/W
INTERRUPT_CORE1_TG1_WDT_INT_MAP_REG TG1_WDT interrupt configuration register 0x08DC | R/W
INTERRUPT_CORE1_CACHE_IA_INT_MAP_REG CACHE_IA interrupt configuration register OxO08EO0 | R/W
INTERRUPT_CORE1_SYSTIMER_TARGETO_INT_MAP_REG SYSTIMER_TARGETO interrupt configuration register Ox08E4 | R/W
INTERRUPT_CORE1_SYSTIMER_TARGET1_INT_MAP_REG SYSTIMER_TARGET1 interrupt configuration register OxO08E8 | R/W
INTERRUPT_CORE1_SYSTIMER_TARGET2_INT_MAP_REG SYSTIMER_TARGET2 interrupt configuration register OxO08EC | R/W
INTERRUPT_CORE1_SPI_MEM_REJECT_INTR_MAP_REG SPI_MEM_REJECT interrupt configuration register Ox08F0 | R/W
INTERRUPT_CORE1_DCACHE_PRELOAD_INT_MAP_REG DCACHE_PRELAQOD interrupt configuration register Ox08F4 | R/W
INTERRUPT_CORE1_ICACHE_PRELOAD_INT_MAP_REG ICACHE_PRELOAD interrupt configuration register Ox08F8 | R/W
INTERRUPT_CORE1_DCACHE_SYNC_INT_MAP_REG DCACHE_SYNC interrupt configuration register Ox08FC | R/W
INTERRUPT_CORE1_ICACHE_SYNC_INT_MAP_REG ICACHE_SYNC interrupt configuration register 0x0900 | R/W
INTERRUPT_CORE1_APB_ADC_INT_MAP_REG APB_ADC interrupt configuration register 0x0904 | R/W
INTERRUPT_CORE1_DMA_IN_CHO_INT_MAP_REG DMA_IN_CHO interrupt configuration register 0x0908 | R/W
INTERRUPT_CORE1_DMA_IN_CH1_INT_MAP_REG DMA_IN_CH1 interrupt configuration register 0x090C | R/W
INTERRUPT_CORE1_DMA_IN_CH2_INT_MAP_REG DMA_IN_CH2 interrupt configuration register 0x0910 | R/W
INTERRUPT_CORE1_DMA_IN_CHS_INT_MAP_REG DMA_IN_CH3 interrupt configuration register 0x0914 | R/W
INTERRUPT_CORE1_DMA_IN_CH4_INT_MAP_REG DMA_IN_CH4 interrupt configuration register 0x0918 | R/W
INTERRUPT_CORE1_DMA_OQOUT_CHO_INT_MAP_REG DMA_OUT_CHO interrupt configuration register 0x091C | R/W
INTERRUPT_CORE1_DMA_OUT_CH1_INT_MAP_REG DMA_OUT_CH1 interrupt configuration register 0x0920 | R/W
INTERRUPT_CORE1_DMA_OUT_CH2_INT_MAP_REG DMA_OUT_CH2 interrupt configuration register 0x0924 | R/W
INTERRUPT_CORE1_DMA_OUT_CHS_INT_MAP_REG DMA_OUT_CHS interrupt configuration register 0x0928 | R/W
INTERRUPT_CORE1_DMA_OUT_CH4_INT_MAP_REG DMA_OUT_CH4 interrupt configuration register 0x092C | R/W
INTERRUPT_CORE1_RSA_INT_MAP_REG RSA interrupt configuration register 0x0930 | R/W
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INTERRUPT_CORE1_AES_INT_MAP_REG AES interrupt configuration register 0x0934 | R/W

INTERRUPT_CORE1_SHA_INT_MAP_REG SHA interrupt configuration register 0x0938 | R/W

INTERRUPT_CORE1_CPU_INTR_FROM_CPU_0_MAP_REG CPU_INTR_FROM_CPU_O interrupt configuration register 0x093C | R/W

INTERRUPT_CORE1_CPU_INTR_FROM_CPU_1_MAP_REG CPU_INTR_FROM_CPU_1 interrupt configuration register 0x0940 | R/W

INTERRUPT_CORE1_CPU_INTR_FROM_CPU_2_MAP_REG CPU_INTR_FROM_CPU_2 interrupt configuration register 0x0944 | R/W

INTERRUPT_CORE1_CPU_INTR_FROM_CPU_3_MAP_REG CPU_INTR_FROM_CPU_3 interrupt configuration register 0x0948 | R/W

INTERRUPT_CORE1_ASSIST_DEBUG_INTR_MAP_REG ASSIST_DEBUG interrupt configuration register 0x094C | R/W

INTERRUPT_CORE1_DMA_APBPERI_PMS_MONITOR_VIOLATE_ | dma_pms_monitor_violatile interrupt configuration register 00950 | RAW

INTR_MAP_REG

INTERRUPT_CORE1_CORE_0_IRAMO_PMS_MONITOR_VIOLATE | core0_IRam0_pms_monitor_violatile interrupt configuration register 0954 | RAW

_INTR_MAP_REG

INTERRUPT_CORE1_CORE_0_DRAMO_PMS_MONITOR_VIOLATE| core0_DRamO_pms_monitor_violatile interrupt configuration register 0x0958 | RAW

_INTR_MAP_REG

INTERRUPT_CORE1_CORE_O_PIF_PMS_MONITOR_VIOLATE_ core0_PIF_pms_monitor_violatile interrupt configuration register 0x095C | RAW

INTR_MAP_REG

INTERRUPT_CORE1_CORE_O_PIF_PMS_MONITOR_VIOLATE_ coreO_PIF_pms_monitor_violatile_size interrupt configuration regis- 0x0960 | RAW

SIZE_INTR_MAP_REG ter

INTERRUPT_CORE1_CORE_1_IRAMO_PMS_MONITOR_VIOLATE_| core1_IRam0_pms_monitor_violatile interrupt configuration register 0x0964 | RAW

INTR_MAP_REG

INTERRUPT_CORE1_CORE_1_DRAMO_PMS_MONITOR_VIOLATE| core1_DRamO_pms_monitor_violatile interrupt configuration register 0968 | RAW

_INTR_MAP_REG

INTERRUPT_CORE1_CORE_1_PIF_PMS_MONITOR_VIOLATE_ corel1_PIF_pms_monitor_violatile interrupt configuration register 096G | RAW

INTR_MAP_REG

INTERRUPT_CORE1_CORE_1_PIF_PMS_MONITOR_VIOLATE_ core1_PIF_pms_monitor_violatile_size interrupt configuration regis- 0x0970 | RAW

SIZE_INTR_MAP_REG ter

INTERRUPT_CORE1_BACKUP_PMS_VIOLATE_INTR_MAP_REG | BACKUP_PMS_MONITOR_VIOLATILE interrupt configuration regis- | 0x0974 | R/W
ter

INTERRUPT_CORE1_CACHE_COREO_ACS_INT_MAP_REG CACHE_COREO_ACS interrupt configuration register REG 0x0978 | R/W

INTERRUPT_CORE1_CACHE_CORE1_ACS_INT_MAP_REG CACHE_CORE1_ACS interrupt configuration register REG 0x097C | R/W
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Name Description Address | Access
INTERRUPT_CORE1_USB_DEVICE_INT_MAP_REG USB_DEVICE interrupt configuration register 0x0980 | R/W
INTERRUPT_CORE1_PERI_BACKUP_INT_MAP_REG PERI_BACKUP interrupt configuration register 0x0984 | R/W
INTERRUPT_CORE1_DMA_EXTMEM_REJECT_INT_MAP_REG DMA_EXTMEM_REJECT interrupt configuration register 0x0988 | R/W
Status Registers

INTERRUPT_CORE1_INTR_STATUS_0_REG Interrupt status register 0x098C | RO
INTERRUPT_CORE1_INTR_STATUS_1_REG Interrupt status register 0x0990 | RO
INTERRUPT_CORE1_INTR_STATUS_2_REG Interrupt status register 0x0994 | RO
INTERRUPT_CORE1_INTR_STATUS_3_REG Interrupt status register 0x0998 | RO
Clock Register

INTERRUPT_CORE1_CLOCK_GATE_REG | Clock gate register | 0x099C | R/W
Version Register

INTERRUPT_CORE1_DATE_REG | Version control register | OXOFFC | R/W
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9.5 Registers
9.5.1 CPUO Interrupt Registers

Register 9.1. INTERRUPT_COREO_MAC_INTR_MAP_REG (0x0000)
Register 9.2. INTERRUPT_COREO_VAC_NVI_MAP_REG (0x0004)
Register 9.3. INTERRUPT_COREO_F\WR_INTR_MAP_REG (0x0008)
Register 9.4. INTERRUPT_COREO_55_/NT_MAP_REG (0x000C)
Register 9.5. INTERRUPT_COREO_S7_MAC_INT_MAP_REG (0x0010)
Register 9.6. INTERRUPT_COREO_S/_B5_/INT_MAP_REG (0x0014)
Register 9.7. INTERRUPT_COREO_57_55_NMI_MAP_REG (0x0018)
Register 9.8. INTERRUPT_COREO_~WET_/RQ_MAP_REG (0x001C)
Register 9.9. INTERRUPT_COREO_~WBLE_IRQ_MAP_REG (0x0020)
Register 9.10. INTERRUPT_COREO_RIW/BT_/NM/_MAP_REG (0x0024)
Register 9.11. INTERRUPT_COREO_~WBLE_NMI_MAP_REG (0x0028)
Register 9.12. INTERRUPT_COREO_2C_MST_INT_MAP_REG (0x002C)
Register 9.13. INTERRUPT_COREO_UHCIO_INTR_MAP_REG (0x0038)
Register 9.14. INTERRUPT_COREO_GF/O_INTERRUPT_CPU_MAP_REG (0x0040)
Register 9.15. INTERRUPT_COREOQ_GFIO_INTERRUPT_CPU_NMI_MAP_REG (0x0044)
Register 9.16. INTERRUPT_COREO_SF/_/NTR_1_MAP_REG (0x0050)
Register 9.17. INTERRUPT_COREO_SF/_/NTR_2_MAP_REG (0x0054)
Register 9.18. INTERRUPT_COREO_SF/_/NTR_3_MAP_REG (0x0058)
Register 9.19. INTERRUPT_COREOQ_(L CD_CAM_INT_MAP_REG (0x0060)
Register 9.20. INTERRUPT_COREOQ_/2S0_INT_MAP_REG (0x0064)
Register 9.21. INTERRUPT_COREOQ_/2S57_/NT_MAP_REG (0x0068)
Register 9.22. INTERRUPT_COREO_UART_INTR_MAP_REG (0x006C)
Register 9.23. INTERRUPT_COREOQO_UARTT_INTR_MAP_REG (0x0070)
Register 9.24. INTERRUPT_COREO_UART2_INTR_MAP_REG (0x0074)
Register 9.25. INTERRUPT_COREOQO_SD/O_HOST_INTERRUPT_MAP_REG (0x0078)
Register 9.26. INTERRUPT_COREOQ_FPWNO_INTR_MAP_REG (0x007C)
Register 9.27. INTERRUPT_COREO_FPWNMT1_INTR_MAP_REG (0x0080)
Register 9.28. INTERRUPT_COREO_LEDC_INT_MAP_REG (0x008C)
Register 9.29. INTERRUPT_COREO_EFUSE_INT_MAP_REG (0x0090)
Register 9.30. INTERRUPT_COREOQ_/WA/_INT_MAP_REG (0x0094)
Register 9.31. INTERRUPT_COREOQ_USB_/NTR_MAP_REG (0x0098)
Register 9.32. INTERRUPT_COREOQO_R7C_CORE_INTR_MAP_REG (0x009C)
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Register 9.33. INTERRUPT_COREO_RMT_/INTR_MAP_REG (0x00AQ)
Register 9.34. INTERRUPT_COREO_FPCNT_INTR_MAP_REG (0x00A4)
Register 9.35. INTERRUPT_COREOQ_/2C_EXTO_INTR_MAP_REG (0x00A8)
Register 9.36. INTERRUPT_COREOQ_/2C_EXT7_INTR_MAP_REG (0x00AC)
Register 9.37. INTERRUPT_COREO_/G_70_INT_MAP_REG (0x00C8)
Register 9.38. INTERRUPT_COREOQ_/G_77_/INT_MAP_REG (0x00CC)
Register 9.39. INTERRUPT_COREO_/G_WDT_INT_MAP_REG (0x00DO0)
Register 9.40. INTERRUPT_COREO_/G7_70_INT_MAP_REG (0x00D4)
Register 9.41. INTERRUPT_COREOQ_/G7_/7_/INT_MAP_REG (0x00D8)
Register 9.42. INTERRUPT_COREOQ_/G7_WDT_INT_MAP_REG (0x00DC)
Register 9.43. INTERRUPT_COREO_CACHE_IA_INT_MAP_REG (0x00EQ)
Register 9.44. INTERRUPT_COREO_SYSTIMER_TARGETO_INT_MAP_REG (0x00E4)
Register 9.45. INTERRUPT_COREO_SYSTIMER_TARGETT_INT_MAP_REG (0x00ES8)
Register 9.46. INTERRUPT_COREOQ_SYSTIVER_TARGETZ_INT_MAP_REG (0x00EC)
Register 9.47. INTERRUPT_COREOQ_SF/_MEM_REJECT_INTR_MAP_REG (0x00FO0)
Register 9.48. INTERRUPT_COREOQ_DCACHE_FPRELOAD_INT_MAP_REG (0x00F4)
Register 9.49. INTERRUPT_COREOQ_/CACHE_PRELOAD_INT_MAP_REG (0x00F8)
Register 9.50. INTERRUPT_COREO_DCACHE_SYNC_INT_MAP_REG (0x00FC)
Register 9.51. INTERRUPT_COREQ_/CACHE_SYNC_INT_MAP_REG (0x0100)
Register 9.52. INTERRUPT_COREOQO_AFPB_ADC_INT_MAP_REG (0x0104)
Register 9.53. INTERRUPT_COREOQ_DMA_IN_CHO_INT_MAP_REG (0x0108)
Register 9.54. INTERRUPT_COREOQO_DMA_IN_CH1_INT_MAP_REG (0x010C)
Register 9.55. INTERRUPT_COREOQ_DMA_IN_CHZ2_INT_MAP_REG (0x0110)
Register 9.56. INTERRUPT_COREO_DMA_IN_CHS_INT_MAP_REG (0x0114)
Register 9.57. INTERRUPT_COREO_DMA_IN_CH4_INT_MAP_REG (0x0118)
Register 9.58. INTERRUPT_COREO_DMA_OUT_CHO_INT_MAP_REG (0x011C)
Register 9.59. INTERRUPT_COREO_DMA_OUT_CH1_INT_MAP_REG (0x0120)
Register 9.60. INTERRUPT_COREOQ_DMA_OUT_CHZ2_INT_MAP_REG (0x0124)
Register 9.61. INTERRUPT_COREO_DMA_OUT_CHS_INT_MAP_REG (0x0128)
Register 9.62. INTERRUPT_COREOQ_DMA_OUT_CH4_INT_MAP_REG (0x012C)
Register 9.63. INTERRUPT_COREOQO_RSA_INT_MAP_REG (0x0130)
Register 9.64. INTERRUPT_COREO_ALS_/NT_MAP_REG (0x0134)
Register 9.65. INTERRUPT_COREOQ_SHA_/INT_MAP_REG (0x0138)
Register 9.66. INTERRUPT_COREO_CFPU_INTR_FROM_CPU_O_MAP_REG (0x013C)
Register 9.67. INTERRUPT_COREOQO_CPU_INTR_FROM_CPU_1_MAP_REG (0x0140)
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Register 9.68. INTERRUPT_COREOQO_CPU_INTR_FROM_CPU_2_MAP_REG (0x0144)
Register 9.69. INTERRUPT_COREOQO_CPU_INTR_FROM_CPU_3_MAP_REG (0x0148)
Register 9.70. INTERRUPT_COREOQ_ASSIST_DEBUG_INTR_MAP_REG (0x014C)

Register 9.71. INTERRUPT_COREOQ_DMA_APBPERI_PMS_MONITOR_VIOLATE_INTR_MAP_REG (0x0150)
Register 9.72. INTERRUPT_COREOQ_CORE_O_IRAMO_PMS_MONITOR_VIOLATE_INTR_MAP_REG (0x0154)
Register 9.73. INTERRUPT_COREO_CORE_0_DRAMO_PMS_MONITOR_VIOLATE_INTR_MAP_REG (0x0158)

Register 9.74. INTERRUPT_COREO_CORE_O_FIF_PMS_MONITOR_VIOLATE_INTR_MAP_REG (0x015C)
Register 9.75. INTERRUPT_COREO_CORE_O_FIF_PMS_MONITOR_VIOLATE_SIZE_INTR_MAP_REG (0x0160)
Register 9.76. INTERRUPT_COREOQ_CORE_1_IRAMO_PMS_MONITOR_VIOLATE_INTR_MAP_REG (0x0164)
Register 9.77. INTERRUPT_COREOQ_CORE_1_DRAMO_PMS_MONITOR_VIOLATE_INTR_MAP_REG (0x0168)
Register 9.78. INTERRUPT_COREOQO_CORE_1_FIF_PMS_MONITOR_VIOLATE_INTR_MAP_REG (0x016C)
Register 9.79. INTERRUPT_COREO_CORE_1_FIF_PMS_MONITOR_VIOLATE_SIZE_INTR_MAP_REG (0x0170)
Register 9.80. INTERRUPT_COREOQ_BACKUP_PMS_VIOLATE_INTR_MAP_REG (0x0174)

Register 9.81. INTERRUPT_COREO_CACHE_COREO_ACS_INT_MAP_REG (0x0178)

Register 9.82. INTERRUPT_COREOQ_CACHE_CORET_ACS_INT_MAP_REG (0x017C)
Register 9.83. INTERRUPT_COREOQ_USB_DEVICE_INT_MAP_REG (0x0180)
Register 9.84. INTERRUPT_COREO_FERI_BACKUP_INT_MAP_REG (0x0184)

Register 9.85. INTERRUPT_COREO_DMA_EXTMEM_REJECT_INT_MAP_REG (0x0188)

<
Q//
7/
§°
<&
s
&
@é\ Qo
9‘2’(\\ &
N =
\31 5|4 o\
\ooooooooooooooooooooooooooo| 16 \Reset

INTERRUPT_COREO_SOURCE_Y_MAP Map interrupt signal of Source_Y to one of CPUO external
interrupt, can be configured as 0~ 5, 8~ 10, 12~ 14, 17 ~ 28, 30 ~ 31. The remaining values are

invalid. For Source_Y, see Table 9-1. (R/W)
Register 9.86. INTERRUPT_COREO_INTR_STATUS_0_REG (0x018C)

&7
N
&
Q\é&
OQ(\(/
O
A 7
N
&
S
o]

‘ Reset

‘ 31
0x000000

INTERRUPT_COREO_INTR_STATUS_0 This register stores the status of the first 32 interrupt

sources. (RO)
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Register 9.87. INTERRUPT_COREO_INTR_STATUS_1_REG (0x0190)

il
R
&
N
€
O
A 7
N
&
S
’ 31 0 ‘
’ 0x000000 ‘ Reset

INTERRUPT_COREO_INTR_STATUS_1 This register stores the status of the second 32 interrupt
sources. (RO)

Register 9.88. INTERRUPT_COREO_INTR_STATUS_2_REG (0x0194)

%/
&
&
N
Q/ 7/
Q\
N &
\)Q 7/
(g?*
S
’ 31 0 ‘
’ 0x000000 \ Reset

INTERRUPT_COREO_INTR_STATUS_2 This register stores the status of the third 32 interrupt
sources. (RO)

Register 9.89. INTERRUPT_COREO_INTR_STATUS_3_REG (0x0198)

o2
&
oS
&
O
&
&
&
S
’ 31 0 ‘
’ 0x000000 \ Reset

INTERRUPT_COREO_INTR_STATUS_3 This register stores the status of the last 3 interrupt sources.
(RO)
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Register 9.90. INTERRUPT_COREO_CLOCK_GATE_REG (0x019C)

(o]
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

1 ‘Reset

INTERRUPT_COREO_CLK_EN This register is used to control clock-gating of interrupt matrix. (R/W)

Register 9.91. INTERRUPT_COREO_DATE_REG (0x07FC)

\o 0 o0 0| 0x2012300 \Reset

INTERRUPT_COREO_INTERRUPT_DATE Version control register (R/W)

9.5.2 CPU1 Interrupt Registers

Register 9.92. INTERRUPT_CORE1_MAC_INTR_MAP_REG (0x0800)
Register 9.93. INTERRUPT_CORE1_MAC_NVI_MAP_REG (0x0804)
Register 9.94. INTERRUPT_CORE1_FPW/R_INTR_MAP_REG (0x0808)
Register 9.95. INTERRUPT_CORE1_585_/N/_MAP_REG (0x080C)
Register 9.96. INTERRUPT_CORE1_B7_MAC_INT_MAP_REG (0x0810)
Register 9.97. INTERRUPT_CORE1_B87_B5_/INT_MAP_REG (0x0814)
Register 9.98. INTERRUPT_CORE1_57_B5_NMVI_MAP_REG (0x0818)
Register 9.99. INTERRUPT_CORE1_RWET_/RQ_MAP_REG (0x081C)
Register 9.100. INTERRUPT_CORE1_RWELE_IRQ_MAP_REG (0x0820)
Register 9.101. INTERRUPT_CORE1_RWET_NVI_MAP_REG (0x0824)
Register 9.102. INTERRUPT_CORE1_R\WBLE_NMI_MAP_REG (0x0828)
Register 9.103. INTERRUPT_CORE1_/2C_MST_INT_MAP_REG (0x082C)
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Register 9.104. INTERRUPT_CORE1_UHCIO_INTR_MAP_REG (0x0838)
Register 9.105. INTERRUPT_CORE1_GFIO_INTERRUPT_CFPU_MAP_REG (0x0840)
Register 9.106. INTERRUPT_CORE1_GFPIO_INTERRUPT_CPU_NMI_MAP_REG (0x0844)
Register 9.107. INTERRUPT_CORE1_SF/_/NTR_1_MAP_REG (0x0850)
Register 9.108. INTERRUPT_CORE1_SF/_INTR_2_MAP_REG (0x0854)
Register 9.109. INTERRUPT_CORE1_SF/_INTR_3_MAP_REG (0x0858)
Register 9.110. INTERRUPT_CORE1_LCD_CAM_INT_MAP_REG (0x0860)
Register 9.111. INTERRUPT_CORE1_/2S0_/NT_MAP_REG (0x0864)
Register 9.112. INTERRUPT_CORE1_2S57_INT_MAP_REG (0x0868)
Register 9.113. INTERRUPT_CORE1_UART_INTR_MAP_REG (0x086C)
Register 9.114. INTERRUPT_CORE1_UARTT_INTR_MAP_REG (0x0870)
Register 9.115. INTERRUPT_CORE1_UART2_INTR_MAP_REG (0x0874)
Register 9.116. INTERRUPT_CORE1_SD/IO_HOST_INTERRUPT_MAP_REG (0x0878)
Register 9.117. INTERRUPT_CORE1_FPWNMO_INTR_MAP_REG (0x087C)
Register 9.118. INTERRUPT_CORE1_FPVW\71_INTR_MAP_REG (0x0880)
Register 9.119. INTERRUPT_CORE1_L£EDC_/NT_MAP_REG (0x088C)
Register 9.120. INTERRUPT_CORE1_EFUSE_INT_MAP_REG (0x0890)
Register 9.121. INTERRUPT_CORE1_/WA/_INT_MAP_REG (0x0894)
Register 9.122. INTERRUPT_CORE1_USB_INTR_MAP_REG (0x0898)
Register 9.123. INTERRUPT_CORE1_RTC_CORE_INTR_MAP_REG (0x089C)
Register 9.124. INTERRUPT_CORE1_~MT_INTR_MAP_REG (0x08A0)
Register 9.125. INTERRUPT_CORE1_FPCNT_INTR_MAP_REG (0x08A4)
Register 9.126. INTERRUPT_CORE1_/2C_£XTO_INTR_MAP_REG (0x08A8)
Register 9.127. INTERRUPT_CORE1_/2C_£XT1_INTR_MAP_REG (0x08AC)
Register 9.128. INTERRUPT_CORE1_/G_70_/INT_MAP_REG (0x08C8)
Register 9.129. INTERRUPT_CORE1_/G_T77_INT_MAP_REG (0x08CC)
Register 9.130. INTERRUPT_CORE1_/G_WDT_INT_MAP_REG (0x08D0)
Register 9.131. INTERRUPT_CORE1_/G7_T0_INT_MAP_REG (0x08D4)
Register 9.132. INTERRUPT_CORE1_/G7_77_INT_MAP_REG (0x08D8)
Register 9.133. INTERRUPT_CORE1_/G7_WDT_INT_MAP_REG (0x08DC)
Register 9.134. INTERRUPT_CORE1_CACHE_IA_INT_MAP_REG (0x08EO0)
Register 9.135. INTERRUPT_CORE1_SYSTIMER_TARGETO_INT_MAP_REG (0x08E4)
Register 9.136. INTERRUPT_CORE1_SYSTIMER_TARGETT_INT_MAP_REG (0x08E8)
Register 9.137. INTERRUPT_CORE1_SYSTIMER_TARGETZ_INT_MAP_REG (0x08EC)
Register 9.138. INTERRUPT_CORE1_SFP_MEM_REJECT_INTR_MAP_REG (0x08F0)
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Register 9.139. INTERRUPT_CORE1_DCACHE_FPRELOAD_INT_MAP_REG (0x08F4)
Register 9.140. INTERRUPT_CORE1_/CACHE_PRELOAD_INT_MAP_REG (0x08F8)
Register 9.141. INTERRUPT_CORE1_DCACHE_SYNC_INT_MAP_REG (0x08FC)
Register 9.142. INTERRUPT_CORE1_/CACHE_SYNC_INT_MAP_REG (0x0900)
Register 9.143. INTERRUPT_CORE1_AFPB_ADC_INT_MAP_REG (0x0904)
Register 9.144. INTERRUPT_CORE1_DMA_IN_CHO_INT_MAP_REG (0x0908)
Register 9.145. INTERRUPT_CORE1_DMA_IN_CH1_INT_MAP_REG (0x090C)
Register 9.146. INTERRUPT_CORE1_DMA_IN_CHZ2_INT_MAP_REG (0x0910)
Register 9.147. INTERRUPT_CORE1_DMA_IN_CH3_INT_MAP_REG (0x0914)
Register 9.148. INTERRUPT_CORE1_DMA_IN_CH4_INT_MAP_REG (0x0918)
Register 9.149. INTERRUPT_CORE1_DMA_OUT_CHO_INT_MAP_REG (0x091C)
Register 9.150. INTERRUPT_CORE1_DMA_OUT_CH1_INT_MAP_REG (0x0920)
Register 9.151. INTERRUPT_CORE1_DMA_OUT_CHZ2_INT_MAP_REG (0x0924)
Register 9.152. INTERRUPT_CORE1_DMA_OUT_CHS5_INT_MAP_REG (0x0928)
Register 9.153. INTERRUPT_CORE1_DMA_OUT_CH4_INT_MAP_REG (0x092C)
Register 9.154. INTERRUPT_CORE1_RSA_INT_MAP_REG (0x0930)
Register 9.155. INTERRUPT_CORE1_AES_INT_MAP_REG (0x0934)
Register 9.156. INTERRUPT_CORE1_SHA_INT_MAP_REG (0x0938)
Register 9.157. INTERRUPT_CORE1_CPU_INTR_FROM_CPU_O_MAP_REG (0x093C)
Register 9.158. INTERRUPT_CORE1_CPU_INTR_FROM_CPU_1_MAP_REG (0x0940)
Register 9.159. INTERRUPT_CORE1_CPU_INTR_FROM_CPU_2_MAP_REG (0x0944)
Register 9.160. INTERRUPT_CORE1_CPU_INTR_FROM_CPU_3_MAP_REG (0x0948)
Register 9.161. INTERRUPT_CORE1_ASSIST_DEBUG_INTR_MAP_REG (0x094C)

Register 9.162. INTERRUPT_CORE1_DMA_APBPERI_PMS_MONITOR_VIOLATE_INTR_MAP_REG (0x0950)
Register 9.163. INTERRUPT_CORE1_CORE_O_IRAMO_PMS_MONITOR_VIOLATE_INTR_MAP_REG (0x0954)
Register 9.164. INTERRUPT_CORE1_CORE_O_DRAMO_PMS_MONITOR_VIOLATE_INTR_MAP_REG (0x0958)
Register 9.165. INTERRUPT_CORE1_CORE_O_FIF_PMS_MONITOR_VIOLATE_INTR_MAP_REG (0x095C)

Register 9.166. INTERRUPT_CORE1_CORE_0_FIF_PMS_MONITOR_VIOLATE_SIZE_INTR_MAP_REG
(0x0960)

Register 9.167. INTERRUPT_CORE1_COFRE_T1_IRAMO_PMS_MONITOR_VIOLATE_INTR_MAP_REG (0x0964)
Register 9.168. INTERRUPT_CORE1_CORE_1_DRAMO_PMS_MONITOR_VIOLATE_INTR_MAP_REG (0x0968)
Register 9.169. INTERRUPT_CORE1_CORE_1_FIF_PMS_MONITOR_VIOLATE_INTR_MAP_REG (0x096C)

Register 9.170. INTERRUPT_CORE1_CORE_1_FIF_PMS_MONITOR_VIOLATE_SIZE_INTR_MAP_REG
(0x0970)

Register 9.171. INTERRUPT_CORE1_BACKUP_PMS_VIOLATE_INTR_MAP_REG (0x0974)
Register 9.172. INTERRUPT_CORE1_CACHE_COREO_ACS_INT_MAP_REG (0x0978)
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Register 9.173. INTERRUPT_CORE1_CACHE_CORET_ACS_INT_MAP_REG (0x097C)
Register 9.174. INTERRUPT_CORE1_USB_DEVICE_INT_MAP_REG (0x0980)
Register 9.175. INTERRUPT_CORE1_FER_BACKUP_INT_MAP_REG (0x0984)
Register 9.176. INTERRUPT_CORE1_DMA_EXTMEM_REJECT_INT_MAP_REG (0x0988)

Q
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& S
\ooooooooooooooooooooooooooo 16 \Reset
INTERRUPT_CORE1_SOURCE_Y_MAP Map interrupt signal of Source_Y to one of CPU1 external
interrupt, can be configuredas 0~ 5, 8 ~ 10, 12~ 14, 17 ~ 28, 30 ~ 31. The remaining values are
invalid. For Source_Y, see Table 9-1. (R/W)
Register 9.177. INTERRUPT_CORE1_INTR_STATUS_0_REG (0x098C)
X4
N
&
"
Q\
RS
Q 7
&
S
B |
‘ 0x000000 \ Reset
INTERRUPT_CORE1_INTR_STATUS_0 This register stores the status of the first 32 interrupt
sources. (RO)
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Register 9.178. INTERRUPT_CORE1_INTR_STATUS_1_REG (0x0990)

il
3
Q\/
S
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O
A 7
N
&
S
’ 31 0 ‘
’ 0x000000 ‘ Reset

INTERRUPT_CORE1_INTR_STATUS_1 This register stores the status of the second 32 interrupt
sources. (RO)

Register 9.179. INTERRUPT_CORE1_INTR_STATUS_2_REG (0x0994)

o%(’b
Q
NS
Q\/
S
Q/ 7/
Q\
/\QO
\)Q 7/
(g?*
S
’ 31 0 ‘
’ 0x000000 \ Reset

INTERRUPT_CORE1_INTR_STATUS_2 This register stores the status of the third 32 interrupt
sources. (RO)

Register 9.180. INTERRUPT_CORE1_INTR_STATUS_3_REG (0x0998)

o2
&
oS
&
O
&
&
&
S
’ 31 0 ‘
’ 0x000000 \ Reset

INTERRUPT_CORE1_INTR_STATUS_3 This register stores the status of the last 3 interrupt sources.
(RO)
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Register 9.181. INTERRUPT_CORE1_CLOCK_GATE_REG (0x099C)
%
52
o
Q;\/
&
L/
N4
s &
S K
N N
\ooooooooooooooooooooooooooooooo1\Reset
INTERRUPT_CORE1_CLK_EN This register is used to control clock-gating of interrupt matrix. (R/W)
Register 9.182. INTERRUPT_CORE1_DATE_REG (0x0FFC)
&
Q 7/
&
¢
¢
5 $
<° &
N &
\o 0 o0 0| 0x2012300 \Reset
INTERRUPT_CORE1_INTERRUPT_DATE Version control register. (R/W)
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10 Low-power Management (RTC_CNTL)

10.1 Introduction

ESP32-S3 has an advanced Power Management Unit (PMU), which can flexibly power up different power
domains of the chip, to achieve the best balance among chip performance, power consumption, and wakeup
latency. To simplify power management for typical scenarios, ESP32-S3 has predefined four power modes, which
are preset configurations that power up different combinations of power domains. On top of that, the chip also
allows the users to independently power up any particular power domain to meet more complex requirements.
ESP32-S3 has integrated two Ultra-Low-Power coprocessors (ULP co-processors), which allow the chip to work
when most of the power domains are powered down, thus achieving extremely low-power consumption.

10.2 Features
ESP32-S3’s low-power management supports the following features:
® Four predefined power modes to simplify power management for typical scenarios
e Up to 16 KB of retention memory (slow memory and fast memory)
® 8 x 32-bit retention registers
e RTC Boot supported for reduced wakeup latency
e ULP co-processors supported in all power modes

In this chapter, we first introduce the working process of ESP32-S3’s low-power management, then introduce
the predefined power modes of the chip, and at last, introduce the RTC boot of the chip.

10.3 Functional Description
ESP32-S3’s low-power management involves the following components:
e Power management unit: controls the power supply to three power domain categories
— Real Time Controller (RTC)
- Digital
- Analog

For a complete list of 10 power domains grouped in these three power domain categories, see Section
10.4.1.

e Power isolation unit: isolates different power domains, so powered up and powered down domains do not
affect each other.

e | ow-power clocks: provide clocks to power domains working in low-power modes.
® Timers:
— RTC timer: logs the status of the RTC main state machine in dedicated registers.

— ULP timer: wakes up the ULP co-processors at a predefined time. For details, please refer to Chapter
2 ULP Coprocessor (ULP-FSM, ULP-RISC-V).
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— Touch sensor timer: wakes up the touch sensor at a predefined time. For details, please refer to
Chapter 39 On-Chip Sensors and Analog Signal Processing.

8 x 32-bit “always-on” retention registers: These registers are always powered up and are not affected by
any low-power modes, thus can be used for storing data that cannot be lost.

e 22 X “always-on” pins: These pins are always powered up and not affected by any low-power modes. They
can be used as wakeup sources when the chip is working in the low-power modes (for details, please refer
to Section 10.4.4), or can be used as regular GPIOs (for details, please refer to Chapter 6 /0 MUX and GPIO
Matrix (GPIO, 10 MUX)).

e RTC slow memory: 8 KB SRAM that works under RTC fast clock (rtc_fast_clk), which can be used as
extended memory or to store ULP co-processor directives and data.

e RTC fast memory: 8 KB SRAM that works under CPU clock (CPU_CLK), which can be used as extended
memory.

® \/oltage regulators: regulate the power supply to different power domains.

The schematic diagram of ESP32-S3’s low-power management is shown in Figure 10-1.

VDD3P3_RTC VDD3P3_CPU VDDA VDDA  VDD3P3 VDD3P3

T ]

e [

g External Main Clock ‘
Low Power Digital System Flash —b{ Fast RC Oscillator ‘
Voltage Voltage Voltage
Regulator Regulator Regulator ‘ RF Circuits ‘
| Analog 1 [} Y ‘ ‘ Phase Lock Loop (PLL) ‘
\— —— = VDD_SPI
xpd_rtc_reg ||
xpd_dig_reg S T *4{ CPU ‘ ‘ ROM ‘
xpd_sdio_reg
xpd_ex_crystal — g } PD Peripherals Internal SRAMx
xpd_rc_oscillator Digital Core
o RTC
Peripherals
xpd_peri J P
xpd_cpu Bluetooth LE Bluetooth LE
Link Controller Baseband
xpd_pd_peri
xpd_dg_wra
pe-dg_wrap 4?/77 _ ‘ Wi-Fi MAG ‘ ‘ Wi-Fi Baseband ‘
xpd_wireless
E’ Wireless Mac and Baseband
Slow Memory
Power Management
Unit Fast Memory —_—
RTC Digital

Red lines represent power distribution

Figure 10-1. Low-power Management Schematics
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Note:
e For a complete list of all power domains and power domain categories, please check Section 10.4.1.

e Signals in the above diagram are described below:

xpd_rtc_reg:
* When RTC_CNTL_RTC_REGULATOR_FORCE_PU is set to 1, low power voltage regulator is always-on;

* Otherwise, the low power voltage regulator is off when chip enters Light-sleep and Deep-sleep modes.
In this case, the RTC domain is powered by an ultra low-power internal power source.

- xpd_dig_reg:
* When RTC_CNTL_DG_WRAP_PD_EN is enabled, the digital voltage regulator is off when the chip enters
Light-sleep and Deep-sleep modes;
* Otherwise, the digital voltage regulator is always on.
- Xpd_peri:
* When RTC_CNTL_RTC_PD_EN is enabled, RTC peripherals is off when chip enters Light-sleep and
Deep-sleep modes;
* Otherwise, the RTC peripherals are always on.
- Xpd_cpu:
* When RTC_CNTL_CPU_PD_EN is enabled, CPU is off when chip enters Light-sleep and Deep-sleep
modes;
* Otherwise, the CPU is always on.
- xpd_pd_peri:
* When RTC_CNTL_DG_PERI_PD_EN is enabled, the PD Peripherals are off when chip enters Light-sleep
and Deep-sleep modes;
* Otherwise, the PD peripherals are always on.
- xpd_dg_wrap: this signal is always the same with xpd_dig_reg.
— xpd_wireless:
* When RTC_CNTL_WIFI_PD_EN is enabled, the wireless circuit is off when chip enters Light-sleep and
Deep-sleep modes;
* Otherwise, the wireless circuit is always on.
- xpd_sdio_reg: see Section 10.3.4.3 below.
— Xxpd_ex_crystal:
* When RTC_CNTL_XTL_FORCE_PU is set to 1, the external main crystal clock is always-on;
* Otherwise, the external main crystal clock is off when chip enters Light-sleep and Deep-sleep modes.
— xpd_rc_oscilator:
* when RTC_CNTL_CK8M_FORCE_PU is set to 1, the fast RC oscillator is always-on;

* Otherwise, the fast RC oscillator is off when chip enters Light-sleep and Deep-sleep modes.

- RF Circuits and Phase Lock Loop (PLL) are controlled by internal signals and cannot be modified by users.

10.3.1 Power Management Unit

ESP32-S3’s power management unit controls the power supply to different power domains. The main
components of the power management unit include:

e RTC main state machine: generates power gating, clock gating, and reset signals.

e Power controllers: power up and power down different power domains, according to the power gating
signals from the main state machine.
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e Sleep / wakeup controllers: send sleep or wakeup requests to the RTC main state machine.
e Clock controller: selects and powers up / down clock sources.
e Protection Timer: controls the transition interval between main state machine states.

In ESP32-S3’s power management unit, the sleep / wakeup controllers send sleep or wakeup requests to the
RTC main state machine, which then generates power gating, clock gating, and reset signals. Then, the power
controller and clock controller power up and power down different power domains and clock sources, according
to the signals generated by the RTC main state machine, so that the chip enters or exits the low-power modes.
The main workflow is shown in Figure 10-2.

| Power Controllers

Clock {| Power Controller | ...... Power Controller | P
Controller : i Timer
A A A
cle 0 Sl Sl =12 gL
o ([ T |© S| T | ©
gls £l E[7 5|8 gw

RTC Main State Machine

4 A

>
»
>
»
|

sleep accept
wakeup
coprocessor
done
wakeup
touch done

Sleep Controller ULP Timer [—® ULP Coprocessor Touch Timer Touch Controller
trig trig

CPU wakeup

sleep reject
dnayem
dnayem

sleep EN

Wakeup Controller

Wakeup Source 1 ==+ Wakeup Source n

Figure 10-2. Power Management Unit Workflow

Note:
1. For a complete list of power domains, please refer to Section 10.4.1.

2. For a complete list of all the available wakeup sources, please refer to Table 10-5.

10.3.2 Low-Power Clocks

In general, ESP32-S3 powers down its external crystal XTAL_CLK and PLL to reduce power consumption when
working in low-power modes. During this time, the chip’s low-power clocks remain on to provide clocks to
different power domains, such as the power management unit, RTC peripherals, RTC fast memory, RTC slow
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memory, and wireless circuits in the digital domain.
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RC_FAST_DIV_CLK
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RTC Timer

ULP Timer
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Sensor Controller
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RTC Fast Clock
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Figure 10-3. RTC Clocks
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Table 10-1. Low-Power Clocks

Clock Type Clock Source Selection Option Effective for
XTAL32K_CLK Power management unit
RTC Slow Clock | RC_FAST_DIV_CLK RTC_CNTL_ANA_CLK_RTC_SEL RTC Timers
RC_SLOW_CLK (Default) ULP Timers
RC_FAST_CLK divided by n ULP co-processor
(Default) Sensor controller
RTC Fast Clock RTC_CNTL_FAST_CLK_RTC_SEL _
RTC registers
XTAL_DIV_CLK
RTC slow memory
XTAL32K_CLK SYSTEM_LPCLK_SEL_XTAL32K

RC_FAST_CLK divided by n | SYSTEM_LPCLK_SEL_8M

RTC_SLOW_CLK SYSTEM_LPCLK_SEL_RTC_SLOW
XTAL_CLK SYSTEM_LPCLK_SEL_XTAL

low-power modes

Wireless modules (Wi-Fi/BT) in the
Wireless Clock digital domain working in

For more detailed description about clocks, please refer to 7 Reset and Clock.

10.3.3 Timers

ESP32-S3’s low-power management uses 3 timers:
e RTC timer
o ULP timer
® Touch timer

This section only introduces the RTC timer. For detailed description of ULP timer, please refer to Chapters 2 ULP
Coprocessor (ULP-FSM, ULP-RISC-V). For detailed description of touch timer, please refer to Chapters 39
On-Chip Sensors and Analog Signal Processing.

The readable 48-bit RTC timer is a real-time counter (using RTC slow clock) that can be configured to log the
time when one of the following events happens. For details, see Table 10-2.

Table 10-2. The Triggering Conditions for the RTC Timer

Enabling Options Triggering Conditions
RTC main state machine powers down or XTAL_CLK crystal

RTC_CNTL_TIMER_XTL_OFF
powers up.

CPU enters or exits the stall state. This is to ensure the
SYS_TIMER is continuous in time.
RTC_CNTL_TIMER_SYS_RST Resetting digital core completes.

Register RTC_CNTL_RTC_TIME_UPDATE is configured by
CPU (i.e. users).

RTC_CNTL_TIMER_SYS_STALL

RTC_REG_TIME_UPDATE

The RTC timer updates two groups of registers upon any new trigger. The first group logs the time of the current
trigger, and the other logs the previous trigger. Detailed information about these two register groups is shown
below:

® Register group O: logs the status of RTC timer at the current trigger.
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- RTC_CNTL_RTC_TIME_HIGHO_REG
- RTC_CNTL_RTC_TIME_LOWO_REG
¢ Register group 1: logs the status of RTC timer at the previous trigger.
- RTC_CNTL_RTC_TIME_HIGH1_REG
- RTC_CNTL_RTC_TIME_LOW1_REG

On a new trigger, information on previous trigger is moved from register group O to register group 1 (and the
original trigger logged in register group 1 is overwritten), and this new trigger is logged in register group 0.
Therefore, only the last two triggers can be logged at any time.

It should be noted that any reset / sleep other than power-up reset will not stop or reset the RTC timer.

Also, the RTC timer can be used as a wakeup source. For details, see Section 10.4.4.

10.3.4 Voltage Regulators

ESP32-S3 has three voltage regulators to regulate the power supply to different power domains:
¢ Digital voltage regulator for digital power domains;
e |ow-power voltage regulator for RTC power domains;

¢ Flash voltage regulator for the rest of power domains.

Note:
For a full list of power domains, please refer to Section 10.4.1.

10.3.4.1 Digital Voltage Regulator

ESP32-S3’s built-in digital voltage regulator converts the external power supply (typically 3.3 V) to 1.1 V for digital
power domains. This regulator is controlled by xpd_dig_reg (see details in Figure 10-1). For the architecture of
the ESP32-S3 digital voltage regulator, see Figure 10-5.

# ypDp3P3_CPU

VDD3P3_RTC

VREF

l1.1V

Digital System

Figure 10-5. Digital Voltage Regulator

Espressif Systems 552 ESP32-S3 TRM (Version 1.2)
Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.2

10 Low-power Management (RTC_CNTL) GoBack

10.3.4.2 Low-power Voltage Regulator

ESP32-S83’s built-in low-power voltage regulator converts the external power supply (typically 3.3 V) to 1.1 V for
RTC power domains. When the pin CHIP_PU is at a high level, the RTC domain is always-on. The low power
voltage regulator is off when chip enters Light-sleep and Deep-sleep modes. In this case, the RTC domain is
powered by an ultra low-power built-in power supply (This power supply cannot be turned off). For the
architecture of the ESP32-S3 low-power voltage regulator, see Figure 10-1.

VDD3P3_RTC

VREF

1.1V ,—I Built-in Power Supply
[ RTC }

Figure 10-6. Low-power Voltage Regulator

10.3.4.3 Flash Voltage Regulator

ESP32-S3’s built-in flash voltage regulator can supply a voltage of 3.3 V or 1.8 V to other components outside of
digital and RTC, such as flash. For the architecture of the ESP32-S3 flash voltage regulator, see Figure
10-7.

{ll VDD3P3_RTC
tieh ﬂ}

VREF

VDD_SPI _ Regulator

i _L " Output

Figure 10-7. Flash Voltage Regulator

1. Configure XPD_SDIO_REG to select power source to components outside of the digital and RTC:
¢ 1: the voltage regulator outputs a voltage of 3.3V or 1.8V,

e (: the voltage regulator outputs high-impedance. In this case, the voltage is provided by the external
power supply.

2. Configure SDIO_TIEH to choose between 3.3V or 1.8 V:
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¢ 1: the voltage regulator shorts pin VDD_SPI to pin VDD3P3_RTC, and outputs a voltage of 3.3V,
which is the voltage of pin VDD3P3_RTC.

¢ (: the voltage regulator outputs the reference voltage VREF, which is typically 1.8V.
The signals mentioned above can be configured as below:
¢ The configuration of XPD_SDIO_REG:

— When the chip is in active mode, RTC_CNTL_SDIO_FORCE == 0 and EFUSE_VDD_SPI_FORCE ==
1, the XPD_SDIO_REG voltage is defined by EFUSE_VDD_SPI_XPD;

- When the chip is in sleep modes and RTC_CNTL_SDIO_REG_PD_EN == 1, XPD_SDIO_REG is 0;
— When RTC_CNTL_SDIO_FORCE == 1, XPD_SDIO_REG is defined by RTC_CNTL_XPD_SDIO_REG.
* The configuration of SDIO_TIEH:

- When RTC_CNTL_SDIO_FORCE== 0 and EFUSE_VDD_SPI_FORCE == 1, SDIO_TIEH =
EFUSE_VDD_SPI_TIEH

- Otherwise, SDIO_TIEH = RTC_CNTL_SDIO_TIEH.

10.3.4.4 Brownout Detector

The brownout detector checks the voltage of pins VDD3P3, VDD3P3_RTC and VDD3P3_CPU. If the voltage of
these pins drops below the predefined threshold (2.7 V by default), the detector would trigger a signal to shut
down some power-consuming blocks (such as LNA, PA, etc.) to allow extra time for the digital to save and
transfer important data.

The brownout detector has ultra-low power consumption and remains enabled whenever the chip is powered up.
For the architecture of the ESP32-S3 brownout detector, see Figure 10-8.

VREF
VDD3P3_RTC Brownout
VDD3P3_CPU detected
VDDA1
VDDA2

Figure 10-8. Brown-out detector

RTC_CNTL_RTC_BROWN_OUT_DET indicates the output level of brown-out detector. This register is low level
by default, and outputs high level when the voltage of the detected pin drops below the predefined
threshold.

When a brown-out signal is detected, the brownout detector can handle it in one of the two methods described
below:
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e mode0: triggers an interrupt when the counter counts to the thresholds pre-defined in int comparer and rst
comparer, then resets the chip based on the rst_sel configuration. This method can be enabled by setting
the bod_mode0_en signal.

e mode1l: resets the system directly.

Workflow is illustrated in the diagram below:

bod_mode0_int
| -
bod_mode0_en P Int
Comparer
Brown-out
Counter
—P Chip Reset
|-
Ll
Rst
Brown-out Com;S)arer | bod_mode0_rst sel System Reset
Detected >
Brown-out etecte bod_mode0_rst_en

Detector

System Reset

&&

bod_mode1_rst_en

bod_mode1_sel

Figure 10-9. Brown-out detector

Registers for controlling related signals are described below:

* bod_modeO0_en: RTC_CNTL_BROWN_OUT_ENA

bod_mode0_rst_en: RTC_CNTL_BROWN_OUT_RST_ENA

bod_mode0_rst_sel: RTC_CNTL_BROWN_OUT_RST_SEL configures the reset type. For more information
regarding Chip Reset and System Reset, please refer to 7 Reset and Clock.

- 0: resets the chip

— 1: resets the system

bod_mode1_sel: the first bit of RTC_CNTL_RTC_FIB_SEL.

bod_mode1_rst_en: RTC_CNTL_BROWN_OUT_ANA_RST_EN

10.4 Power Modes Management

10.4.1 Power Domain
ESP32-S3 has 10 power domains in three power domain categories:

e RTC
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- Power management unit

- RTC peripherals, including RTC GPIO, RTC 12C, Temperature Sensor, Touch Sensor, RTC ADC
Controller, and ULP Coprocessor

e Digital
- Digital core
- Wireless digital circuits
- CPU
— PD peripherals, including SPI2, GDMA, SHA, RSA, AES, HMAC, DS, and Secure Boot

¢ Analog

Fast RC Oscillator (RC_FAST_CLK)

External Main Clock (XTAL_CLK)

Phase Lock Loop (PLL)

RF circuits
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10.4.2 RTC States

ESP32-S3 has three main RTC states: Active, Monitor, and Sleep. The transition process among these states

can be seen in Figure 10-10.

ULP done or touch done

ULP timer or touch timer

Figure 10-10. RTC States

Under different RTC states, different power domains are powered up or down by default, but can also be
force-powered-up (FPU) or force-powered-down (FPD) individually based on actual requirements. For details,

please refer to Table 10-3.
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Table 10-3. RTC Statues Transition

Power Domain RTC Status
Category Sub-category Active | Monitor | Sleep
RTG™2 Power Management Unit® ON ON ON
RTC Peripherals* ON ON OFF
CPU?® ON OFF* OFF*
Digital Wireless digital circuits® ON OFF* OFF*
Digital Core * ON OFF* OFF
PD Peripherals ON OFF* OFF*
RC_FAST_CLK ON ON OFF
XTAL_CLK ON OFF OFF
Analog
PLL ON OFF OFF
RF Circuits - - -

" Configurable.

T RTC slow memory supports 8 KB SRAM, which can be used to reserve memory or to
store ULP instructions and / or data. This memory (starting address is 0x5000_0000)
can be accessed by CPU via PIF bus, and should be force-power-on. RTC slow mem-
ory is always OFF under the RTC state of Monitor with only one exception when the
ULP coprocessor is working.

2 RTC fast memory supports 8 KB SRAM, which can be used to reserve memory. This
memory can be accessed by CPU via IRAMO / DRAMO, and should be forced-power-
up.

8 ESP32-S3’s power management unit is specially designed to be “always-on”, which
means it is always on when the chip is powered up. Therefore, users cannot FPU or
FPD the power management unit.

4 The RTC peripherals include 2 ULP Coprocessor (ULP-FSM, ULP-RISC-V) and 39 On-
Chip Sensors and Analog Signal Processing (i.e. temperature sensor controller and SAR
ADC controller).

5 CPU can be powered down separately in light-sleep, but retention DMA is required to
resume CPU.

6 Power domain Wireless digital circuits includes Wi-Fi MAC, BT and BB (Base Band).

" When the digital core of the digital is powered down, all components in the digital are
turned off. It’s worth noting that, ESP32-S3’s ROM and SRAM are no longer controlled
as independent power domains, thus cannot be force-powered-up or force-powered-
down when the digital core is powered down.

10.4.3 Pre-defined Power Modes

As mentioned earlier, ESP32-S3 has four power modes, which are predefined configurations that power up
different combinations of power domains. For details, please refer to Table 10-4.
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Table 10-4. Predefined Power Modes

Power Domain

Power Mode RTC Digital PD Wireless | £osc | xTAL RF

PMU . CPU . Digital PLL o

Peripherals | System Peripherals T _CLK | _CLK Circuits
Circuits

Active ON ON ON ON ON ON ON ON ON ON
Modem-sleep | ON ON ON ON ON ON’ ON ON ON OFF
Light-sleep ON ON ON OFF ON OFF OFF OFF | OFF OFF
Deep-sleep ON ON OFF OFF ON OFF OFF OFF | OFF OFF

" Configurable.

By default, ESP32-S3 first enters the Active mode after system resets, then enters different low-power modes

(including Modem-sleep, Light-sleep, and Deep-sleep) to save power after the CPU stalls for a specific time (For

example, when CPU is waiting to be wakened up by an external event). From modes Active to Deep-sleep, the
number of available functionalities! and power consumption? decreases and wakeup latency increases. Also, the
supported wakeup sources for different power modes are different. Users can choose a power mode based on
their requirements of performance, power consumption, wakeup latency, and available wakeup sources.

Note:

1. For details, please refer to Table 10-4.

3. For details on the supported wakeup sources, please refer to Section 10.4.4.

2. For details on power consumption, please refer to the Current Consumption Characteristics in ESP32-S3 Datasheet.

10.4.4 Wakeup Source

The ESP32-S3 supports various wakeup sources, which could wake up the CPU in different sleep modes. The
wakeup source is determined by RTC_CNTL_RTC_WAKEUP_ENA as shown in Table 10-5.
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Table 10-5. Wakeup Source

WAKEUP_ENA | Wakeup Source!® | Light-sleep | Deep-sleep | Note
Ox1 | EXTO Y Y 1
0x2 | EXT1 Y Y 2
0x4 | GPIO Y Y 3
0x8 | RTC timer Y Y -

0x20 | Wi-Fi Y - 4
0x40 | UARTO Y - 5
0x80 | UARTH Y - 5
0x100 | TOUCH Active Y - 6
0x200 | ULP-FSM Y Y 7
0x400 | BT Y - 4
0x800 | ULP-RISC-V Y Y
0x1000 | XTAL_32K Y Y
0x2000 | ULP-RISC-V Trap Y Y
0x8000 | TOUCH Timeout Y Y -
0xc000 | BROWNOUT Y Y -

Note:

e

© N o o

©

. EXTO can only wake up the chip from Light-sleep / Deep-sleep modes. If RTC_CNTL_EXT_WAKEUPO_LV is 1,

it’s triggered when the pin level is high. Otherwise, it’s triggered when the pin level is low. Users can configure
RTCIO_EXT_WAKEUPQO_SEL to select an RTC pin as a wakeup source.

EXT1 is especially designed to wake up the chip from any sleep modes, and can be triggered by a combina-
tion of pins. Users should define the combination of wakeup sources by configuring RTC_CNTL_EXT_WAKEUP1
_SEL[17:0] according to the bitmap of selected wakeup source. When RTC_CNTL_EXT_WAKEUP1_LV == 1, the
chip is waken up if any pin in the combination is high level. When RTC_CNTL_EXT_WAKEUP1_LV == 0, the chip
is only waken up if all pins in the combination is low level.

In Deep-sleep mode, only the RTC GPIOs (not regular GPIOs) can work as a wakeup source.

To wake up the chip with a Wi-Fi or BT source, the chip switches between the Active, Modem-sleep, and Light-sleep
modes. The CPU and radio are woken up at predetermined intervals to keep Wi-Fi / BT connections active.

A wakeup is triggered when the number of RX pulses received exceeds the setting in the threshold register.
A wakeup is triggered when any touch event is detected by the touch sensor.
A wakeup is triggered when RTC_CNTL_RTC_SW_CPU_INT is configured by the ULP co-processor.

When the 32 kHz crystal is working as RTC slow clock, a wakeup is triggered upon any detection of any crystal
stops by the 32 kHz watchdog timer.

A wakeup is triggered when the ULP co-processor starts capturing exceptions (e.g., stack overflow).

All wakeup sources can also be configured as the causes to reject sleep, except UART.

10.4.5 Reject Sleep

ESP32-S3 implements a hardware mechanism that equips the chip with the ability to reject to sleep, which
prevents the chip from going to sleep unexpectedly when some peripherals are still working but not detected by
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the CPU, thus guaranteeing the proper functioning of the peripherals.

All the wakeup sources specified in Table 10-5 (except UART) can also be configured as the causes to reject
sleep.

Users can configure the reject to sleep option via the following registers.

e Configure the RTC_CNTL_RTC_SLEEP_REJECT_ENA field to enable or disable the option to reject to
sleep:

— Set RTC_CNTL_LIGHT_SLP_REJECT_EN to enable reject-to-light-sleep.
— Set RTC_CNTL_DEEP_SLP_REJECT_EN to enable reject-to-deep-sleep.

e Read RTC_CNTL_SLP_REJECT_CAUSE_REG to check the reason for rejecting to sleep.

10.5 Retention DMA

ESP32-S3 can power off the CPU in the Light-sleep mode to further reduce the power consumption. To facilitate
the CPU to wake up from Light-sleep and resume execution from the previous breakpoint, ESP32-S3 introduced
a retention DMA.

ESP32-S83’s retention DMA stores CPU information to the Internal SRAM Block?2 to Block8 before CPU enters
into sleep, and restore such information from Internal SRAM to CPU after CPU wakes up from sleep, thus
enabling the CPU to resume execution from the previous breakpoint.

ESP32-S3’s Retention DMA:
¢ Retention DMA operates on date of 128 bits, and only supports address alignment of four words.

¢ Retention DMA's link list is specifically designed that it can be used to execute both write and read
transactions. The configuration of Retention DMA is similar to that of GDMA:

1. First allocate enough memory in SRAM before CPU enters sleep to store 432 words*: CPU registers
(428 words) and configuration information (4 words).

2. Then configure the link list according to the memory allocated in the first step. See details in Chapter 3
GDMA Controller (GDMA).

Note:
* Note that if the memory allocated is smaller than 432 words, then chip can only enter the Light-sleep mode and
cannot further power down CPU.

After configuration, users can enable the Retention function by configuring the RTC_CNTL_RETENTION_EN field
in Register RTC_CNTL_RETENTION_CTRL_REG to:

¢ Use Retention DMA to store CPU information before the chip enters sleep

¢ Restore information from Retention DMA to CPU after CPU wakes up.
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10.6 RTC Boot

The wakeup time from Deep-sleep mode is much longer, compared to Light-sleep and Modem-sleep modes,
because the ROMs and RAMs are both powered down in this case, and the CPU needs more time for SPI
booting (data-copying from the flash). However, it's worth noting that both RTC fast memory and RTC slow
memory remain powered up in the Deep-sleep mode. Therefore, users can store codes (so called “deep sleep
wake stub” of up to 8 KB) either in RTC fast memory or RTC slow memory, which doesn’t require the
above-mentioned SPI booting, thus speeding up the wakeup process.

Method one: Boot using RTC slow memory
1. Set RTC_CNTL_PROCPU_STAT_VECTOR_SEL to 0.
2. Send the chip into sleep.

3. After the CPU is powered up, the reset vector starts resetting from 0x50000000 instead of 0x40000400,
which does not involve any SPI booting. The codes stored in RTC slow memory starts running immediately
after the CPU reset. The code stored in the RTC slow memory only needs to be partially initialized in a C
environment.

Method two: Boot using RTC fast memory
1. Set RTC_CNTL_PROCPU_STAT_VECTOR_SEL to 1.
2. Calculate CRC for the RTC fast memory, and save the result in RTC_CNTL_RTC_STORE7_REG[31:0].
3. Set RTC_CNTL_RTC_STOREG6_REG[31:0] to the entry address of RTC fast memory.
4. Send the chip into sleep.

5. ROM unpacking and some of the initialization starts after the CPU is powered up. After that, the CRC for
the RTC fast memory will be calculated again. If the result matches with register
RTC_CNTL_RTC_STORE7_REG[31:0], the CPU jumps to the entry address.

The boot flow is shown in Figure 10-11.
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Figure 10-11. ESP32-S3 Boot Flow
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10.7 Register Summary

The addresses in this section are relative to low-power management base address provided in Table 4-3 in

Chapter 4 System and Memory.

The abbreviations given in Column Access are explained in Section Access Types for Registers.

Name Description Address | Access
Control / Configuration Registers

Sets the power options of crystal and PLL )
RTC_CNTL_RTC_OPTIONSO_REG o O0x0000 | varies

clocks, and initiates reset by software
RTC_CNTL_RTC_SLP_TIMERO_REG RTC timer threshold register O 0x0004 R/W
RTC_CNTL_RTC_SLP_TIMER1_REG RTC timer threshold register 1 0x0008 | varies
RTC_CNTL_RTC_TIME_UPDATE_REG RTC timer update control register 0x000C | varies
RTC_CNTL_RTC_STATEO_REG Configures the sleep / reject / wakeup state | 0x0018 varies
RTC_CNTL_RTC_TIMER1_REG Configures CPU stall options 0x001C | R/W

Configures RTC slow clock and touch
RTC_CNTL_RTC_TIMER2_REG 0x0020 | R/W

controller
RTC_CNTL_RTC_TIMER5_REG Configures the minimal sleep cycles 0x002C | R/W

Configures the power options for 12C and
RTC_CNTL_RTC_ANA_CONF_REG PLLA 0x0034 | R/W
RTC_CNTL_RTC_WAKEUP_STATE_REG Wakeup bitmap enabling register 0x003C | R/'W

32 kHz crystal oscillator configuration .
RTC_CNTL_RTC_EXT_XTL_CONF_REG , 0x0060 | varies

register
RTC_CNTL_RTC_EXT_WAKEUP_CONF_REG GPIO wakeup configuration register 0x0064 | R/W
RTC_CNTL_RTC_SLP_REJECT_CONF_REG Configures sleep / reject options 0x0068 R/W
RTC_CNTL_RTC_CLK_CONF_REG RTC clock configuration register 0x0074 R/W
RTC_CNTL_RTC_SLOW_CLK_CONF_REG RTC slow clock configuration register 0x0078 R/W
RTC_CNTL_RTC_SDIO_CONF_REG configure flash power 0x007C | varies
RTC_CNTL_RTC_REG RTC/DIG regulator configuration register 0x0084 R/W
RTC_CNTL_RTC_PWC_REG RTC power configuration register 0x0088 R/W
RTC_CNTL_DIG_PWC_REG Digital system power configuration register | 0x0090 | R/W
RTC_CNTL_DIG_ISO_REG Digital system ISO configuration register 0x0094 | varies
RTC_CNTL_RTC_WDTCONFIGO_REG RTC watchdog configuration register 0x0098 R/W

Configures the hold time of RTC watchdog
RTC_CNTL_RTC_WDTCONFIG1_REG 0x009C | R/W

at level 1

Configures the hold time of RTC watchdog
RTC_CNTL_RTC_WDTCONFIG2_REG Ox00A0 | R/W

at level 2

Configures the hold time of RTC watchdog
RTC_CNTL_RTC_WDTCONFIG3_REG Ox00A4 | R/W

at level 3

Configures the hold time of RTC watchdog
RTC_CNTL_RTC_WDTCONFIG4_REG Ox00A8 | R/W

at level 4

RTC watchdog SW feed configuration
RTC_CNTL_RTC_WDTFEED_REG , Ox00AC | WO

register

RTC watchdog write protection
RTC_CNTL_RTC_WDTWPROTECT_REG , , , Ox00BO | R/W

configuration register
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Name Description Address | Access
RTC_CNTL_RTC_SWD_CONF_REG Super watchdog configuration register 0x00B4 | varies

Super watchdog write protection
RTC_CNTL_RTC_SWD_WPROTECT_REG , , , 0x00B8 | R/W
configuration register
RTC_CNTL_RTC_SW_CPU_STALL_REG CPU stall configuration register 0Ox00BC | R/'W
Indicates the RTC is ready to be triggered
RTC_CNTL_RTC_LOW_POWER_ST_REG 0x00D0 | RO
by any wakeup source
RTC_CNTL_RTC_PAD_HOLD_REG Configures the hold options for RTC GPIOs | 0x00D8 | R/W
RTC_CNTL_DIG_PAD_HOLD_REG Configures the hold option for digital GPIOs | O0x00DC | R/W
RTC_CNTL_RTC_EXT_WAKEUP1_REG EXT1 wakeup configuration register OxO0EQ | varies
RTC_CNTL_RTC_BROWN_OUT_REG Brownout configuration register OxOOE8 | varies
Configures the divider factor for the
RTC_CNTL_RTC_XTAL32K_CLK_FACTOR_REG _ Ox00F4 | R/W
backup clock of 32 kHz crystal oscillator
32 kHz crystal oscillator configuration
RTC_CNTL_RTC_XTAL32K_CONF_REG , Ox00F8 | R/W
register
RTC_CNTL_RTC_USB_CONF_REG USB configuration register 0x0120 | R/W
RTC_CNTL_RTC_OPTION1_REG RTC option register 0x012C | R/W
RTC_CNTL_INT_ENA_RTC_W1TS_REG RTC interrupt enabling register (W1TS) 0x0138 | WO
RTC_CNTL_INT_ENA_RTC_WI1TC_REG RTC interrupt clear register (W1TC) 0x013C | WO
RTC_CNTL_RETENTION_CTRL_REG Retention Configuration Register 0x0140 | R/'W
RTC_CNTL_RTC_FIB_SEL_REG Brownout detector configuration register 0x0148 R/W
Status Registers
RTC_CNTL_RTC_TIME_LOWO_REG Stores the lower 32 bits of RTC timer 0 0x0010 | RO
RTC_CNTL_RTC_TIME_HIGHO_REG Stores the higher 16 bits of RTC timer O 0x0014 | RO
RTC_CNTL_RTC_RESET_STATE_REG Indicates the CPU reset source 0x0038 | varies
RTC_CNTL_RTC_STOREOQO_REG Retention register 0x0050 | R/W
RTC_CNTL_RTC_STORE1_REG Retention register 0x0054 R/W
RTC_CNTL_RTC_STORE2_REG Retention register 0x0058 R/W
RTC_CNTL_RTC_STORE3_REG Retention register 0x005C | R/W
RTC_CNTL_RTC_STORE4_REG Retention register 4 0x00CO | R/W
RTC_CNTL_RTC_STORES5_REG Retention register 5 0x00C4 | R/W
RTC_CNTL_RTC_STORE6_REG Retention register 6 0x00C8 | R/'W
RTC_CNTL_RTC_STORE7_REG Retention register 7 0x00CC | R/W
RTC_CNTL_RTC_EXT_WAKEUP1_STATUS_REG | EXT1 wakeup source register Ox00E4 | RO
RTC_CNTL_RTC_TIME_LOW1_REG Stores the lower 32 bits of RTC timer 1 Ox00EC | RO
RTC_CNTL_RTC_TIME_HIGH1_REG Stores the higher 16 bits of RTC timer 1 Ox00FO | RO
RTC_CNTL_RTC_SLP_REJECT_CAUSE_REG Stores the reject-to-sleep cause 0x0128 RO
RTC_CNTL_RTC_SLP_WAKEUP_CAUSE_REG Stores the sleep-to-wakeup cause 0x0130 RO
Interrupt Registers
RTC_CNTL_INT_ENA_RTC_REG RTC interrupt enabling register 0x0040 | R/W
RTC_CNTL_INT_RAW_RTC_REG RTC interrupt raw register 0x0044 varies
RTC_CNTL_INT_ST_RTC_REG RTC interrupt state register 0x0048 RO
RTC_CNTL_INT_CLR_RTC_REG RTC interrupt clear register 0x004C | WO
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10.8 Registers

The addresses in this section are relative to low-power management base address provided in Table 4-3 in
Chapter 4 System and Memory.

Register 10.1. RTC_CNTL_RTC_OPTIONSO_REG (0x0000)

RTC_CNTL_SW_STALL_APPCPU_CO0 When RTC_CNTL_SW_STALL_APPCPU_C1 is configured
to Ox21, setting this field to Ox2 stalls the CPU1 by SW. (R/W)

RTC_CNTL_SW_STALL_PROCPU_CO0 When RTC_CNTL_SW_STALL_PROCPU_C1 is configured
to Ox21, setting this field to Ox2 stalls the CPUO by SW. (R/W)

RTC_CNTL_SW_APPCPU_RST Set this bit to reset the CPU1 by SW. (WO)
RTC_CNTL_SW_PROCPU_RST Set this bit to reset the CPUO by SW. (WO)
RTC_CNTL_BB_I2C_FORCE_PD Set this bit to FPD BB_I2C. (R/W)
RTC_CNTL_BB_I2C_FORCE_PU Set this bit to FPU BB_I2C. (R/W)
RTC_CNTL_BBPLL_I2C_FORCE_PD Set this bit to FPD BB_PLL _I2C. (R/W)
RTC_CNTL_BBPLL_I2C_FORCE_PU Set this bit to FPU BB_PLL _I2C. (R/W)
RTC_CNTL_BBPLL_FORCE_PD Set this bit to FPD BB_PLL. (R/W)
RTC_CNTL_BBPLL_FORCE_PU Set this bit to FPU BB_PLL. (R/W)

Continued on the next page...
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Register 10.1. RTC_CNTL_RTC_OPTIONSO_REG (0x0000)

Continued from the previous page...
RTC_CNTL_XTL_FORCE_PD Set this bit to FPD the crystal oscillator. (R/W)
RTC_CNTL_XTL_FORCE_PU Set this bit to FPU the crystal oscillator. (R/W)

RTC_CNTL_DG_WRAP_FORCE_RST Set this bit to force reset the digital system in deep-sleep.
RW)

RTC_CNTL_DG_WRAP_FORCE_NORST Set this bit to disable force reset to digital system in deep-
sleep. (R/W)

RTC_CNTL_SW_SYS_RST Set this bit to reset the system via SW. (WO)

Register 10.2. RTC_CNTL_RTC_SLP_TIMERO_REG (0x0004)
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N
Q7
Q%
7/
Q’SQ

‘ 31 0 ‘
‘ 0x000000 \ Reset

RTC_CNTL_SLP_VAL_LO Sets the lower 32 bits of the trigger threshold for the RTC timer. (R/W)

Register 10.3. RTC_CNTL_RTC_SLP_TIMER1_REG (0x0008)

é
&
o
Qg\/
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3 \s
(CX4 Qs
Q Q
& > o
& O/ Y%
@ & &
‘31 17 16 | 15 0‘
‘OOOOOOOOOOOOOOOO 0x00 ‘Reset

RTC_CNTL_SLP_VAL_HI Sets the higher 16 bits of the trigger threshold for the RTC timer. (R/W)

RTC_CNTL_RTC_MAIN_TIMER_ALARM_EN Sets this bit to enable the timer alarm. (WO)
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Register 10.4. RTC_CNTL_RTC_TIME_UPDATE_REG (0x000C)

Q75 QR
TG o y
ECE L &

‘31|30|29|28|27|26 0‘

\o|o|o|o|o|oo0oooooooooooooooooooooooo\Rese»c

RTC_CNTL_TIMER_SYS_STALL Selects the triggering condition for the RTC timer. See details in
Table 10-2. (R/W)

RTC_CNTL_TIMER_XTL_OFF Selects the triggering condition for the RTC timer. See details in Table
10-2. (R/W)

RTC_CNTL_TIMER_SYS_RST Selects the triggering condition for the RTC timer. See details in Table
10-2. (R/W)

RTC_CNTL_RTC_TIME_UPDATE Selects the triggering condition for the RTC timer. See details in
Table 10-2. (WO)

Register 10.5. RTC_CNTL_RTC_TIME_LOWO_REG (0x0010)
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‘ 0x000000 \ Reset

RTC_CNTL_RTC_TIMER_VALUEO_LOW Stores the lower 32 bits of RTC timer 0. (RO)
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Register 10.6. RTC_CNTL_RTC_TIME_HIGHO_REG (0x0014)
&
OQ’Q/
I
%Q}\\Q)
§Q)
‘ 31 16 | 15 0 ‘
\oooooooooooooooo| \Reset
RTC_CNTL_RTC_TIMER_VALUEO_HIGH Stores the higher 16 bits of RTC timer 0. (RO)
Register 10.7. RTC_CNTL_RTC_STATEO_REG (0x0018)
<
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~ & {g’ N Q7 Qv
ST W & N
(<</2 7o/ Q7 @q/ OO7
QV/Q Q7 Q7 Q@7 Qv Qv
9008 & O & oo
LLXE & P
‘31|30|29|28|27 23|22|21 |1|0‘
\o|o|o|o|o 0 0 o o|o|ooooooooooooooooooo |0|0\Reset

RTC_CNTL_RTC_SW_CPUL_INT Sends a SW RTC interrupt to CPU. (WO)

RTC_CNTL_RTC_SLP_REJECT_CAUSE_CLR Clears the RTC reject-to-sleep cause. (WO)

RTC_CNTL_APB2RTC_BRIDGE_SEL 1: APBto RTC using bridge, 0: APB to RTC using sync (R/W)

RTC_CNTL_SDIO_ACTIVE_IND Indicates the SDIO is active. (RO)
RTC_CNTL_SLP_WAKEUP Indicates wakeup events. (R/W)
RTC_CNTL_SLP_REJECT Indicates reject-to-sleep event. (R/W)

RTC_CNTL_SLEEP_EN Sends the chip to sleep. (R/W)
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Register 10.8. RTC_CNTL_RTC_TIMER1_REG (0x001C)
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& & & &8
‘ 40 80 0x10 1 1 \Reset

RTC_CNTL_CPU_STALL_EN Enables CPU stalling. (R/W)

RTC_CNTL_CPU_STALL_WAIT Sets the CPU stall waiting cycle (using the RTC fast clock). (R/W)

RTC_CNTL_CK8M_WAIT Sets the FOSC waiting cycle (using the RTC slow clock). (R/W)

RTC_CNTL_XTL_BUF_WAIT Sets the XTAL waiting cycle (using the RTC slow clock). (R/W)

RTC_CNTL_PLL_BUF_WAIT Sets the PLL waiting cycle (using the RTC slow clock). (R/W)

Register 10.9. RTC_CNTL_RTC_TIMER2_REG (0x0020)
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RTC_CNTL_ULPCP_TOUCH_START_WAIT Sets the waiting cycle (using the RTC slow clock) before

the ULP co-processor starts to work. (R/W)

RTC_CNTL_MIN_TIME_CK8M_OFF Sets the minimal cycle for FOSC clock (using the RTC slow

clock) when powered down. (R/W)
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Register 10.10. RTC_CNTL_RTC_TIMER5_REG (0x002C)
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RTC_CNTL_MIN_SLP_VAL Sets the minimal sleep cycles (using the RTC slow clock). (R/W)

Register 10.11. RTC_CNTL_RTC_ANA_CONF_REG (0x0034)
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RTC_CNTL_I2C_RESET_POR_FORCE_PD Set this bit to FPD SLEEP_I2CPOR. (R/W)

RTC_CNTL_I2C_RESET_POR_FORCE_PU Set this bit to FPU SLEEP_I2CPOR. (R/W)

RTC_CNTL_GLITCH_RST_EN Set this bit to enable a reset when the system detects a glitch. (R/W)
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Register 10.12. RTC_CNTL_RTC_RESET_STATE_REG (0x0038)
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RTC_CNTL_RESET_CAUSE_PROCPU Stores CPUO’s reset cause. (RO)
RTC_CNTL_RESET_CAUSE_APPCPU Stores CPU1’s reset cause. (RO)
RTC_CNTL_APPCPU_STAT_VECTOR_SEL Selects CPU1 state vector.l (R/W)
RTC_CNTL_PROCPU_STAT_VECTOR_SEL Selects CPUOQ state vector.l (R/W)
RTC_CNTL_RESET_FLAG_PROCPU Sets CPUO reset flag. (RO)
RTC_CNTL_RESET_FLAG_APPCPU Sets CPU1 reset flag. (RO)
RTC_CNTL_RESET_FLAG_PROCPU_CLR Set this bit to clear CPUQ reset flag. (WO)
RTC_CNTL_RESET_FLAG_APPCPU_CLR Set this bit to clear CPU1 reset flag. (WO)
RTC_CNTL_APPCPU_OCD_HALT_ON_RESET Enables CPU1 to enter halt state after reset. (R/W)

RTC_CNTL_PROCPU_OCD_HALT_ON_RESET Enables CPUO to enter halt state after reset. (R/W)

RTC_CNTL_RESET_FLAG_JTAG_PROCPU Sets CPUQ’s JTAG reset flag. (RO)
RTC_CNTL_RESET_FLAG_JTAG_APPCPU Sets CPU1’s JTAG reset flag. (RO)
RTC_CNTL_RESET_FLAG_JTAG_PROCPU_CLR Set this bit to clear CPUO JTAG reset flag. (WO)
RTC_CNTL_RESET_FLAG_JTAG_APPCPU_CLR Set this bit to clear CPU1 JTAG reset flag. (WO)
RTC_CNTL_RTC_APP_DRESET_MASK Set this bit to bypass CPU1 dreset. (R/W)

RTC_CNTL_RTC_PRO_DRESET_MASK Set this bit to bypass CPUO dreset. (R/W)
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Register 10.13. RTC_CNTL_RTC_WAKEUP_STATE_REG (0x003C)
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RTC_CNTL_RTC_WAKEUP_ENA Enables the wakeup bitmap. See details in Table 10-5. (R/W)
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Register 10.14. RTC_CNTL_INT_ENA_RTC_REG (0x0040)
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RTC_CNTL_SLP_WAKEUP_INT_ENA Enables interrupt when the chip wakes up from sleep. (R/W)
RTC_CNTL_SLP_REJECT_INT_ENA Enables interrupt when the chip rejects to go to sleep. (R/W)
RTC_CNTL_SDIO_IDLE_INT_ENA Enables interrupt when the SDIO idles. (R/W)
RTC_CNTL_RTC_WDT_INT_ENA Enables the RTC watchdog interrupt. (R/W)

RTC_CNTL_RTC_TOUCH_SCAN_DONE_INT_ENA Enables interrupt upon the completion of a
touch scanning. (R/W)

RTC_CNTL_RTC_ULP_CP_INT_ENA Enables the ULP co-processor interrupt. (R/W)

RTC_CNTL_RTC_TOUCH_DONE_INT_ENA Enables interrupt upon the completion of a single
touch. (R/W)

RTC_CNTL_RTC_TOUCH_ACTIVE_INT_ENA Enables interrupt when a touch is detected. (R/W)
RTC_CNTL_RTC_TOUCH_INACTIVE_INT_ENA Enables interrupt when a touch is released. (R/W)
RTC_CNTL_RTC_BROWN_OUT_INT_ENA Enables the brown out interrupt. (R/W)

Continued on the next page...
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Register 10.14. RTC_CNTL_INT_ENA_RTC_REG (0x0040)

Continued from the previous page...

RTC_CNTL_RTC_MAIN_TIMER_INT_ENA Enables the RTC main timer interrupt. (R/W)
RTC_CNTL_RTC_SARADC1_INT_ENA Enables the SAR ADC1 interrupt. (R/W)
RTC_CNTL_RTC_TSENS_INT_ENA Enables the temperature sensor interrupt. (R/W)
RTC_CNTL_RTC_COCPU_INT_ENA Enables the ULP-RISCV interrupt. (R/W)
RTC_CNTL_RTC_SARADC2_INT_ENA Enables the SAR ADC2 interrupt. (R/W)
RTC_CNTL_RTC_SWD_INT_ENA Enables the super watchdog interrupt. (R/W)

RTC_CNTL_RTC_XTAL32K_DEAD_INT_ENA Enables interrupt when the 32 kHz crystal is dead.
R/W)

RTC_CNTL_RTC_COCPU_TRAP_INT_ENA Enables interrupt when the ULP-RISCV is trapped.
(R/W)

RTC_CNTL_RTC_TOUCH_TIMEOUT_INT_ENA Enables interrupt when touch sensor times out.
(R/W)

RTC_CNTL_RTC_GLITCH_DET_INT_ENA Enables interrupt when a glitch is detected. (R/W)

RTC_CNTL_RTC_TOUCH_APPROACH_LOOP_DONE_INT_ENA Enables interrupt upon the com-
pletion of a touch approach loop. (R/W)
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Register 10.15. RTC_CNTL_INT_RAW_RTC_REG (0x0044)
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RTC_CNTL_SLP_WAKEUP_INT_RAW Stores the raw interrupt triggered when the chip wakes up
from sleep. (RO)

RTC_CNTL_SLP_REJECT_INT_RAW Stores the raw interrupt triggered when the chip rejects to go
to sleep. (RO)

RTC_CNTL_SDIO_IDLE_INT_RAW Stores the raw interrupt triggered when the SDIO idles. (RO)
RTC_CNTL_RTC_WDT_INT_RAW Stores the raw RTC watchdog interrupt. (RO)

RTC_CNTL_RTC_TOUCH_SCAN_DONE_INT_RAW Stores the raw interrupt triggered upon the
completion of a touch scanning. (RO)

RTC_CNTL_RTC_ULP_CP_INT_RAW Stores the raw ULP co-processor interrupt. (RO)

RTC_CNTL_RTC_TOUCH_DONE_INT_RAW Stores the raw interrupt triggered upon the completion
of a single touch. (RO)

RTC_CNTL_RTC_TOUCH_ACTIVE_INT_RAW Stores the raw interrupt triggered when a touch is
detected. (RO)

RTC_CNTL_RTC_TOUCH_INACTIVE_INT_RAW Stores the raw interrupt triggered when a touch is
released. (RO)

RTC_CNTL_RTC_BROWN_OUT_INT_RAW Stores the raw brown out interrupt. (RO)

Continued on the next page...
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Register 10.15. RTC_CNTL_INT_RAW_RTC_REG (0x0044)

Continued from the previous page...

RTC_CNTL_RTC_MAIN_TIMER_INT_RAW Stores the raw RTC main timer interrupt. (RO)
RTC_CNTL_RTC_SARADC1_INT_RAW Stores the raw SAR ADC1 interrupt. (RO)
RTC_CNTL_RTC_TSENS_INT_RAW Stores the raw temperature sensor interrupt. (RO)
RTC_CNTL_RTC_COCPU_INT_RAW Stores the raw ULP-RISCV interrupt. (RO)
RTC_CNTL_RTC_SARADC2_INT_RAW Stores the raw SAR ADC2 interrupt. (RO)
RTC_CNTL_RTC_SWD_INT_RAW Stores the raw super watchdog interrupt. (RO)

RTC_CNTL_RTC_XTAL32K_DEAD_INT_RAW Stores the raw interrupt triggered when the 32 kHz
crystal is dead. (RO)

RTC_CNTL_RTC_COCPU_TRAP_INT_RAW Stores the raw interrupt triggered when the ULP-
RISCV is trapped. (RO)

RTC_CNTL_RTC_TOUCH_TIMEOUT_INT_RAW Stores the raw interrupt triggered when touch sen-
sor times out. (RO)

RTC_CNTL_RTC_GLITCH_DET_INT_RAW Stores the raw interrupt triggered when a glitch is de-
tected. (RO)

RTC_CNTL_RTC_TOUCH_APPROACH_LOOP_DONE_INT_RAW Stores the raw interrupt trig-
gered upon the completion of a touch approach loop. (R/W)
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Register 10.16. RTC_CNTL_INT_ST_RTC_REG (0x0048)
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RTC_CNTL_SLP_WAKEUP_INT_ST Stores the status of the interrupt triggered when the chip wakes
up from sleep. (RO)

RTC_CNTL_SLP_REJECT_INT_ST Stores the status of the interrupt triggered when the chip rejects
to go to sleep. (RO)

RTC_CNTL_SDIO_IDLE_INT_ST Stores the status of the interrupt triggered when the SDIO idles.
(RO)

RTC_CNTL_RTC_WDT_INT_ST Stores the status of the RTC watchdog interrupt. (RO)

RTC_CNTL_RTC_TOUCH_SCAN_DONE_INT_ST Stores the status of the interrupt triggered upon
the completion of a touch scanning. (RO)

RTC_CNTL_RTC_ULP_CP_INT_ST Stores the status of the ULP co-processor interrupt. (RO)

RTC_CNTL_RTC_TOUCH_DONE_INT_ST Stores the status of the interrupt triggered upon the com-
pletion of a single touch. (RO)

RTC_CNTL_RTC_TOUCH_ACTIVE_INT_ST Stores the status of the interrupt triggered when a touch
is detected. (RO)

RTC_CNTL_RTC_TOUCH_INACTIVE_INT_ST Stores the status of the interrupt triggered when a
touch is released. (RO)

RTC_CNTL_RTC_BROWN_OUT_INT_ST Stores the status of the brown out interrupt. (RO)

Continued on the next page...
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Register 10.16. RTC_CNTL_INT_ST_RTC_REG (0x0048)

Continued from the previous page...

RTC_CNTL_RTC_MAIN_TIMER_INT_ST Stores the status of the RTC main timer interrupt. (RO)
RTC_CNTL_RTC_SARADC1_INT_ST Stores the status of the SAR ADC1 interrupt. (RO)
RTC_CNTL_RTC_TSENS_INT_ST Stores the status of the temperature sensor interrupt. (RO)
RTC_CNTL_RTC_COCPU_INT_ST Stores the status of the ULP-RISCV interrupt. (RO)
RTC_CNTL_RTC_SARADC2_INT_ST Stores the status of the SAR ADC2 interrupt. (RO)
RTC_CNTL_RTC_SWD_INT_ST Stores the status of the super watchdog interrupt. (RO)

RTC_CNTL_RTC_XTAL32K_DEAD_INT_ST Stores the status of the interrupt triggered when the 32
kHz crystal is dead. (RO)

RTC_CNTL_RTC_COCPU_TRAP_INT_ST Stores the status of the interrupt triggered when the ULP-
RISCV is trapped. (RO)

RTC_CNTL_RTC_TOUCH_TIMEOUT_INT_ST Stores the status of the interrupt triggered when
touch sensor times out. (RO)

RTC_CNTL_RTC_GLITCH_DET_INT_ST Stores the status of the interrupt triggered when a glitch is
detected. (RO)

RTC_CNTL_RTC_TOUCH_APPROACH_LOOP_DONE_INT_ST Stores the status of the interrupt
triggered upon the completion of a touch approach loop. (RO)
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Register 10.17. RTC_CNTL_INT_CLR_RTC_REG (0x004C)

N NN ‘&
s R
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‘31 21|20|19|1B|17|

[o e le =] ]e]

RTC_CNTL_SLP_WAKEUP_INT_CLR Clears the interrupt triggered when the chip wakes up from
sleep. (WO)

RTC_CNTL_SLP_REJECT_INT_CLR Clears the interrupt triggered when the chip rejects to go to
sleep. (WO)

RTC_CNTL_SDIO_IDLE_INT_CLR Clears the interrupt triggered when the SDIO idles. (WO)
RTC_CNTL_RTC_WDT_INT_CLR Clears the RTC watchdog interrupt. (WO)

RTC_CNTL_RTC_TOUCH_SCAN_DONE_INT_CLR Clears the interrupt triggered upon the comple-
tion of a touch scanning. (WO)

RTC_CNTL_RTC_ULP_CP_INT_CLR Clears the ULP co-processor interrupt. (WO)

RTC_CNTL_RTC_TOUCH_DONE_INT_CLR Clears the interrupt triggered upon the completion of a
single touch. (WQO)

RTC_CNTL_RTC_TOUCH_ACTIVE_INT_CLR Clears the interrupt triggered when a touch is de-
tected. (WO)

RTC_CNTL_RTC_TOUCH_INACTIVE_INT_CLR Clears the interrupt triggered when a touch is re-
leased. (WO)

RTC_CNTL_RTC_BROWN_OUT_INT_CLR Clears the brown out interrupt. (WO)

Continued on the next page...
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Register 10.17. RTC_CNTL_INT_CLR_RTC_REG (0x004C)

Continued from the previous page...

RTC_CNTL_RTC_MAIN_TIMER_INT_CLR Clears the RTC main timer interrupt. (WO)
RTC_CNTL_RTC_SARADC1_INT_CLR Clears the SAR ADC1 interrupt. (WO)
RTC_CNTL_RTC_TSENS_INT_CLR Clears the temperature sensor interrupt. (WO)
RTC_CNTL_RTC_COCPU_INT_CLR Clears the ULP-RISCV interrupt. (WO)
RTC_CNTL_RTC_SARADC2_INT_CLR Clears the SAR ADC2 interrupt. (WO)
RTC_CNTL_RTC_SWD_INT_CLR Clears the super watchdog interrupt. (WO)

RTC_CNTL_RTC_XTAL32K_DEAD_INT_CLR Clears the interrupt triggered when the 32 kHz crystal
is dead. (WO)

RTC_CNTL_RTC_COCPU_TRAP_INT_CLR Clears the interrupt triggered when the ULP-RISCV is
trapped. (WO)

RTC_CNTL_RTC_TOUCH_TIMEOUT_INT_CLR Clears the interrupt triggered when touch sensor
times out. (WO)

RTC_CNTL_RTC_GLITCH_DET_INT_CLR Clears the interrupt triggered when a glitch is detected.
(WO)

RTC_CNTL_RTC_TOUCH_APPROACH_LOOP_DONE_INT_CLR Clears the interrupt triggered
upon the completion of a touch approach loop. (WO)

Register 10.18. RTC_CNTL_RTC_STOREO_REG (0x0050)

Q
/\QK\
s
Vé\
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=
&
\31 o\
‘ 0 ‘Reset
RTC_CNTL_RTC_SCRATCHO Retention register (R/W)
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Register 10.19. RTC_CNTL_RTC_STORE1_REG (0x0054)
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’ 31 0 ‘
’ 0 ‘ Reset

RTC_CNTL_RTC_SCRATCH1 Retention register (R/W)

Register 10.20. RTC_CNTL_RTC_STORE2_REG (0x0058)

&
Q\
/\Q?O
&
&’
’ 31 0 ‘
’ 0 ‘ Reset

RTC_CNTL_RTC_SCRATCH2 Retention register (R/W)

Register 10.21. RTC_CNTL_RTC_STORE3_REG (0x005C)

>
&
e
&
,\ 7/
o
&
’ 31 0 ‘
’ 0 ‘Reset
RTC_CNTL_RTC_SCRATCHS3 Retention register (R/W)
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Register 10.22. RTC_CNTL_RTC_EXT_XTL_CONF_REG (0x0060)
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RTC_CNTL_XTAL32K_WDT_EN Set this bit to enable the 32 kHz crystal watchdog. (R/W)

RTC_CNTL_XTAL32K_WDT_CLK_FO Set this bit to FPU the 32 kHz crystal watchdog clock. (R/W)

RTC_CNTL_XTAL32K_WDT_RESET Set this bit to reset the 32 kHz crystal watchdog by SW. (R/W)

RTC_CNTL_XTAL32K_EXT_CLK_FO Set this bit to FPU the external clock of 32 kHz crystal. (R/W)

RTC_CNTL_XTAL32K_AUTO_BACKUP Set this bit to switch to the backup clock when the 32 kHz
crystal is dead. (R/W)

RTC_CNTL_XTAL32K_AUTO_RESTART Set this bit to restart the 32 kHz crystal automatically when
the 32 kHz crystal is dead. (R/W)

RTC_CNTL_XTAL32K_AUTO_RETURN Set this bit to switch back to 32 kHz crystal when the 32
kHz crystal is restarted. (R/W)

RTC_CNTL_XTAL32K_XPD_FORCE Set 1 to allow the software to FPD the 32 kHz crystal. Set O to
allow the FSM to FPD the 32 kHz crystal. (R/W) (R/W)

RTC_CNTL_ENCKINIT_XTAL_32K Applies aninternal clock to help the 32 kHz crystal to start. (R/W)

RTC_CNTL_DBUF_XTAL_32K O0: single-end buffer 1: differential buffer (R/W)
RTC_CNTL_DGM_XTAL_32K xtal_32k gm control (R/W)

Continued on the next page...
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Register 10.22. RTC_CNTL_RTC_EXT_XTL_CONF_REG (0x0060)

Continued from the previous page...

RTC_CNTL_DRES_XTAL_32K DRES_XTAL_32K (R/W)
RTC_CNTL_XPD_XTAL_32K XPD_XTAL_32K (R/W)
RTC_CNTL_DAC_XTAL_32K DAC_XTAL_32K (R/W)
RTC_CNTL_RTC_WDT_STATE Stores the status of the 32 kHz watchdog. (RO)

RTC_CNTL_RTC_XTAL32K_GPIO_SEL Selects the 32 kHz crystal clock. O: selects the external 32
kHz clock. 1: selects clock from the RTC GPIO X32P_C. (R/W)

RTC_CNTL_XTL_EXT_CTR_LV 0: powers down XTAL at high level 1: powers down XTAL at low
level (R/W)

RTC_CNTL_XTL_EXT_CTR_EN Enables the GPIO to power down the crystal oscillator. (R/W)

Register 10.23. RTC_CNTL_RTC_EXT_WAKEUP_CONF_REG (0x0064)
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SE&EL N

RTC_CNTL_GPIO_WAKEUP_FILTER Set this bit to enable the GPIO wakeup event filter. (R/W)

RTC_CNTL_EXT_WAKEUPO_LV 0: external wakeup O at low level 1: external wakeup O at high level

RW)
RTC_CNTL_EXT_WAKEUP1_LV 0: external wakeup 1 at low level 1: external wakeup 1 at high level
R/W)
Espressif Systems 584 ESP32-S3 TRM (Version 1.2)

Submit Documentation Feedback



https://www.espressif.com/en/company/documents/documentation_feedback?docId=5421&sections=&version=1.2

10 Low-power Management (RTC_CNTL) GoBack
Register 10.24. RTC_CNTL_RTC_SLP_REJECT_CONF_REG (0x0068)
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RTC_CNTL_RTC_SLEEP_REJECT_ENA Set this bit to enable reject-to-sleep. (R/W)
RTC_CNTL_LIGHT_SLP_REJECT_EN Set this bit to enable reject-to-light-sleep. (R/W)
RTC_CNTL_DEEP_SLP_REJECT_EN Set this bit to enable reject-to-deep-sleep. (R/W)
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Register 10.25. RTC_CNTL_RTC_CLK_CONF_REG (0x0074)
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RTC_CNTL_EFUSE_CLK_FORCE_GATING Set this bit to force eFuse gating. (R/W)
RTC_CNTL_EFUSE_CLK_FORCE_NOGATING Set this bit to force no eFuse gating. (R/W)

RTC_CNTL_CK8M_DIV_SEL_VLD Synchronizes the reg_ck8m_div_sel. Not that you have to invali-
date the bus before switching clock, and validate the new clock. (R/W)

RTC_CNTL_CK8M_DIV Set the CK8M_D256_OUT divider. 00: divided by 128 01: divided by 256
10: divided by 512 11: divided by 1024. (R/W)

RTC_CNTL_ENB_CK8M Set this bit to disable CK8M and CK8M_D256_OUT. (R/W)

RTC_CNTL_ENB_CK8M_DIV Selects the CK8M_D256_OUT. 1: CK8M 0: CK8M divided by 256.
(R/W)

RTC_CNTL_DIG_XTAL32K_EN Set this bit to enable CK_XTAL_32K clock for the digital core. (R/W)

RTC_CNTL_DIG_CLK8M_D256_EN Set this bit to enable CK8M_D256_OUT clock for the digital
core. (R/W)

RTC_CNTL_DIG_CLK8M_EN Set this bit to enable 8 MHz clock for the digital core. (R/W)
RTC_CNTL_CK8M_DIV_SEL Stores the 8 MHz divider, which is reg_ck8m_div_sel + 1 (R/W)
RTC_CNTL_XTAL_FORCE_NOGATING Set this bit to force no gating to crystal during sleep (R/W)

RTC_CNTL_CK8M_FORCE_NOGATING Set this bit to disable force gating to 8 MHz crystal during
sleep. (R/W)

Continued on the next page...
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GoBack

Register 10.25. RTC_CNTL_RTC_CLK_CONF_REG (0x0074)

Continued from the previous page...

RTC_CNTL_CK8M_DFREQ CK8M_DFREQ (R/W)

RTC_CNTL_CK8M_FORCE_PD Set this bit to FPD the RC_FAST_CLK clock. (R/W)

RTC_CNTL_CK8M_FORCE_PU Set this bit to FPU the RC_FAST_CLK clock. (R/W)

RTC_CNTL_XTAL_GLOBAL_FORCE_GATING Set this bit to force gating xtal. (R/W)

RTC_CNTL_XTAL_GLOBAL_FORCE_NOGATING Set this bit to force no gating xtal. (R/W)

RTC_CNTL_FAST_CLK_RTC_SEL Set this bit to select the RTC fast clock. 0: XTAL_DIV_CLK, 1:

RC_FAST_CLK div n. (R/W)

RTC_CNTL_ANA_CLK_RTC_SEL Set this bit to select the RTC slow clock. 0: RC_SLOW_CLK 1:

XTAL32K_CLK 2: RC_FAST_DIV_CLK. (R/W)

Register 10.26. RTC_CNTL_RTC_SLOW_CLK_CONF_REG (0x0078)
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RTC_CNTL_RTC_ANA_CLK_DIV_VLD Synchronizes the reg_rtc_ana_clk_div bus. Note that you
have to invalidate the bus before switching clock, and validate the new clock. (R/W)

RTC_CNTL_RTC_ANA_CLK_DIV Set the RC_SLOW_CLK divider. (R/W)
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Register 10.27. RTC_CNTL_RTC_SDIO_CONF_REG (0x007C)
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RTC_CNTL_SDIO_REG_PD_EN Set this bit to power down SDIO_REG when chip is in light sleep
and deep sleep. This field is only valid when RTC_CNTL_SDIO_FORCE = 0. (R/W)

RTC_CNTL_SDIO_FORCE Set this bit to allow software t1: use SW option to control SDIO_REG.
Clear this bit to allow the state machine to control SDIO_REG. (R/W)

RTC_CNTL_SDIO_TIEH Configure the SDIO_TIEH via software. This field is only valid when
RTC_CNTL_SDIO_FORCE = 1. (R/W)

RTC_CNTL_XPD_SDIO_REG Set this bit to power on flash regulator. (R/W)

Register 10.28. RTC_CNTL_RTC_REG (0x0084)
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RTC_CNTL_DIG_REG_CAL_EN Set this bit to enable calibration for the digital regulator. (R/W)
RTC_CNTL_SCK_DCAP Configures the frequency of the RTC clocks. (R/W)
RTC_CNTL_RTC_DBOOST_FORCE_PD Set this bit to FPD the RTC_DBOOST (R/W)
RTC_CNTL_RTC_DBOOST_FORCE_PU Set this bit to FPU the RTC_DBOOST (R/W)

RTC_CNTL_RTC_REGULATOR_FORCE_PD Set this bit to FPD the RTC_REG, which means de-
creasing its voltage to 0.8 V or lower. (R/W)

RTC_CNTL_RTC_REGULATOR_FORCE_PU Set this bit to FPU the RTC_REG. (R/W)
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Register 10.29. RTC_CNTL_RTC_PWC_REG (0x0088)
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RTC_CNTL_RTC_FORCE_ISO Set this bit to force isolate the RTC peripherals. (R/W)

RTC_CNTL_RTC_FORCE_NOISO Set this bit to disable the force isolation to the RTC peripherals.

(R/W)

RTC_CNTL_RTC_FASTMEM_FOLW_CPU Set 1 to FPD the RTC slow memory when the CPU is
powered down. Set 0 to FPD the RTC slow memory when the RTC main state machine is powered
down. (R/W)

RTC_CNTL_RTC_FASTMEM_FORCE_LPD Set this bit to force not retain the RTC fast memory.

(R/W)

RTC_CNTL_RTC_FASTMEM_FORCE_LPU Set this bit to force retain the RTC fast memory. (R/W)

RTC_CNTL_RTC_SLOWMEM_FOLW_CPU 1:

PD following RTC state machine (R/W)

Continued on the next page...

RTC memory PD following CPU, 0: RTC memory

Register 10.29. RTC_CNTL_RTC_PWC_REG (0x0088)

Continued from the previous page...

RTC_CNTL_RTC_SLOWMEM_FORCE_LPD Set this bit to force not retain the RTC slow memory.

(R/W)

RTC_CNTL_RTC_SLOWMEM_FORCE_LPU Set this bit to force retain the RTC slow memory. (R/W)

RTC_CNTL_RTC_FORCE_PD Set this bit to FPD the RTC peripherals. (R/W)

RTC_CNTL_RTC_FORCE_PU Set this bit to FPU the RTC peripherals. (R/W)

RTC_CNTL_RTC_PD_EN Set this bit to enable PD for the RTC peripherals in sleep. (R/W)

RTC_CNTL_RTC_PAD_FORCE_HOLD Set this bit the force hold the RTC GPIOs. (R/W)
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Register 10.30. RTC_CNTL_DIG_PWC_REG (0x0090)
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RTC_CNTL_LSLP_MEM_FORCE_PD Set this bit to FPD the memories in the digital system in sleep.
R/W)

RTC_CNTL_LSLP_MEM_FORCE_PU Set this bit to FPU the memories in the digital system. (R/W)
RTC_CNTL_DG_PERI_FORCE_PD Set this bit to FPD PD periphrals. (R/W)
RTC_CNTL_DG_PERI_FORCE_PU Set this bit to FPU PD periphrals. (R/W)
RTC_CNTL_WIFI_FORCE_PD Set this bit to FPD Wi-Fi. (R/W)
RTC_CNTL_WIFI_FORCE_PU Set this bit to FPU Wi-Fi. (R/W)
RTC_CNTL_DG_WRAP_FORCE_PD Set this bit to FPD the digital core. (R/W)
RTC_CNTL_DG_WRAP_FORCE_PU Set this bit to FPU the digital core. (R/W)
RTC_CNTL_CPU_TOP_FORCE_PD Set this bit to FPD the CPU. (R/W)
RTC_CNTL_CPU_TOP_FORCE_PU Set this bit to FPU the CPU. (R/W)
RTC_CNTL_DG_PERI_PD_EN Set this bit to enable PD for the PD peripherals in sleep. (R/W)
RTC_CNTL_CPU_TOP_PD_EN Set this bit to enable PD for the CPU in sleep. (R/W)
RTC_CNTL_WIFI_PD_EN Set this bit to enable PD for the Wi-Fi circuit in sleep. (R/W)

RTC_CNTL_DG_WRAP_PD_EN Set this bit to enable PD for the digital system in sleep. (R/W)
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Register 10.31. RTC_CNTL_DIG_ISO_REG (0x0094)
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RTC_CNTL_DG_PAD_AUTOHOLD Indicates the auto-hold status of the digital GPIOs. (RO)

RTC_CNTL_CLR_DG_PAD_AUTOHOLD Ste this bit to clear the auto-hold enabler for the digital
GPIOs. (WO)

RTC_CNTL_DG_PAD_AUTOHOLD_EN Set this bit to allow the digital GPIOs to enter the autohold
status. (R/W)

RTC_CNTL_DG_PAD_FORCE_NOISO Set this bit to disable the force isolation to the digital GPIOs.
RW)

RTC_CNTL_DG_PAD_FORCE_ISO Set this bit to force isolate the digital GPIOs. (R/W)
RTC_CNTL_DG_PAD_FORCE_UNHOLD Set this bit the force unhold the digital GPIOs. (R/W)
RTC_CNTL_DG_PAD_FORCE_HOLD Set this bit the force hold the digital GPIOs. (R/W)
RTC_CNTL_DG_PERI_FORCE_ISO Set this bit to force isolate the digital peripherals. (R/W)

RTC_CNTL_DG_PERI_FORCE_NOISO Set this bit to disable the force isolation to the digital periph-
erals. (R/W)

RTC_CNTL_CPU_TOP_FORCE_ISO Set this bit to force isolate the CPU. (R/W)
RTC_CNTL_CPU_TOP_FORCE_NOISO Set this bit to disable the force isolation to the CPU. (R/W)
RTC_CNTL_WIFI_FORCE_ISO Set this bit to force isolate the Wi-Fi circuits. (R/W)

RTC_CNTL_WIFI_FORCE_NOISO Set this bit to disable the force isolation to the Wi-Fi circuits. (R/W)

RTC_CNTL_DG_WRAP_FORCE_ISO Set this bit to force isolate the digital system. (R/W)

RTC_CNTL_DG_WRAP_FORCE_NOISO Set this bit to disable the force isolation to the digital sys-
tem. (R/W)
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Register 10.32. RTC_CNTL_RTC_WDTCONFIGO_REG (0x0098)

> SR
<& 2 < %
Y Y OO S
& 07 O
& AR NN
S A q o < S K&
& O O O 5 7 4 O RO
S A < < < Q - F R L R
< ) ) S S S) S < v
& S’ S S S ¢ LS
NN AN AN AN AN NEERNEAE
Q7 K7 Q7 Q&7 N\ NS N\% Q7KQ™ Q7K
O O7 O7 O7 O7 O7 O/ OO0 7O7 7
& & & & IO &
‘31 30 28 | 27 25 | 24 22|21 19 |18 16 | 15 13121110 9 |8 0‘
‘ 0 0x0 0x0 0x0 0x0 Ox1 Ox1 tj]0({0|1f0 0 0 0 O O O O O‘Reset

RTC_CNTL_WDT_PAUSE_IN_SLP Set this bit to pause the watchdog in sleep. (R/W)
RTC_CNTL_WDT_APPCPU_RESET_EN enable WDT reset APP CPU (R/W)

RTC_CNTL_WDT_PROCPU_RESET_EN Set this bit to allow the watchdog to be able to reset CPU.
RW)

RTC_CNTL_WDT_FLASHBOOT_MOD_EN Set this bit to enable watchdog when the chip boots
from flash. (R/W)

RTC_CNTL_WDT_SYS_RESET_LENGTH Sets the length of the system reset counter. (R/W)
RTC_CNTL_WDT_CPU_RESET_LENGTH Sets the length of the CPU reset counter. (R/W)

RTC_CNTL_WDT_STG3 1: enable at the interrupt stage 2: enable at the CPU stage 3: enable at the
system stage 4: enable at the system and RTC stage. (R/W)

RTC_CNTL_WDT_STG2 1: enable at the interrupt stage 2: enable at the CPU stage 3: enable at the
system stage 4: enable at the system and RTC stage. (R/W)

RTC_CNTL_WDT_STG1 1: enable at the interrupt stage 2: enable at the CPU stage 3: enable at the
system stage 4: enable at the system and RTC stage. (R/W)

RTC_CNTL_WDT_STGO 1: enable at the interrupt stage 2: enable at the CPU stage 3: enable at the
system stage 4: enable at the system and RTC stage. (R/W)

RTC_CNTL_WDT_EN Set this bit to enable the RTC watchdog. (R/W)
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Register 10.33. RTC_CNTL_RTC_WDTCONFIG1_REG (0x009C)
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&

’ 31 0 ‘
’ 200000 \ Reset

RTC_CNTL_WDT_STGO_HOLD Configures the hold time of RTC watchdog at level 1. (R/W)

Register 10.34. RTC_CNTL_RTC_WDTCONFIG2_REG (0x00A0)

\%OVQ
C/;\ Ve
&
O
&’
’ 31 0 ‘
’ 80000 \ Reset

RTC_CNTL_WDT_STG1_HOLD Configures the hold time of RTC watchdog at level 2. (R/W)

Register 10.35. RTC_CNTL_RTC_WDTCONFIG3_REG (0x00A4)

Y
cl
&
O%
&
’ 31 0 ‘
’ 0x000fff \ Reset

RTC_CNTL_WDT_STG2_HOLD Configures the hold time of RTC watchdog at level 3. (R/W)
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Register 10.36. RTC_CNTL_RTC_WDTCONFIG4_REG (0x00AS8)

E ]

’ 0x000fff \ Reset

RTC_CNTL_WDT_STG3_HOLD Configures the hold time of RTC watchdog at level 4. (R/W)

Register 10.37. RTC_CNTL_RTC_WDTFEED_REG (0x00AC)

BE ]

]oooooooooooooooooooooooooooooooo\Reset

RTC_CNTL_RTC_WDT_FEED Set 1 to feed the RTC watchdog. (WO)

Register 10.38. RTC_CNTL_RTC_WDTWPROTECT_REG (0x00B0)

&
&7
&
&7
g ]
] 0x50d83aa ‘ Reset

RTC_CNTL_WDT_WKEY Sets the write protection key of the watchdog. (R/W)
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Register 10.39. RTC_CNTL_RTC_SWD_CONF_REG (0x00B4)
& f 09& @Q/\ € <<é\ & K
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\o|o|o|o| 300 |o|ooooooooooooooo|o|o\Reset

RTC_CNTL_SWD_RESET_FLAG Indicates the super watchdog reset flag. (RO)

RTC_CNTL_SWD_FEED_INT Receiving this interrupt leads to feeding the super watchdog via SW.

(RO)

RTC_CNTL_SWD_BYPASS_RST Set this bit to enable super watchdog reset. (R/W)

RTC_CNTL_SWD_SIGNAL_WIDTH Adjusts the signal width sent to the super watchdog. (R/W)

RTC_CNTL_SWD_RST_FLAG_CLR Set to reset the super watchdog reset flag. (WO)
RTC_CNTL_SWD_FEED Set to feed the super watchdog via SW. (WO)

RTC_CNTL_SWD_DISABLE Set this bit to disable super watchdog. (R/W)

RTC_CNTL_SWD_AUTO_FEED_EN Set this bit to enable automatic watchdog feeding upon inter-

rupts. (R/W)

Register 10.40. RTC_CNTL_RTC_SWD_WPROTECT_REG (0x00B8)

B

Ox8f1d312a

‘ Reset
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RTC_CNTL_SWD_WKEY Sets the write protection key of the super watchdog. (R/W)
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Register 10.41. RTC_CNTL_RTC_SW_CPU_STALL_REG (0x00BC)
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RTC_CNTL_SW_STALL_APPCPU_C1 Set this bit to allow the SW to be able to send the CPUO into
stalling. (R/W)

RTC_CNTL_SW_STALL_PROCPU_C1 Set this bit to allow the SW to be able to send the CPU1 into
stalling. (R/W)

Register 10.42. RTC_CNTL_RTC_STORE4_REG (0x00CO0)

E ]

’ 0 ‘ Reset

RTC_CNTL_RTC_SCRATCH4 Retention register 4. (R/W)

Register 10.43. RTC_CNTL_RTC_STORE5_REG (0x00C4)
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&
’ 0 ‘Reset
RTC_CNTL_RTC_SCRATCH5 Retention register 5. (R/W)
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Register 10.44. RTC_CNTL_RTC_STORE6_REG (0x00C8)
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‘ 0 ‘Reset

RTC_CNTL_RTC_SCRATCHG6 Retention register 6. (R/W)

Register 10.45. RTC_CNTL_RTC_STORE7_REG (0x00CC)
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‘ 0 ‘Reset
RTC_CNTL_RTC_SCRATCH7 Retention register 7. (R/W)
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Register 10.46. RTC_CNTL_RTC_LOW_POWER_ST_REG (0x00D0)
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RTC_CNTL_RTC_RDY_FOR_WAKEUP Indicates the RTC is ready to be triggered by any wakeup
source. (RO)

RTC_CNTL_MAIN_STATE_IN_IDLE Indicates the RTC state.
¢ O: the chip can be either
— in sleep modes.

- entering sleep modes. In this case, wait until RTC_CNTL_RTC_RDY_FOR_WAKEUP bit
is set, then you can wake up the chip.

— exiting sleep mode. In this case, RTC_CNTL_MAIN_STATE_IN_IDLE will eventually be-
come 1.

¢ 1: the chip is not in sleep modes (i.e. running normally).
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Register 10.47. RTC_CNTL_RTC_PAD_HOLD_REG (0x00D8)
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RTC_CNTL_TOUCH_PADO_HOLD Sets the touch GPIO 0 to hold. (R/W)
RTC_CNTL_TOUCH_PAD1_HOLD Sets the touch GPIO 1 to hold. (R/W)
RTC_CNTL_TOUCH_PAD2_HOLD Sets the touch GPIO 2 to hold. (R/W)
RTC_CNTL_TOUCH_PAD3_HOLD Sets the touch GPIO 3 to hold. (R/W)
RTC_CNTL_TOUCH_PAD4_HOLD Sets the touch GPIO 4 to hold. (R/W)
RTC_CNTL_TOUCH_PAD5_HOLD Sets the touch GPIO 5 to hold. (R/W)
RTC_CNTL_TOUCH_PAD6_HOLD Sets the touch GPIO 6 to hold. (R/W)
RTC_CNTL_TOUCH_PAD7_HOLD Sets the touch GPIO 7 to hold. (R/W)
RTC_CNTL_TOUCH_PAD8_HOLD Sets the touch GPIO 8 to hold. (R/W)
RTC_CNTL_TOUCH_PAD9_HOLD Sets the touch GPIO 9 to hold. (R/W)

RTC_CNTL_TOUCH_PAD10_HOLD Sets the touch GPIO 10 to hold. (R/W)
RTC_CNTL_TOUCH_PAD11_HOLD