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1. ULP Coprocessor (ULP)

1. ULP Coprocessor (ULP)

1.1 Overview

The ULP coprocessor is an ultra-low-power processor that remains powered on when the chip is in Deep-sleep
(see Chapter 9 Low-Power Management (RTC_CNTL)). Hence, users can store in RTC memory a program for the
ULP coprocessor to access peripheral devices, 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 peripheral devices such as RTCIO, RTC 12C, SAR ADC, or temperature sensor (TSENS). The
coprocessor wakes the main CPU up once a wakeup condition is reached.

ESP32-S2
Enable by ULP or Main CPU |
Enable with% = uLp Wakeup Wakeup Main
RTC GPIO. Timer ULP CPU
O L
alE of TSENS
O 3 a0
22 <k
o

Monitor / Control

Figure 1-1. ULP Coprocessor Overview

ESP32-S2 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.

1.2 Features
e Access up to 8 KB of SRAM RTC slow memory for instructions and data

Clocked with 8 MHz RTC_FAST_CLK

e 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-S2. The differences between the two coprocessors are shown in the table below.
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1. ULP Coprocessor (ULP)

‘ Coprocessors
Feature
ULP-FSM ULP-RISC-V
Memory (RTC Slow Memory) 8 KB
Work Clock Frequency 8 MHz
Wakeup Source ULP Timer
Assist the main CPU to complete some tasks
Normal Mode ,
after the system is woken up.
Work Mode —
, Control sensors to do tasks such as monitoring
Monitor Mode ) o
environment, when the system is in sleep.
ADCO/ADCH
DACO0/DACH1
Control Low-Power Peripherals RTC 12C
RTC GPIO
Touch Sensor
Temperature Sensor
Architecture Programmable FSM RISC-V
Development Special instruction set | Standard C compiler

Table 1: Comparison of the Two Coprocessors

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 1-2 shows the overall layout of ESP32-S2 coprocessor.

APB BUS

i

ge

< Brid

RTC CNTL REG
RTC Memory RTC 10 REG
Arbiter
12C CTRL SARADC REG
RTC 12C REG
TSENS CTRL [e—>
ULP-FSM I} mux |« ULP-RISC-V
SAR CTRL Je—>

ULP Timer

ESP32-S2 RTC
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Figure 1-2. ULP Coprocessor Diagram
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1. ULP Coprocessor (ULP)

1.3 Programming Workflow

The ULP-RISC-V is intended for programming using C language. The program in C is then compiled to
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

1.5.2).
T //77“\\\ //// ‘\\\
User
| “ Instruction “

\ \ Compiler \ | Code
Ve : N \\Vﬂ//// ’/—. ~N \\\\77/ /’/ Ve N
Clanguage | > '”(“"Fgf\j’ggf’M”CS)et " ULP-RISC-V
A J AN /) AN J

/N

,'/ \\

User “‘S‘Instruction\‘“

\ | \ Code J

\ |

Instruction Set : > ULP-FSM
(ULP-FSM)

Figure 1-3. Programing Workflow

1.4 ULP Coprocessor 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 the register RTC_CNTL_COCPU_SEL.
¢ 0: select ULP-RISC-V
e 1: select ULP-FSM
3. Set RTC_CNTL_COCPU_CLK_FO if ULP-RISC-V is selected as the working coprocessor.
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;
e By software: set the register RTC_CNTL_ULP_CP_SLP_TIMER_EN.
e By RTC GPIO: set the register RTC_CNTL_ULP_CP_GPIO_WAKEUP_ENA.
6. Set the system into sleep mode.

When the system is in Deep-sleep mode:
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1. ULP Coprocessor (ULP)

1. The timer periodically sets the low-power controller (see Chapter 9 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 1-4.

Enable \\1/1 w
OO IO

Timer
Expired

ULP{

1. Enable the timer and the timer starts counting.

time

Figure 1-4. Sample of a ULP Operation Sequence

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 the register RTC_CNTL_COCPU_DONE,
e Put ULP-FSM into HALT: execute HALT instruction.

4. Disable the timer by ULP program or by software. The system exits from monitor mode.
¢ Disabled by software: clear the register RTC_CNTL_ULP_CP_SLP_TIMER_EN.

¢ Disabled by RTC GPIO: clear the register RTC_CNTL_ULP_CP_GPIO_WAKEUP_ENA, and set the
register RTC_CNTL_ULP_CP_GPIO_WAKEUP_CLR.

Note:
¢ [f the timer is enabled by software (RTC GPIO), it should be disabled by software (RTC GPIO).

e Before setting ULP-RISC-V to HALT, users should configure the register RTC_CNTL_COCPU_DONE first,
therefore, it is recommended to end the flashed program with the following pattern:

— Set the register RTC_CNTL_COCPU_DONE to end the operation of ULP-RISC-V and put it into halt;
- Set the register 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.

The relationship between the signals and registers is shown in Figure 1-5.
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SoC — Main CPU

Wakeup
SoC

Set Timer Period
Enable Timer

ULP

- Run

PC = RTC_CNTL_ULP_CP_PC_INIT|

ULP Timer

WAKE

Enable

\

REG_WR

RTC_CNTL_ULP_CP_SLP_TIMER_EN

Set Period
RTC_CNTL_ULP_CP_TIMER_SLP_CYCLE

\

\

Start

HALT

Timer Expired —‘

1.5 ULP-FSM

1.5.1 Features

Figure 1-5. Control of ULP Program Execution

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.

¢ Provide four 16-bit general-purpose registers (RO, R1, R2, and R3) for manipulating data and accessing

memory.

¢ Provide one 8-bit stage count register (Stage_cnt) which can be manipulated by ALU and used in JUMP

instructions.

e Support built-in instructions specially for direct control of low-power peripherals, such as SAR ADC and

temperature sensor.

1.5.2 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

o WAIT/HALT: manage program execution
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1. ULP Coprocessor (ULP)

e WAKE: wake up CPU or communicate with the CPU
e TSENS and ADC: take measurements
The format of ULP-FSM instructions is shown in Figure 1-6.

Q 6%
& &
o R

‘31 28 | 27 0‘

| |

Figure 1-6. 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 as one that has an address range of
0x5000_0000 to 0x5000_1FFF (8 KB).

1.5.2.1 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.

¢ Arithmetic: ADD and SUB

® |ogic: bitwise logical AND and bitwise logical OR

e Bit shifting: LSH and RSH

¢ Moving data to register: MOVE

e 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
2
o & &£ &

Figure 1-7. Instruction Type — ALU for Operations Among Registers

When bits [27:26] of the instruction in Figure 1-7 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.
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Operand Description - see Figure 1-7

Rdst Register R[0-3], destination
Rsrcl Register R[0-3], source
Rsrc2 Register R[0-3], source

ALU_sel  ALU Operation

ALU_sel Instruction Operation Description
0 ADD Rdst = Rsrc1 + Rsrc2 Add to register
1 SUB Rdst = Rsrc1 - Rsrc2 Subtract from register
2 AND Rast = Rsre1 & Rsrc2  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: 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 1-8. Instruction Type — ALU for Operations with Immediate Value

When bits [27:26] of the instruction in Figure 1-8 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 3.

Operand Description - see Figure 1-8

Rast Register R[0-3], destination
Rsrc1 Register R[0-3], source
Imm 16-bit signed immediate value

ALU_sel  ALU Operation
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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 3: ALU Operations with Immediate Value

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

>
52
7

O
ol N

Figure 1-9. 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 1-9 should be set to 2. The type of operation depends on the setting of the
instruction bits ALU_sel[24:21] presented in Table 1-9. The Stage_cnt is a separate register and is not a part of
the instruction in Figure 1-9.

Operand Description - see Figure 1-9

Imm 8-bit signed immediate value

ALU_sel ALU Operation

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 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:
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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_ING, otherwise jump out of the loop. By such way, a cumulative for-loop with threshold m is implemented.

1.5.2.2 ST - Store Data in Memory

S 8
[ NS N
NV X @ &
e (2 & L © &
F & & & S

‘31 28| 27 | 26 | 25 | 24 21|20 09 (8 71 6 |5 413 2(1 O‘

Figure 1-10. Instruction Type - ST

Operand Description - see Figure 1-10

Rast 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

0@/

‘31 28|27 25|24 21|20 10|9 0‘
Lo [ 3 | | | |

Figure 1-11. Instruction Type - Offset in Automatic Storage Mode (ST-OFFSET)

Operand Description - see Figure 1-11

offset Initial address offset, 11-bit signed value, expressed in 32-bit words
5\
&
*‘0$ \‘D\OQ} Qé\o Q‘éé\
‘31 28 | 27 25 | 24 98 71 6 |5 413 211 O‘
‘ 6 1 ‘

Figure 1-12. Instruction Type - Data Storage in Automatic Storage Mode (ST-AUTO-DATA)
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Operand Description - See Figure 1-12

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 fullword; 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 5. Write_cnt here indicates the times of the
instruction ST-AUTO-DATA executed.

wr_way write_cnt Store Data Operation

0 * Mem [Rdst + Offset]{31:0} ={PC[10:0], 3'b0, Label[1:0], Rsrc[15:0]} Write full-word, including
the pointer and the data

1 odd Mem [Rdst + Offset]{15:0} = {Label[1:0],Rscr[13:0]} Store the data with label
in the low half-word

1 even Mem [Rdst + Offset]{31:16} = {Label[1:0],Rscr[13:0]} Store the data with label
in the high half-word

3 odd Mem [Rdst + Offset]{15:0} = Rscr[15:0]} Store the data without label
in the low half-word

3 even Mem [Rdst + Offset]{31:16} = Rscr[15:0] Store the data without label

in the high half-word

Table 5: Data Storage Type - Automatic Storage Mode

The full-word written to RTC memory are built as follows:

L \\O(\ V@OKQ\O}
QO\{\\O \‘b\QQ} 006@0
E 2 X CAOE ]
| [ o [ | |
Figure 1-13. Data Structure of RTC_SLOW_MEM][Rdst + Offset]
Bits Description - See Figure 1-13

bits [15:0] store the content of Rsrc

bits [17:16]  data label, 2-bit user defined unsigned value

bits [20:18]  3’b0 by default

bits [31:21]  hold the PC of current instruction, expressed in 32-bit words

Note:

¢ When full-word is written, the offset will be automatically incremented by 1 after each ST-AUTO-DATA
execution.

¢ When half-word is written (low half-word first), the offset will be automatically incremented by 1 after twice
ST-AUTO-DATA execution.
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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

Figure 1-14. Instruction Type - Data Storage in Manual Storage Mode

Operand Description - See Figure 1-14

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 6.

wr_way upper Data Operation

0 * Mem [Rdst + Offset]{31:0} ={PC[10:0], 3'b0, Label[1:0], Rsrc[15:0]}  Write full-word, including
the pointer and the data

1 0 Mem [Rdst + Offset]{15:0} = {Label[1:0],Rscr[13:0]} Store the data with label
in the low half-word

1 1 Mem [Rdst + Offset]{31:16} = {Label[1:0],Rscr[13:0]} Store the data with label
in the high half-word

3 0 Mem [Rdst + Offset]{15:0} = Rsrc[15:0] Store the data without label
in the low half-word

3 1 Mem [Rdst + Offset]{31:16} = Rsrc[15:0] Store the data without label

in the high half-word

Table 6: Data Storage - Manual Storage Mode

1.56.2.3 LD - Load Data from Memory

X
QQQQ) o < o
&7 & Qé\ L
‘31 28|27|26 21|20 10|9 4|3 2|1 O‘
L s [ ] | | [ [ ]
Figure 1-15. Instruction Type - LD
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Operand Description - see Figure 1-15

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
0 - 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]

Note:
e This instruction can only access 32-bit memory words.

e The “Mem” loaded is the RTC_SLOW_MEM memory. Address O, as seen by the ULP coprocessor,
corresponds to address 0x50000000, as seen by the main CPU.

1.5.2.4 JUMP - Jump to an Absolute Address

&
'\*QQ) gQ} \((\é\ ng\
‘31 28|27 26|25|24 22|21|20 l3|12 2|1 O‘
L s [+ ]] [ | | [ ]
Figure 1-16. Instruction Type- JUMP

Operand Description - see Figure 1-16

Rast 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.
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1.5.2.5 JUMPR - Jump to a Relative Offset (Conditional upon RO0)

O &
= s N

‘31 28|27 26|25 18|17 16|l5 0‘
& [o] [ ] |

Figure 1-17. Instruction Type - JUMPR

Operand Description - see Figure 1-17
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] = 0, 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 above-mentioned condition is true. The condition is
the result of comparing the RO register value and the Threshold value.

1.5.2.6 JUMPS - Jump to a Relative Address (Conditional upon Stage Count Regis-

ter)
O
\(\O
R OOQG &\Q@%
‘31 28|27 26|25 18|17 16|15 O‘
L& [2] [ |
Figure 1-18. Instruction Type - JUMPS
Operand Description - see Figure 1-18
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] = 0, then PC = PC + Step[6:0]
if Step[7] = 1, then PC = PC - Step[6:0]
Note:
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¢ For more information about the stage count register, please refer to Section 1.5.2.1.
¢ All jump addresses are expresses in 32-bit words.

Description
The instruction executes a jump to a relative address if the above-mentioned condition is true. The condition itself
is the result of comparing the value of Stage_cnt (stage count register) and the Threshold value.

1.5.2.7 HALT - End the Program

ERE ]
I |

Figure 1-19. 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.

1.5.2.8 WAKE - Wake up the Chip

-
o

‘31 28 | 27 26 | 25

\ 9 0 1701

Figure 1-20. Instruction Type - WAKE

Description
This instruction sends an interrupt from the ULP-FSM to the RTC controller.

¢ |f the chip is in Deep-sleep mode, and the ULP wakeup timer is enabled, the above-mentioned interrupt will
wake up the chip.

¢ |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.

1.5.2.9 WAIT - Wait for a Number of Cycles

O\C}Q)
‘31 28|27 16|15 O‘
I | |
Figure 1-21. Instruction Type - WAIT

Operand Description - see Figure 1-21

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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1.5.2.10 TSENS - Take Measurement with Temperature Sensor

‘31 28|27 16|15 2|1 O‘

o ] | ]

Figure 1-22. Instruction Type - TSENS

Operand Description - see Figure 1-22
Rdst 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.

1.5.2.11 ADC - Take Measurement with ADC

\)+
P %ﬁ &
L s | [ | [ ]
Figure 1-23. Instruction Type - ADC
Operand Description - see Figure 1-23
Rast Destination Register R[0-3], results will be stored in this register.
Sar_Mux  Enable SAR ADC pad [Sar_Mux - 1], see Table 7.
Sel Select ADC. 0: select SAR ADCH1; 1: select SAR ADC2, see Table 7.
Table 7: Input Signals Measured Using the ADC Instruction
Pad / Signal / GPIO Sar_Mux | ADC Selection Sel
GPIO1 1
GPIO2 2
GPIO3 3
GPIO4 4
GPIO5 5
Sel = 0, select SAR ADCH1
GPIO6 6
GPIO7 7
GPIO8 8
GPIO9 9
GPIO10 10
GPIO11 1
Sel = 1, select SAR ADC2
GPIO12 2
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Pad / Signal / GPIO Sar_Mux | ADC Selection Se/
GPIO13
GPIO14
XTAL_32k_P
XTAL_32k_N
DAC_1
DAC_2
GPIO19
GPIO20

Sel =1, select SAR ADC2

O|lo|~N|lo|lo| | w]!

—
(@]

1.5.2.12 REG_RD - Read from Peripheral Register
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9 \/o& &
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Figure 1-24. Instruction Type - REG_RD

Operand Description - see Figure 1-24

Addr 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, can be calculated from the address of the same register on
PeriBUS1 (addr_peribus1), as follows:

addr_ulp = (addr_peribus1 - 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, DR_REG_RTCIO_BASE,
DR_REG_SENS_BASE, and DR_REG_RTC_I2C_BASE.
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1.5.2.13 REG_WR - Write to Peripheral Register

‘2@\ \/o$ 0(5@ $

‘31 28 | 27 23|22 18 | 17 109

‘ 1

Figure 1-25. Instruction Type - REG_WR

Operand Description - see Figure 1-25

Addr Register address, expressed in 32-bit words
Data Value to write, 8 bits
Low Register start bit number
High Register end bit number
Description

This instruction writes up to 8 bits from an immediate data value into a peripheral register.

REG[Addr][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_uip in Section 1.5.2.12.

1.6 ULP-RISC-V

1.6.1 Features
e Support RV32IMC instruction set

e Thirty-two 32-bit general-purpose registers
e 32-bit multiplier and divider

e Support for interrupts

1.6.2 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.
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Table 8: Instruction Efficiency

Operation | Instruction Execution Cycle | Instruction Description
MUL 34 Multiply two 32-bit integers and return the lower 32-bit of the result
Multiply MULH 66 Multiply two 32-bit signed integers and return the higher 32-bit of
the result
MULHU 66 Multiply two 32-bit unsigned integers and return the higher 32-bit
of the result
MULHSU 66 Multiply a 32-bit signed integer with a unsigned integer and return
the higher 32-bit of the result
DIV 34 Divide a 32-bit integer by a 32-bit integer and return the quotient
Divide DIivU 34 Divide a 32-bit unsigned integer by a 32-bit unsigned integer and
return the quotient
REM 34 Divide a 32-bit signed integer by a 32-bit signed integer and return
the remainder
REMU 34 Divide a 32-bit unsigned integer by a 32-bit unsigned integer and
return the remainder

1.6.3 ULP-RISC-V 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 9.

Enable bit

Interrupt

Description

0

0 N O O~ N =

Note:

TOUCH_DONE_INT
TOUCH_INACTIVE_INT
TOUCH_ACTIVE_INT
SARADCT1_DONE_INT
SARADC2_DONE_INT
TSENS_DONE_INT
RISCV_START_INT

SW_INT
SWD_INT

Triggered when the touch sensor completes the scan of a channel
Triggered when the touch pad is released

Triggered when the touch pad is touched

Triggered when SAR ADC1 completes the conversion one time
Triggered when SAR ADC2 completes the conversion one time
Triggered when the temperature sensor completes the dump of its data
Triggered when ULP-RISC-V powers on and starts working

Triggered by software
Triggered by timeout of Super Watchdog (SWD)

Table 9: ULP-RISC-V Interrupt List

¢ 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_|O
configuration, see Chapter IO MUX and GPIO Matrix.

e 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.

e For the information about RTC 12C interrupts, please refer to Section 1.7.4.
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1. ULP Coprocessor (ULP)

1.7 RTC I12C Controller

ULP coprocessor can use RTC 12C controller to read from or write to the external 12C slave devices.

1.7.1 Connecting RTC I12C Signals
SDA and SCL signals can be mapped onto two out of the four GPIO pins, which are identified in Table 40 in
Chapter 5 10 MUX and GPIO Matrix (GPIO, 10_MUX), using the register RTCIO_SAR_I2C_IO_REG.

1.7.2 Configuring RTC 12C

Before the ULP coprocessor can use the 12C instruction, certain parameters of the 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.

1. Set the low and high SCL half-periods by configuring RTC_I2C_SCL_LOW_PERIOD_REG and
RTC_I12C_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 condition by using RTC_I2C_SCL_START_PERIOD_REG (e.g.
RTC_I2C_SCL_START_PERIOD = 30).

4. Set the waiting time before the END condition by using RTC_I2C_SCL_STOP_PERIOD_REG (e.g.
RTC_I12C_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 RTC_I2C_MS_MODE bit 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 12C instruction.

Once RTC 12C is configured, the main CPU or the ULP coprocessor can communicate with the external 12C
devices.

1.7.3 Using RTC I12C
1.7.3.1 Instruction Format

The format of RTC 12C instruction is consistent with that of 12C0/12C1, see Section 25.3.2.2 CMD_Controller in
Chapter 25 12C Conitroller (12C). The only difference is that RTC 12C provides fixed instructions for different
operations, as follows:

e Command 0 ~ Command 1: specially for 12C write operation
e Command 2 ~ Command 6: specially for 12C read operation

Note: All slave addresses are expressed in 7 bits.
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1.7.3.2 12C_RD - 12C Read Workflow

Preparation for RTC 12C read:

e Configure the instruction list of RTC 12C (see Section CMD_Controller in Chapter 25 /2C 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 the registers 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 1-26):
1. Master generates a START condition.

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) condition.
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 condition and stops reading.

1 2 3 4 5 6 7 8 9 10
Master % Slave Address W Reg Address % Slave Address R el &
Slave $ S Data(n)
Figure 1-26. 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 microsecond, the master may receive incorrect data.

1.7.3.3 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 1I2C0/12C1 in Section CMD_Controller in Chapter 25 [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 the registers SENS_SAR_I2C_START_FORCE and SENS_SAR_I2C_START to start the transmission.

¢ Update the next data to be transmitted in the register SENS_SAR_I2C_CTRL[26:19], each time when an
RTC_I2C_TX_DATA_INT interrupt is received.

The 12C_WR instruction performs the following operations, see Figure 1-27.

1.
2.

10.

Master generates a START condition.

Master sends slave address, with r/w bit set to O (“write”). Slave address is obtained from
SENS_I2C_SLAVE_ADDRn.

Slave generates ACK.
Master sends slave register address.
Slave generates ACK.

Master generates a repeated START condition (RSTART).

. Master sends slave address, with r/w bit set to O (“write”).

Master sends one byte of data.

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.

Master generates a STOP condition and stops the transmission.

2 3 4 5
Slave Address W Reg Address

7 8 9
Slave Address W Data(n)

—_

STOP o

Master

START| —
RSTRT| O)

ACK
ACK
ACK

Slave

Figure 1-27. 12C Write Operation

1.7.3.4 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.

1.7.4 RTC I2C Interrupts

RTC_I2C_SLAVE_TRAN_COMP_INT: Triggered when the slave finishes the transaction.
RTC_I2C_ARBITRATION_LOST_INT: Triggered when the master loses control of the bus.
RTC_I2C_MASTER_TRAN_COMP_INT: Triggered when the master completes the transaction.
RTC_I2C_TRANS_COMPLETE_INT: Triggered when a STOP signal is detected.

RTC_I2C_TIME_OUT_INT: Triggered by time out event.
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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.

1.8 Base Address
1.8.1 ULP Coprocessor Base Address

Users can access ULP coprocessors with two base addresses, which can be seen in Table 10. For more
information about accessing peripherals from different buses please see Chapter 3: System and Memory.

Table 10: ULP Coprocessor Base Address

Module Bus to Access Peripheral | Base Address
PeriBUST 0x3F408000
ULP (ALWAYS_ON) ,
PeriBUS2 0x60008000
PeriBUST 0x3F408800
ULP (RTC_PERI) ,
PeriBUS2 0x60008800

Wherein:

e ULP (ALWAYS_ON) represents the registers, which will not be reset due to the power down of RTC_PERI
domain. See Chapter 9 Low-Power Management (RTC_CNTL).

e ULP (RTC_PERI) represents the registers in RTC_PERI domain, which will be reset due to the power down
of RTC_PERI domain. See Chapter 9 Low-Power Management (RTC_CNTL).

1.8.2 RTC I2C Base Address

Users can access the RTC 12C registers in RTC_PERI domain, including RTC_PERI registers and 12C registers,
with two base addresses, which can be seen in Table 11. For more information about accessing peripherals from
different buses please see Chapter 3: System and Memory.

Table 11: RTC 12C Base Address

Module Bus to Access Peripheral | Base Address
PeriBUST 0x3F408800
RTC 12C (RTC_PERI) ,
PeriBUS2 0x60008800
PeriBUST Ox3F408C00
RTC 12C (12C) ,
PeriBUS2 0x60008C00

1.9 Address Mapping
Table 12 shows the address mapping and available base registers for the peripherals accessible by ULP
COProcessors.
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Table 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 OxA400
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 13: Description of Registers for Peripherals Accessible by ULP Coprocessors

Registers Available for Peripherals

Described in Which Chapter

Registers for RTC Control

Chapter 9 Low-Power Management (RTC_CNTL)

Registers for RTC GPIO

Chapter 5 10 MUX and GFPIO Matrix (GPIO, I0_MUX)

Registers for ARC, Touch, TSENS

Chapter 32 On-Chip Sensor and Analog Signal Processing

Registers for RTC 12C

Section 1.10 Register Summary in this chapter

1.10 Register Summary

The address in the following part represents the address offset (relative address) with respect to the base address,
not the absolute address. For detailed information about the base address, please refer to Section 1.8.

1.10.1 ULP (ALWAYS_ON) Register Summary
Name ‘ Description Address | Access
ULP Timer Registers
RTC_CNTL_ULP_CP_TIMER_REG Configure the timer OxO00F8 | varies
RTC_CNTL_ULP_CP_TIMER_1_REG Configure sleep cycle of the timer 0x0130 | R/'W
ULP-FSM Register
RTC_CNTL_ULP_CP_CTRL_REG | ULP-FSM configuration register | OX00FC | R/W
ULP-RISC-V Register
RTC_CNTL_COCPU_CTRL_REG | ULP-RISC-V configuration register | 0x0100 | varies
1.10.2 ULP (RTC_PERI) Register Summary
Name Description Address | Access
ULP-RISC-V Registers
SENS_ SAR_COCPU_INT_RAW_REG Interrupt raw bit of ULP-RISC-V 0x0128 | RO
SENS_SAR_COCPU_INT_ENA_REG Interrupt enable bit of ULP-RISC-V 0x012C | R/W
SENS_SAR_COCPU_INT_ST_REG Interrupt status bit of ULP-RISC-V 0x0130 | RO
SENS_SAR_COCPU_INT_CLR_REG Interrupt clear bit of ULP-RISC-V 0x0134 | WO

1.10.3 RTC I2C (RTC_PERI) Register Summary
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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
1.10.4 RTC I2C (I12C) Register Summary
Name Description Address | Access
RTC 12C Signal Setting Registers
RTC_I2C_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 | 0x0018 | R/W
SCL edge
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 12C 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 12C 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 I12C 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_CMDS3_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
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Name Description Address | Access
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

1.11 Registers

The address in the following part represents the address offset (relative address) with respect to the base address,
not the absolute address. For detailed information about the base address, please refer to Section 1.8.

1.11.1  ULP (ALWAYS_ON) Registers
Register 1.1: RTC_CNTL_ULP_CP_TIMER_REG (0x00F8)
¥
QI &
S&y S
NP &
QQ /QQ 7R QQ ’
S &
QIR Q7
(000 5 oy
P & &

‘ 31| 30 | 29|28

10

‘OOOOOOOOOOOOOO

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)
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Register 1.2: RTC_CNTL_ULP_CP_TIMER_1_REG (0x0130)

<
0\/
o
%\9/
Q\/
\@Q/
OQ/
N
\//
Oé& ,\@6\
Q7 %)
& N
‘31 8|7 0‘
\ 200 0 0 00 0 0 O O‘Reset

RTC_CNTL_ULP_CP_TIMER_SLP_CYCLE Set sleep cycles for ULP coprocessor timer. (R/W)

Register 1.3: RTC_CNTL_ULP_CP_CTRL_REG (0x00FC)

N R L
SR >
Q/ / Q/ / X
PSERS N

‘ 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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Register 1.4: RTC_CNTL_COCPU_CTRL_REG (0x0100)

N &\//&\//&\//&\//&\//
52 9.9.9:%9
)
N SELEEL &

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)
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1.11.2 ULP (RTC_PERI) Registers

Register 1.5: SENS_ SAR_COCPU_INT_RAW_REG (0x0128)

o
S
S S S
S FF S
S ELL O P
>é\é& N\ 00\2\/\%?“ QO

A 3
S NI SIS S S SO
76767 S SO S Y ey
& LELLLLLL LSS
\31 9|8|7|6|5|4|3|2|1|0‘
\oo00oooo00oooo00oooo00o|o|0|o|o|o|o|0|0|o\Reset

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)
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Register 1.6: SENS_SAR_COCPU_INT_ENA_REG (0x012C)

£

&
&
&

S

o[ el oo ]e]

|O|O|O|O|0|0‘Reset

o

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)
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1. ULP Coprocessor (ULP)

Register 1.7: SENS_SAR_COCPU_INT_ST_REG (0x0130)

@Q/
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e%/%%/%%/%%/%%/e%/e% e%/&/
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0

0

0

0

0|10f0]0

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)
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1. ULP Coprocessor (ULP)

Register 1.8: SENS_SAR_COCPU_INT_CLR_REG (0x0134)

‘31 9| 8 7 6 5 4 3 2 1 0

\oooooooooooooooooooooooooooooooo\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)

1.11.3 RTC I2C (RTC_PERI) Registers

Register 1.9: SENS_SAR_I2C_CTRL_REG (0x0058)

<
&
IS
AR <&
e’ &7
@é\ %??\/??\/ %??\/
S 2o P
¢ S S
‘31 30|29|28|27 0‘
‘O O|O|O| 0 ‘Reset

SENS_SAR_I2C_CTRL RTC 12C control data; active only when SENS_SAR_I2C_START_FORCE =
1. (R/W)

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 I12C started by FSM; 1: RTC 12C started by software. (R/W)
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1. ULP Coprocessor (ULP)

Register 1.10: SENS_SAR_SLAVE_ADDR1_REG (0x0040)

Q N
& &
¥ S
2 N4
N8 N3
S 7 )7
@Q\Q) %%\?/ é%\j/
& & &
\o 0000 O0O0UOT 0O 0x0 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 1.11: SENS_SAR_SLAVE_ADDR2_REG (0x0044)
Q >
s s
S S
K N2
N8 N3
S 7 7
Q?\Q) é%gb e%\j/
& & &
\o 0000 OO0 OO0 O 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)
Register 1.12: SENS_SAR_SLAVE_ADDR3_REG (0x0048)
> ©
o s
s S
S N
Na N3
S Q/Q/ q/O’
QF\Q) éb} $%>
& & &
\o 0 0000 0 0 O o| 0x0 | 0x0 \Reset
SENS_I2C_SLAVE_ADDR5 RTC I12C slave address 5. (R/W)
SENS_I2C_SLAVE_ADDR4 RTC I2C slave address 4. (R/W)
Espressif Systems 58 ESP32-S2 TRM (v1.1)

Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=1.1

1. ULP Coprocessor (ULP)

Register 1.13: SENS_SAR_SLAVE_ADDR4_REG (0x004C)

© A
s s
¥ S
K 7
N8 N8
S 7 )7
s° %%\?’ @\j/
& & &
\o 0000 O0O0UOT 0O 0x0 0x0 \Reset
SENS_I2C_SLAVE_ADDR7 RTC I2C slave address 7. (R/W)
SENS_I2C_SLAVE_ADDR6 RTC I2C slave address 6. (R/W)
1.11.4 RTC I2C (I12C) Registers
Register 1.14: RTC_I2C_SCL_LOW_REG (0x0000)
o
5
@O
@/
e
e
Q)b\ O?
& %
%® «Q/
g &
\oooooooooooo| 0x100 \Reset

RTC_I2C_SCL_LOW_PERIOD_REG This register is used to configure how many clock cycles SCL
remains low. (R/W)

Register 1.15: RTC_I2C_SCL_HIGH_REG (0x0014)

o
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oF
RS
&
\2\/
9
\//
) Q?Q
Q)(\\Q) Q\Q/
/
& &
‘31 20|19 0‘
‘OOOOOOOOOOOO 0x100 ‘Reset

RTC_I2C_SCL_HIGH_PERIOD_REG This register is used to configure how many cycles SCL re-
mains high. (R/W)
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1. ULP Coprocessor (ULP)

Register 1.16: RTC_I2C_SDA_DUTY_REG (0x0018)

N
d/
00
7
Q?‘
N
s &
7/
N &
‘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 1.17: RTC_I2C_SCL_START_PERIOD_REG (0x001C)
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®Q
I %
s 2
& 07
N &
‘31 2o|19 0‘
\oooooooooooo| 8 \Reset

RTC_I2C_SCL_START_PERIOD Number of clock cycles to wait after generating a start condition.

(R/W)
Register 1.18: RTC_I2C_SCL_STOP_PERIOD_REG (0x0020)
Q
&O
Q/
O
\//%,&
O
Q)é\ O?
& %
%Q’ «Q/
g &
‘31 20|19 0‘
\oooooooooooo| 8 \Reset

RTC_I2C_SCL_STOP_PERIOD Number of clock cycles to wait before generating a stop condition.
(RW)
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1. ULP Coprocessor (ULP)

Register 1.19: RTC_I2C_CTRL_REG (0x0004)

o <&
&7 S d
RS LA A 20
<& <&, {2\%%«?(2\@ Q\C?’%O(‘/
o RITNRO PSS
S RN XS
, L8 FRIE @0

ELE & L
‘31|30|29|28 6|5|4|3|2|1|0
\0|o|o|ooooooooooooooooooooooo|o|o|o|0|0|oReset

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 I2C controller clock gate. (R/W)
RTC_I2C_RESET RTC I2C software reset. (R/W)
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1. ULP Coprocessor (ULP)

Register 1.20: RTC_I2C_STATUS_REG (0x0008)

o
&
o &
sSSP A L
$ SSERSE
2% PP RIS
7 S ¥

§
s Rl
X 7/ 7/ 7/ 7/ 7/ 7/ 7
¢ T ELELLE
‘ 31 8|7 6| 5 4 3 2 1 0 ‘

[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|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 1.21: RTC_I2C_TO_REG (0x000C)

o
&
&
N
S )
© v
%Q’ «Q/
N <&
‘31 20| 19 0‘
\o 0 00 00 O0OTO 00U OGO 0O 0x10000 \Reset
RTC_I2C_TIME_OUT_REG Timeout threshold. (R/W)
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1. ULP Coprocessor (ULP)

Register 1.22: 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)

Register 1.23: RTC_I2C_INT_CLR_REG (0x0024)

> On
\?‘ ,\9\/\%&&9\/\9‘
/\9 > @2 z/O% <&
\é > \g‘ \9\ \</2\ /QO O(O Q}é
L7 0¥ O Q,&/\,é/\/ N\
LUK S LS K DR
ég@g&’é@f &% ,\@é\@&@
O O W
Q)@@& PP E L L L LS L
& OGO LOLOLO GO GO
\o 0 000 0ODO0OOT OGO OTG DU OGO OT OGO OGO OO O0UO0TO 00 O 0|0|0|0|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.

(WOQ)
RTC_I2C_TIME_OUT_INT_CLR RTC_I2C_TIME_OUT_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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1. ULP Coprocessor (ULP)

Register 1.24: 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_TIME_OUT_INT_RAW RTC_I2C_TIME_OUT_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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1. ULP Coprocessor (ULP)

Register 1.25: RTC_I2C_INT_ST_REG (0x002C)
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0 000 O0DO0 OGO 00O 0|0|0|o|o|0|0|0|0|0\Reset

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_TIME_OUT_INT_ST RTC_I2C_TIME_OUT_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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1. ULP Coprocessor (ULP)

Register 1.26: RTC_I2C_INT_ENA_REG (0x0030)
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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_TIME_OUT_INT_ENA RTC_I2C_TIME_OUT_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 1.27: RTC_I2C_DATA_REG (0x0034)
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o7 S 7 7
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‘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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1. ULP Coprocessor (ULP)

Register 1.28: RTC_I2C_CMDO0_REG (0x0038)
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‘ 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 1.29: RTC_I2C_CMD1_REG (0x003C)
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‘ 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
2C_COMD1_REG in Chapter 12C Controller. (R/W)

RTC_I2C_COMMAND1_DONE When command 1 is done, this bit changes to 1. (RO)

Register 1.30: RTC_I2C_CMD2_REG (0x0040)

&
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& 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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1. ULP Coprocessor (ULP)

Register 1.31: RTC_I2C_CMD3_REG (0x0044)
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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 1.32: RTC_I2C_CMD4_REG (0x0048)
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RTC_I2C_COMMAND4 Content of command 4. For more information, please refer to the register
2C_COMD4_REG in Chapter 12C Controller. (R/W)

RTC_I2C_COMMAND4_DONE When command 4 is done, this bit changes to 1. (RO)

Register 1.33: RTC_I2C_CMD5_REG (0x004C)
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‘ 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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1. ULP Coprocessor (ULP)

Register 1.34: RTC_I2C_CMD6_REG (0x0050)
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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 1.35: RTC_I2C_CMD7_REG (0x0054)
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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 1.36: RTC_I2C_CMD8_REG (0x0058)
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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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1. ULP Coprocessor (ULP)

Register 1.37: RTC_I2C_CMD9_REG (0x005C)
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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 1.38: RTC_I2C_CMD10_REG (0x0060)

¢
S
Q7 Q
S O
® S
N N\
N >
J . ¢
. Q/C)/ @{@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 1.39: 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 1.40: RTC_I2C_CMD12_REG (0x0068)

%Q/
oS S
O\ Q\
& &
N N
O® O®
O N O
o\(LO/ Q?\Qp Y /
7/ 7
< \@? Q'§
‘ 31 | 30 14 | 13 0‘
‘ ofo o o o 0 O O 0O OOO O O O O 0 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 1.41: RTC_I2C_CMD13_REG (0x006C)

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 1.42: RTC_I2C_CMD14_REG (0x0070)

éo
u?o ™
S S
& &
N\ N
S >
O
N
O\Q/O/ Q)GQ’G Q\Q/C)’
/ 7/
A \@J{b Q's
‘ 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 1.43: RTC_I2C_CMD15_REG (0x0074)

5 ¢
O Q)c\% \Q/
A \@% &K

14 |13 0‘

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 1.44: RTC_I2C_DATE_REG (0x00FC)

&
§
IS >
© '
Q &O/
N &
‘31 28|27 0‘
\o 0 0 o0 0x1905310 \Reset

RTC_I2C_DATE \Version control register (R/W)
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2. DMA Controller (DMA)

2.1 Overview
Direct Memory Access (DMA) is a feature that allows peripheral-to-memory and memory-to-memory data transfer
at a high speed. The CPU is not involved in the DMA transfer, and therefore it becomes more efficient.

ESP32-S2 has three types of DMA, namely Internal DMA, EDMA and Copy DMA. Internal DMA can only access
internal RAM and is used for data transfer between internal RAM and peripherals. EDMA can access both
internal RAM and external RAM and is used for data transfer between internal RAM, external RAM and
peripherals. Copy DMA can only access internal RAM and is used for data transfer from one location in internal
RAM to another.

Eight peripherals on ESP32-S2 have DMA features. As shown in Figure 2-1, UARTO and UART1 share one
Internal DMA; SPI3 and ADC Controller share one Internal DMA; AES Accelerator and SHA Accelerator share one
EDMA (i.e. Crypto DMA); SPI2 and 1250 have their individual EDMA. Besides, the CPU Peripheral module on
ESP32-S2 also has one Copy DMA.

Modules Data Transfer
UARTO UART1 Between internal
RAM and
SPI3 ADC peripherals
AE
S SHA Between internal

RAM, external

SPI2
RAM and
2S0 peripherals
CPU Peripheral } Within internal RAM

Figure 2-1. Modules with DMA and Supported Data Transfers

2.2 Features
The DMA controller has the following features:

e AHB bus architecture

Half-duplex and full-duplex mode

Programmable length of data to be transferred in bytes

INCR burst transfer when accessing internal RAM
e Access to an address space of 320 KB at most in internal RAM

e Access to an address space of 10.5 MB at most in external RAM

High-speed data transfer using DMA
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2. DMA Controller (DMA)

2.3 Functional Description

In ESP32-S2, all modules that need high-speed data transfer support DMA. The DMA controller and CPU data
bus have access to the same address space in internal RAM and external RAM. DMA controllers for different
modules vary in functions according to needs, but their architecture is identical.

2.3.1 DMA Engine Architecture

DMA_ENGINE
outlink
Internal > descriptor 0
Ram 5 Tx
>
I% descriptor n
& inlink
(%]
descriptor 0
External g RX

A

Ram

descriptor n

Figure 2-2. DMA Engine Architecture

A DMA engine reads/writes data to/from external RAM or internal RAM via the AHB_BUS. Figure 2-2 shows the
basic architecture of a DMA engine. For how to access RAM, please see Chapter 3 System and Memory.
Software can use the DMA engine through linked lists. The DMA_ENGINE transmits data in corresponding RAM
according to the outlink (i.e. a linked list of transmit descriptors), and stores received data into specific address
space in RAM according to the inlink (i.e. a linked list of receive descriptors).

2.3.2 Linked List

Linked List

31 30 29 28 27 23 11 0
DWO

-~ DWO ‘owner ‘suc_eof‘Reserved‘err_eof‘Reserved‘Iength‘ size ‘

DW2 \» DW1 ‘ buffer address pointer ‘

< DWO bw2 ‘ Next descriptor address ‘
DW1
DwW2
< DWO
DwW1
DW2

Figure 2-3. Structure of a Linked List

Figure 2-3 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 DMA engine to be able to use them. The meaning of each field is as follows:

e 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 DMA controller can access the buffer.
When the DMA controller stops using the buffer, this bit is cleared by hardware. You can set
PERI_IN_LOOP_TEST bit to disable automatic clearing by hardware. When software loads a linked list, this

Espressif Systems 74 ESP32-S2 TRM (v1.1)
Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=1.1

2. DMA Controller (DMA)

bit should be set to 1.
Note: PERI refers to modules that support DMA transfers, e.g. 12S, SPI, UHCI, etc.

e suc_eof (DWO) [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 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.

e err_eof (DWO) [28]: Specifies whether the received data has errors.
This bit is used only when UART DMA receives data. When an error is detected in the received packet, this
bit in the receive descriptor is set to 1 by hardware.

e Reserved (DWO0) [27:24]: Reserved.

e 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 bytes
have been stored into the buffer.

e Size (DWO) [11:0]: Specifies the size of the buffer that this descriptor points to.
When the DMA controller accesses external RAM, this field must be a multiple of 16/32/64 bytes. Please
see more details in Section 2.3.8 Accessing External RAM.

e Buffer address pointer (DW1): Pointer to the buffer.
When the DMA controller accesses external RAM, the destination address must be aligned with
PERI_EXT_MEM_BK_SIZE field. Please see more details in Section 2.3.8 Accessing External RAM.

e Next descriptor address (DW2): Pointer to 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 DMA controller will not use available space
of the buffer in the next transaction.

2.3.3 Enabling DMA

Software uses the DMA controller through linked lists. When the DMA controller receives data, software loads an
inlink, configures PERI_INLINK_ADDR field with address of the first receive descriptor, and sets
PERI_INLINK_START bit to enable DMA. When the DMA controller transmits data, software loads an outlink,
prepares data to be transmitted, configures FPERI_OUTLINK_ADDR field with address of the first transmit
descriptor, and sets PERI_OUTLINK_START bit to enable DMA. PERI_INLINK_START bit and
PERI_OUTLINK_START bit are cleared automatically by hardware.

The DMA controller can be restarted. If you are not sure whether the loaded linked list has been used up or not
and want to load a new linked list, you can use this Restart function without affecting the loaded linked list. When
using the Restart function, software needs to rewrite address of the first descriptor in the new list to DW2 of the
last descriptor in the loaded list, loads the new list as shown in Figure 2-4, and set PER/_INLINK_RESTART bit or
PERI_OUTLINK_RESTART bit (these two bits are cleared automatically by hardware). 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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of linked list

The last descriptor
Next descriptor address

Next descriptoriddr?
( . New linked list

Figure 2-4. Relationship among Linked Lists

2.3.4 Linked List reading process

Once configured and enabled by software, the DMA controller starts to read the linked list from internal RAM.
PERI_IN_DSCR_ERR_INT_ENA bit or PER/_OUT_DSCR_ERR_INT_ENA bit can be set to enable descriptor error
interrupt. If the buffer address pointer (DW1) does not point to Ox3FFBO000 ~ Ox3FFFFFFF when the DMA
controller accesses internal RAM, or does not point to O0x3F500000 ~ Ox3FF7FFFF when the DMA controller
accesses external RAM, a descriptor error interrupt is generated.

Note: The third word (DW?2) in a descriptor can only point to internal RAM,; it points to the next descriptor to use
and descriptors must be in internal memory.

2.3.5 EOF

The DMA controller uses EOF (end of file) flags to indicate the completion of data transfer.

Before the DMA controller transmits data, PER/_OUT_TOTAL_EOF_INT_ENA bit should be set. If data in the
buffer pointed by the last descriptor has been transmitted, a PER/_OUT_TOTAL_EOF_INT interrupt is
generated.

Before the DMA controller receives data, PER/_IN_SUC_EOF_INT_ENA bit should be set. If data has been
received successfully, a PERI_IN_SUC_EOF_INT interrupt is generated. In addition to PERI_IN_SUC_EOF_INT
interrupt, UART DMA also supports UHCI_IN_ERR_EOF_INT. This interrupt is enabled by setting
UHCIL_IN_ERR_EOF_INT_ENA bit, and it indicates that a data packet has been received with errors.

When a PERI_OUT_TOTAL_EOF_INT or a PERI_IN_SUC_EOF_INT interrupt is detected, software can record the
value of field PER/_OUTLINK_DSCR_ADDR or PERI_INLINK_DSCR_ADDR, i.e. address of the last descriptor
(right shifted 2 bits). Therefore, software can tell which descriptors have been used and reclaim them.

Note: In this chapter, EOF of transmit descriptors refers to suc_eof, EOF of receive descriptors refers to both
suc_eof and err_eof.

2.3.6 Internal DMA

Internal DMA is used by UARTO, UART1, SPI3, and ADC Controller. It can only access 0x3FFB000O ~
Ox3FFFFFFF in internal RAM. For Internal DMA, size, length, and buffer address pointer in linked list descriptors
are not necessarily word-aligned. In other words, Internal DMA can read data of specified length from any
starting address in the accessible address range, or write data of the specified length to any contiguous
addresses in the accessible address range.
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2.3.7 EDMA
EDMA is used by 1250, SPI12, AES Accelerator, and SHA Accelerator. It can access both internal RAM and
external RAM.

2.3.7.1 Accessing Internal RAM

Like Internal DMA, EDMA can access Ox3FFB0000 ~ Ox3FFFFFFF in internal RAM. Size, length, and buffer
address pointer in linked list descriptors are also not necessarily word-aligned. Please note that if EDMA receives
more than one data frame with null character (null character indicates empty data, which will not be written into
memory by EDMA; such a character is generated together with EOF), as shown in Figure 2-5 there must be at
least three bytes between EOF in the first data frame and EOF in the second data frame. In this case, EOF could
be either suc_eof or err_eof.

EDMA can send data in burst mode to improve data transfer efficiency. To enable burst mode, please set
PERI_OUT_DATA_BURST_EN bit.

‘ Interval > 3 '
eof/null eof/null
DO | D1| .. | Dn DO |Dl| .. |Dn)|
The first frame data The second frame data

Figure 2-5. EDMA Receiving Data Frames in Internal

2.3.8 Accessing External RAM

EDMA can access 0x3F500000 ~ Ox3FF7FFFF in external RAM. The block size of EDMA can be 16 bytes, 32
bytes or 64 bytes. That is, the amount of data to transfer at a time can be 16 bytes, 32 bytes or 64 bytes. To
configure the block size, please set PERI_EXT_MEM_BK_SIZE bit. Note that all EDMA should have the same

block size.

When EDMA accesses external RAM, fields in linked list descriptors should be aligned with block size.
Specifically, size and buffer address pointer in receive descriptors should be 16-byte, 32-byte or 64-byte aligned.
For data frame whose length is not a multiple of 16 bytes, 32 bytes, or 64 bytes, EDMA adds padding bytes to
the end. After PERI_DMA_IN_SUC_EOF_INT is detected, software can check the amount of valid data by reading
length field in receive descriptors. Size, length and buffer address pointer in transmit descriptors are not
necessarily aligned with block size. Table 18 illustrates the value of PER/_EXT_MEM_BK_SIZE bit when fields in
linked list descriptors are 16-byte, 32-byte and 64-byte aligned respectively.
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Table 18: Relationship Between Configuration Register, Block Size and Alignment

PERI_EXT_MEM_BK_SIZE Block Size Alignment

0 16 bytes 16-byte aligned
1 32 bytes 32-byte aligned
2 64 bytes 64-byte aligned

2.4 Copy DMA Controller

Copy DMA is used for data transfer from one location in internal RAM to another. Figure 2-6 shows the
architecture of a Copy DMA engine. Unlike Internal DMA and EDMA, Copy DMA first reads data to be transferred
from internal RAM, stores the data into the DMA FIFO via an outlink, and then writes the data to the target
internal RAM via an inlink.

Copy DMA should be configured by software as follows:

1. Set CP_DMA_IN_RST, CP_DMA_OUT_RST, CP_DMA_FIFO_RST and CP_DMA_CMDFIFO_RST bit first to
1 and then to O, to reset Copy DMA state machine and FIFO pointer;

2. Load an outlink, and configure CP_DMA_OUTLINK_ADDR with address of the first transmit descriptor;
3. Load an inlink, and configure CP_DMA_INLINK_ADDR with address of the first receive descriptor;
4. Set CP_DMA_OUTLINK_START to enable DMA transmission;

5. Set CP_DMA_INLINK_START to enable DMA reception.

DMA_ENGINE
outlink

descriptor 0

|

descriptor n
Internal P

Ram

sNg gHv

inlink

descriptor 0

descriptor n

Figure 2-6. Copy DMA Engine Architecture

2.5 UART DMA (UDMA) Controller
ESP32-S2 has two UART controllers. They share one UDMA controller. UHCI_UART_CE specifies which UART
controller gets access to UDMA.

Figure 2-7 shows how data is transferred using UDMA. Before UDMA receives data, software prepares an inlink.
UHCI_INLINK_ADDR points to the first receive descriptor in the inlink. After UHCI_INLINK_START is set, UHCI
sends data that UART has received to the Decoder. The decoded data is then stored into the RAM pointed by
the inlink under the control of UDMA.

Espressif Systems 78 ESP32-S2 TRM (v1.1)
Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=1.1

2. DMA Controller (DMA)

UDMA

DMA_ENGINE

UHCI

Encoder

«—— Decoder

UART

Transmitter

txd_out

Receiver

rxd_in

Figure 2-7. Data Transfer in UDMA Mode

Before UDMA sends data, software prepares an outlink and data to be sent. UHCI_OUTLINK_ADDR points to
the first transmit descriptor in the outlink. After UHCI_OUTLINK_START is set, UDMA reads data from the RAM
pointed by outlink. The data is then encoded by the Encoder, and sent sequentially by the UART

transmitter.

Data packets of UDMA have separators at the beginning and the end, with data bits in the middle. The encoder
inserts separators in front of and after data bits, and replaces data bits identical to separators with special

characters. The decoder removes separators in front of and after data bits, and replaces special characters with

separators. There can be more than one continuous separator at the beginning and the end of a data packet.
The separator is configured by UHCI_SEPER_CHAR, 0xCO by default. The special character is configured by
UHCI_ESC_SEQO_CHARO (0xDB by default) and UHCI_ESC_SEQO_CHAR1 (0xDD by default). When all data
has been sent, a UHCI_OUT_TOTAL_EOF_INT interrupt is generated. When all data has been received, a

UHCI_IN_SUC_EOF_INT is generated.

2.6 SPI DMA Controller

DMA_ENGINE

SPI2

DMA_ENGINE

'Y

Y

SPI3

Figure 2-8. SPI DMA

As shown in Figure 2-8, SPI2 and SPI3 have separate DMA controllers.

SPI DMA receives and transmits data through descriptors at least one byte at a time. The transmission of data

can be done in bursts.

SPI_OUTLINK_START bit of SPI_DMA_OUT_LINK_REG register and SPI_INLINK_START bit of
SPI_DMA_IN_LINK_REG register are used to enable the DMA engine and are cleared by hardware. When
SPI_OUTLINK_START is set to 1, the DMA engine loads an outlink and prepares data to be transferred; when
SPI_INLINK_START is set to 1, the DMA engine loads an inlink and prepares to receive data.

When receiving data, SPI DMA should be configured by software as follows:
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1. Set SPI_IN_RST, SPI_AHBM_FIFO_RST and SPI_AHBM_RST bit first to 1 and then to 0, to reset DMA
state machine and FIFO pointer;

2. Load an inlink, and configure SPI_INLINK_ADDR with address of the first receive descriptor;
3. Set SPI_INLINK_START to enable DMA reception.
When transmitting data, SPI DMA should be configured by software as follows:

1. Set SPI_OUT_RST, SPI_AHBM_FIFO_RST and SPI_AHBM_RST bit first to 1 and then to 0, to reset RMA
state machine and FIFO pointer;

2. Load an outlink, and configure SPI_OUTLINK_ADDR with address of the first transmit descriptor;
3. Set SPI_OUTLINK_START to enable DMA transmission.

Note: When SPI DMA transfers data between internal RAM and external RAM, SPI_MEM_TRANS_EN should be
set.

SPI DMA also supports data transfer in segments. For more details, please refer to Chapter 24 SFI Controller
(SPI).

2.7 12S DMA Controller

ESP32-S2 I12S has an individual DMA. 12S_DSCR_EN bit of I2S_FIFO_CONF_REG register is used to enable
DMA transfer of 12S. 12S DMA receives and transmits data through linked lists. The transmission of data can be
done in bursts. 125_RX_EOF_NUM[31:0] bit of I2S_RXEOF_NUM_REG register is used to configure how many
words of data to be received at a time.

12S_OUTLINK_START bit of 12S_OUT_LINK_REG and I12S_INLINK_START bit of I12S_IN_LINK_REG register are
used to enable the DMA engine and are cleared by hardware. When 12S_OUTLINK_START bit is set to 1,the
DMA engine loads an outlink and prepares data to be transferred; when 12S_INLINK_START is set to 1,the DMA
engine loads an inlink and prepares to receive data.

When receiving data, 12S DMA should be configured by software as follows:

1. Set I2S_IN_RST, 12S_AHBM_FIFO_RST and 12S_AHBM_RST bit first to 1 and then to O, to reset DMA
state machine and FIFO pointer;

2. Load an inlink, and configure 12S_INLINK_ADDR with address of the first receive descriptor;
3. Set I2S_INLINK_START to enable DMA reception.
When transmitting data, 12S DMA should be configured by software as follows:

1. Set 12S5_OUT_RST, 12S_AHBM_FIFO_RST and 12S_AHBM_RST bit first to 1 and then to 0, to reset DMA
state machine and FIFO pointer;

2. Load an outlink, and configure 125_OUTLINK_ADDR with address of the first transmit descriptor;
3. Set 12S5_OUTLINK_START to enable DMA transmission.

Note: When 12S DMA transfers data between internal RAM and external RAM using 12S DMA,
12S_MEM_TRANS_EN should be set.

For how data is stored in 12S mode, please refer to description about 12S mode in Chapter 26 125 Controller (12S);
for how data is stored in LED mode, please refer to Section 26.10 LCD Master Transmitting Mode in Chapter 26
12S Controller (12S).
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For more information about 12S DMA interrupts, please refer to Section 26.12.2 DMA Interrupts in Chapter 26 12S
Controller (12S).

2.8 Crypto DMA

AES Accelerator and SHA Accelerator (cryptographic hardware accelerators) on ESP32-S2 share one dedicated
EDMA, which is called as Crypto DMA. If CRYPTO_DMA_AES_SHA_SELECT is set, Crypto DMA is used by SHA
Accelerator. If CRYPTO_DMA_AES_SHA_SELECT is cleared, Crypto DMA is used by AES Accelerator.

When receiving data, Crypto DMA should be configured by software as follows:

1. Set CRYPTO_DMA_IN_RST, CRYPTO_DMA_AHBM_FIFO_RST and CRYPTO_DMA_AHBM_RST bit first
to 1 and then to 0, to reset DMA state machine and FIFO pointer;

2. Load an inlink, and configure CRYPTO_DMA_INLINK_ADDR with address of the first receive descriptor;
3. Set CRYPTO_DMA_INLINK_START to enable DMA reception.
When transmitting data, Crypto DMA should be configured by software as follows:

1. Set CRYPTO_DMA_OUT_RST, CRYPTO_DMA_AHBM_FIFO_RST and CRYPTO_DMA_AHBM_RST first to
1 and then to 0, to reset DMA state machine and FIFO pointer;

2. Load an outlink, and configure CRYPTO_DMA_OUTLINK_ADDR with address of the first transmit
descriptor;

3. Set CRYPTO_DMA_OUTLINK_START to enable DMA transmission.

Note: When Crypto DMA is used for data transfer between internal RAM and external RAM, please set
CRYPTO_DMA_MEM_TRANS_EN.

2.9 Copy DMA Interrupts
e CP_DMA_OUT_TOTAL_EOF_INT: Triggered when all data corresponding to a linked list (including multiple
descriptors) has been sent.

e CP_DMA_IN_DSCR_EMPTY_INT: Triggered when the size of the buffer pointed by receive descriptors is
smaller than the length of data to be received.

e CP_DMA_OUT_DSCR_ERR_INT: Triggered when an error is detected in a transmit descriptor.
e CP_DMA_IN_DSCR_ERR_INT: Triggered when an error is detected in a receive descriptor.

e CP_DMA_OUT_EOF_INT: Triggered when EOF in a transmit descriptor is 1 and data corresponding to this
descriptor has been sent.

e CP_DMA_OUT_DONE_INT: Triggered when all data corresponding to a transmit descriptor has been sent.
e CP_DMA_IN_SUC_EOF_INT: Triggered when a data packet has been received.

e CP_DMA_IN_DONE_INT: Triggered when all data corresponding to a receive descriptor has been received.

2.10 Crypto DMA Interrupts
o CRYPTO_DMA_INFIFO_FULL_WM_INT: Triggered when the amount of data in DMA RX FIFO is larger than
the threshold (the value of CRYPTO_DMA_INFIFO_FULL_THRS).
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e CRYPTO_DMA_OUT_TOTAL_EOF_INT: Triggered when all data corresponding to a linked list (including
multiple descriptors) has been sent.

¢ CRYPTO_DMA_IN_DSCR_EMPTY_INT: Triggered when the size of the buffer pointed by receive
descriptors is smaller than the length of data to be received.

e CRYPTO_DMA_OUT_DSCR_ERR_INT: Triggered when an error is detected in a receive descriptor.
o CRYPTO_DMA_IN_DSCR_ERR_INT: Triggered when an error is detected in a transmit descriptor.

e CRYPTO_DMA_OUT_EOF_INT: Triggered when EOF in a transmit descriptor is 1 and all data
corresponding to this descriptor has been sent.

e CRYPTO_DMA_OUT_DONE_INT: Triggered when all data corresponding to a transmit descriptor has been
sent.

e CRYPTO_DMA_IN_ERR_EOF_INT: Reserved.
e CRYPTO_DMA_IN_SUC_EOF_INT: Triggered when a data packet has been received.

o CRYPTO_DMA_IN_DONE_INT: Triggered when all data corresponding to a receive descriptor has been
sent.

2.11 Base Address

Users can access Copy DMA and Crypto DMA respectively with two base addresses, which can be seen in table
19. Details about UART DMA, SPI DMA and 12S DMA are included in individual chapters. For more information
about accessing peripherals from different buses, please see Chapter 3 System and Memory.

Table 19: Copy DMA and Crypto DMA Base Address

Module Bus to Access Peripheral | Base Address
CP DMA PeriBUS1 O0x3F4C3000
PeriBUST Ox3F43F000
CRYPTO DMA ,
PeriBUS2 0x6003F000

2.12 Register Summary
The addresses in the following table are relative to the Copy DMA base addresses provided in Section
2.11.

Name ‘ Description Address | Access
Interrupt Registers

CP_DMA_INT_RAW_REG Raw interrupt status 0x0000 | RO
CP_DMA_INT_ST_REG Masked interrupt status 0x0004 | RO
CP_DMA_INT_ENA_REG Interrupt enable bits 0x0008 | R/W
CP_DMA_INT_CLR_REG Interrupt clear bits 0x000C | WO
Configuration Registers

CP_DMA_OUT_LINK_REG Link descriptor address and control 0x0010 | varies
CP_DMA_IN_LINK_REG Link descriptor address and control 0x0014 | varies
CP_DMA_CONF_REG Copy DMA configuration register 0x003C | R/W
Status Registers

CP_DMA_OUT_EOF_DES_ADDR_REG | Transmit descriptor address when EOF occurs | 0x0018 ‘ RO
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Name Description Address | Access
CP_DMA_IN_EOF_DES_ADDR_REG Receive descriptor address when EOF occurs 0x001C | RO
CP_DMA_OUT_EOF_BFR_DES_ADDR | Transmit descriptor address before the last | Ox0020 | RO
_REG transmit descriptor
CP_DMA_INLINK_DSCR_REG Address of current receive descriptor 0x0024 | RO
CP_DMA_INLINK_DSCR_BFO_REG Address of last receive descriptor 0x0028 | RO
CP_DMA_OUTLINK_DSCR_REG Address of current transmit descriptor 0x0030 | RO
CP_DMA_OUTLINK_DSCR_BFO_REG Address of last transmit descriptor 0x0034 | RO
CP_DMA_IN_ST_REG Status register of receiving data 0x0040 | RO
CP_DMA_OUT_ST_REG Status register of transmitting data 0x0044 | RO
CP_DMA_DATE_REG Copy DMA version control register OxO0FC | R/W
The addresses in the following table are relative to the Crypto DMA base addresses provided in Section
2.11.
Name Description Address | Access
Configuration Registers
CRYPTO_DMA_CONFO_REG DMA configuration register 0x0000 | R/W
CRYPTO_DMA_OUT_LINK_REG Link descriptor address and control 0x0024 | varies
CRYPTO_DMA_IN_LINK_REG Link descriptor address and control 0x0028 | varies
CRYPTO_DMA_CONF1_REG DMA configuration register 0x002C | R/W
CRYPTO_DMA_AHB_TEST_REG AHB test register 0x0048 | R/W
CRYPTO_DMA_AES_SHA_SELECT AES/SHA select register 0x0064 | R/W
_REG
CRYPTO_DMA_PD_CONF_REG Power control register 0x0068 | R/W
CRYPTO_DMA_DATE_REG Crypto DMA version control register Ox00FC | R/W
Interrupt Registers
CRYPTO_DMA_INT_RAW_REG Raw interrupt status 0x0004 | RO
CRYPTO_DMA_INT_ST_REG Masked interrupt status 0x0008 | RO
CRYPTO_DMA_INT_ENA_REG Interrupt enable bits 0x000C | R/W
CRYPTO_DMA_INT_CLR_REG Interrupt clear bits 0x0010 | WO
Status Registers
CRYPTO_DMA_OUT_STATUS_REG TX FIFO status register 0x0014 | RO
CRYPTO_DMA_IN_STATUS_REG RX FIFO status register 0x001C | RO
CRYPTO_DMA_STATEO_REG Status register of receiving data 0x0030 | RO
CRYPTO_DMA_STATE1_REG Status register of transmitting data 0x0034 | RO
CRYPTO_DMA_OUT_EOF_DES_ADDR | Transmit descriptor address when EOF occurs 0x0038 | RO
_REG
CRYPTO_DMA_IN_SUC_EOF_DES Receive descriptor address when EOF occurs 0x003C | RO
_ADDR_REG
CRYPTO_DMA_IN_ERR_EOF_DES Receive descriptor address when errors occur 0x0040 | RO
_ADDR_REG
CRYPTO_DMA_OUT_EOF_BFR_DES Transmit descriptor address before the last | Ox0044 | RO
_ADDR_REG transmit descriptor
CRYPTO_DMA_IN_DSCR_REG Address of current receive descriptor 0x004C | RO
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Name Description Address | Access
CRYPTO_DMA_IN_DSCR_BFO_REG Address of last receive descriptor 0x0050 | RO
CRYPTO_DMA_OUT_DSCR_REG Address of current transmit descriptor 0x0058 | RO
CRYPTO_DMA_OUT_DSCR_BFO_REG | Address of last transmit descriptor 0x005C | RO
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2.13 Registers

Register 2.1: CP_DMA_INT_RAW_REG (0x0000)
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ofofofofofofofo]o|Rest

CP_DMA_IN_DONE_INT_RAW This is the interrupt raw bit. Triggered when the last data of frame is
received or the receive buffer is full indicated by receive descriptor. (RO)

CP_DMA_IN_SUC_EOF_INT_RAW This is the interrupt raw bit. Triggered when the last data of one
frame is received. (RO)

CP_DMA_OUT _DONE_INT_RAW This is the interrupt raw bit. Triggered when all data indicated by
one transmit descriptor has been pushed into TX FIFO. (RO)

CP_DMA_OUT_EOF_INT_RAW This is the interrupt raw bit. Triggered when the last data with EOF
flag has been pushed into TX FIFO. (RO)

CP_DMA_IN_DSCR_ERR_INT_RAW This is the interrupt raw bit. Triggered when detecting receive
descriptor error, including owner error, the second and third word error of receive descriptor. (RO)

CP_DMA_OUT_DSCR_ERR_INT_RAW This is the interrupt raw bit. Triggered when detecting trans-
mit descriptor error, including owner error, the second and third word error of transmit descriptor.

(RO)

CP_DMA_IN_DSCR_EMPTY_INT_RAW This is the interrupt raw bit. Triggered when receiving data
is completed and no more receive descriptor. (RO)

CP_DMA_OUT_TOTAL_EOF_INT_RAW This is the interrupt raw bit. Triggered when data corre-
sponding to all transmit descriptors and the last descriptor with valid EOF is transmitted out. (RO)
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Register 2.2: CP_DMA_INT_ST_REG (0x0004)
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CP_DMA_IN_DONE_INT_ST This is the masked interrupt bit for CP_DMA_IN_DONE_INT interrupt
when CP_DMA_IN_DONE_INT_ENA is set. (RO)

CP_DMA_IN_SUC_EOF_INT_ST This is the masked interrupt bit for CP_DMA_IN_SUC_EOF_INT in-
terrupt when CP_DMA_IN_SUC_EOF_INT_ENA is set. (RO)

CP_DMA_OUT_DONE_INT_ST This is the masked interrupt bit for CP_DMA_OUT_DONE_INT inter-
rupt when CP_DMA_OUT_DONE_INT_ENA is set. (RO)

CP_DMA_OUT_EOF_INT_ST This is the masked interrupt bit for CP_DMA_OUT_EOF_INT interrupt
when CP_DMA_OUT_EOF_INT_ENA is set. (RO)

CP_DMA_IN_DSCR_ERR_INT_ST This is the masked interrupt bit for CP_DMA_IN_DSCR_ERR_INT
interrupt when CP_DMA_IN_DSCR_ERR_INT_ENA is set. (RO)

CP_DMA_OUT_DSCR_ERR_INT_ST This is the masked interrupt bit for
CP_DMA_OUT_DSCR_ERR_INT interrupt when CP_DMA_OUT_DSCR_ERR_INT_ENA is
set. (RO)

CP_DMA_IN_DSCR_EMPTY_INT_ST This is the masked interrupt bit for
CP_DMA_IN_DSCR_EMPTY_INT interrupt when CP_DMA_IN_DSCR_EMPTY_INT_ENA is
set. (RO)

CP_DMA_OUT_TOTAL_EOF_INT_ST This is the masked interrupt bit for
CP_DMA_OUT_TOTAL_EOF_INT interrupt when CP_DMA_OUT_TOTAL_EOF_INT_ENA is
set. (RO)

Espressif Systems 86 ESP32-S2 TRM (v1.1)
Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=1.1

2. DMA Controller (DMA)

Register 2.3: CP_DMA_INT_ENA_REG (0x0008)
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CP_DMA_IN_DONE_INT_ENA This is the interrupt enable bit for CP_DMA_IN_DONE_INT interrupt.

(R/W)

CP_DMA_IN_SUC_EOF_INT_ENA This is the interrupt enable bit for CP_DMA_IN_SUC_EOF_INT

interrupt. (R/W)

CP_DMA_OUT_DONE_INT_ENA This is the interrupt enable bit for CP_DMA_OUT_DONE_INT inter-

rupt. (R/W)

CP_DMA_OUT_EOF_INT_ENA This is the interrupt enable bit for CP_DMA_OUT_EOF_INT interrupt.

(R/W)

CP_DMA_IN_DSCR_ERR_INT_ENA This is the

CP_DMA_IN_DSCR_ERR_INT interrupt. (R/W)

CP_DMA_OUT_DSCR_ERR_INT_ENA This is the
CP_DMA_OUT_DSCR_ERR_INT interrupt. (R/W)

CP_DMA_IN_DSCR_EMPTY_INT_ENA This is  the
CP_DMA_IN_DSCR_EMPTY_INT interrupt. (R/W)

CP_DMA_OUT TOTAL_EOF_INT_ENA This is the
CP_DMA_OUT_TOTAL_EOF_INT interrupt. (R/W)
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2. DMA Controller (DMA)

Register 2.4: CP_DMA_INT_CLR_REG (0x000C)

CP_DMA_IN_DONE_INT_CLR Set this bit to clear CP_DMA_IN_DONE_INT INTERRUPT. (WO)

CP_DMA_IN_SUC_EOF_INT_CLR Set this bit to clear CP_DMA_IN_SUC_EOF_INT interrupt. (WO)

CP_DMA_OUT_DONE_INT_CLR Set this bit to clear CP_DMA_OUT_DONE_INT interrupt. (WO)

CP_DMA_OUT_EOF_INT_CLR Set this bit to clear CP_DMA_OUT_EOF_INT interrupt. (WO)

CP_DMA_IN_DSCR_ERR_INT_CLR Set this bit to clear CP_DMA_IN_DSCR_ERR_INT interrupt.

(WO)

CP_DMA_OUT_DSCR_ERR_INT_CLR Set this bit to clear CP_DMA_OUT_DSCR_ERR_INT inter-

rupt. (WO)

CP_DMA_IN_DSCR_EMPTY_INT_CLR Set this bit to clear CP_DMA_IN_DSCR_EMPTY_INT inter-

rupt. (WO)

CP_DMA_OUT_TOTAL_EOF_INT_CLR Set this bit to clear CP_DMA_OUT_TOTAL_EOF_INT inter-

rupt. (WO)
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Register 2.5: CP_DMA_OUT_LINK_REG (0x0010)

‘31 30 | 29 | 28 |27 20 | 19 0‘

‘OOOOOOOOOOOO 0x000 ‘Reset

CP_DMA_OUTLINK_ADDR This register is used to specify the least significant 20 bits of the first
transmit descriptor’s address. (R/W)

CP_DMA_OUTLINK_STOP Set this bit to stop DMA from reading transmit descriptors after finishing
the current data transaction. (R/W)

CP_DMA_OUTLINK_START Set this bit to start a new transmit descriptor. (R/W)

CP_DMA_OUTLINK_RESTART Set this bit to restart the transmit descriptor from the last address.
(R/W)

CP_DMA_OUTLINK_PARK 1: the transmit descriptor’s FSM is in idle state. O: the transmit descrip-
tor's FSM is working. (RO)

Register 2.6: CP_DMA_IN_LINK_REG (0x0014)

‘31 30 | 29 | 28 |27 20 | 19 0‘

‘OOOOOOOOOOOO 0x000 ‘Reset

CP_DMA_INLINK_ADDR This register is used to specify the least significant 20 bits of the first receive
descriptor’s address. (R/W)

CP_DMA_INLINK_STOP Set this bit to stop DMA from reading receive descriptors after finishing the
current data transaction. (R/W)

CP_DMA_INLINK_START Set this bit to enable DMA to read receive descriptors. (R/W)
CP_DMA_INLINK_RESTART Set this bit to restart new receive descriptors. (R/W)

CP_DMA_INLINK_PARK 1: the receive descriptor’'s FSM is in idle state. O: the receive descriptor’s
FSM is working. (RO)
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Register 2.7: CP_DMA_CONF_REG (0x003C)

P RTINS
Qf_y QQ/QQ/QQ/QQ/OQ/QQ/QQ/O/

7

6

5

4

3

2

1

]

0

0

0

0

0

0

0

0 ‘Reset

CP_DMA_IN_RST Set this bit to reset in DMA FSM. (R/W)

CP_DMA_OUT_RST Set this bit to reset out DMA FSM. (R/W)
CP_DMA_CMDFIFO_RST Set this bit to reset in_cmd FIFO and out_cmd FIFO. (R/W)
CP_DMA_FIFO_RST Set this bit to reset data in RX FIFO. (R/W)

CP_DMA_OUT_OWNER This is used to configure the owner bit in transmit descriptor. This is effective
only when you set CP_DMA_OUT_AUTO_WRBACK. (R/W)

CP_DMA_IN_OWNER This is used to configure the owner bit in receive descriptor. (R/W)

CP_DMA_OUT_AUTO_WRBACK This bit is used to write back out descriptor when hardware has
already used this descriptor. (R/W)

CP_DMA_CHECK_OWNER Set this bit to enable owner bit check in descriptor. (R/W)

CP_DMA_CLK_EN 1’b1: Force clock on for register. 1’b0: Support clock only when application
writes registers. (R/W)

Register 2.8: CP_DMA_OUT_EOF_DES_ADDR_REG (0x0018)

E 3

‘ 0x000000 \ Reset

CP_DMA_OUT_EOF_DES_ADDR This register stores the address of the transmit descriptor when
the EOF bit in this descriptor is 1. (RO)
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Register 2.9: CP_DMA_IN_EOF_DES_ADDR_REG (0x001C)

E ]

’ 0x000000 \ Reset

CP_DMA_IN_SUC_EOF_DES_ADDR This register stores the address of the receive descriptor when
received successful EOF. (RO)

Register 2.10: CP_DMA_OUT_EOF_BFR_DES_ADDR_REG (0x0020)
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’ 31 0 ‘
’ 0x000000 \ Reset

CP_DMA_OUT_EOF_BFR_DES_ADDR This register stores the address of the transmit descriptor
before the last transmit descriptor. (RO)

Register 2.11: CP_DMA_INLINK_DSCR_REG (0x0024)

’ 0 ‘ Reset

CP_DMA_INLINK_DSCR The address of the current receive descriptor x. (RO)
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Register 2.12: CP_DMA_INLINK_DSCR_BFO0_REG (0x0028)

’ 0 ‘ Reset

CP_DMA_INLINK_DSCR_BFO0 The address of the last receive descriptor x-1. (RO)

Register 2.13: CP_DMA_OUTLINK_DSCR_REG (0x0030)

E ]

’ 0 ‘ Reset

CP_DMA_OUTLINK_DSCR The address of the current transmit descriptor y. (RO)

Register 2.14: CP_DMA_OUTLINK_DSCR_BFO0_REG (0x0034)

’ 0 ‘ Reset

CP_DMA_OUTLINK_DSCR_BF0 The address of the last transmit descriptor y-1. (RO)
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Register 2.15: CP_DMA_IN_ST_REG (0x0040)
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‘Reset

CP_DMA_INLINK_DSCR_ADDR This register stores the current receive descriptor’s address. (RO)

CP_DMA_IN_DSCR_STATE Reserved. (RO)
CP_DMA_IN_STATE Reserved. (RO)

CP_DMA_FIFO_EMPTY Copy DMA FIFO empty signal. (RO)

Register 2.16: CP_DMA_OUT_ST_REG (0x0044)
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\ooooooooo 0 0 0 \Reset

CP_DMA_OUTLINK_DSCR_ADDR This register stores the current transmit descriptor’s address.

(RO)
CP_DMA_OUT DSCR_STATE Reserved. (RO)
CP_DMA _OUT STATE Reserved. (RO)

CP_DMA_FIFO_FULL Copy DMA FIFO full signal. (RO)
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2. DMA Controller (DMA)

Register 2.17: CP_DMA_DATE_REG (0x00FC)

‘ 0x18082000 \ Reset

CP_DMA_DMA_DATE This is the version control register. (R/W)

Espressif Systems 94 ESP32-S2 TRM (v1.1)
Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=1.1

2. DMA Controller (DMA)

Register 2.18: CRYPTO_DMA_CONFO0_REG (0x0000)
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CRYPTO_DMA_IN_RST This bit is used to reset crypto DMA in FSM and RX FIFO pointer. (R/W)

CRYPTO_DMA_OUT_RST This bit is used to reset crypto DMA out FSM and TX FIFO pointer. (R/W)

CRYPTO_DMA_AHBM_FIFO_RST This bit is used to reset crypto DMA AHB master FIFO pointer.
(R/W)

CRYPTO_DMA_AHBM_RST Reset crypto DMA AHB master. (R/W)
CRYPTO_DMA_IN_LOOP_TEST Reserved (R/W)
CRYPTO_DMA_OUT_LOOP_TEST Reserved (R/W)

CRYPTO_DMA_OUT_AUTO_WRBACK Set this bit to enable automatic outlink-writeback when all
the data in TX Buffer has been transmitted. (R/W)

CRYPTO_DMA_OUT_NO_RESTART_CLR Reserved (R/W)

CRYPTO_DMA_OUT_EOF_MODE Out EOF flag generation mode of TX FIFO. 1: EOF flag of TX is
generated when the last data with EOF would be transmitted has been popped from FIFO of Crypto
DMA,; O: EOF flag is generated when the last data with EOF would be transmitted has been pushed
into FIFO of Crypto DMA. (R/W)

CRYPTO_DMA_OUTDSCR_BURST_EN Set this bit to enable INCR burst transfer when TX FIFO
reads descriptor from internal RAM. (R/W)

CRYPTO_DMA_INDSCR_BURST_EN Set this bit to enable INCR burst transfer when RX FIFO reads
descriptor from internal RAM. (R/W)

CRYPTO_DMA_OUT_DATA BURST _EN Set this bit to enable INCR burst transfer when TX FIFO
reads data from internal RAM. (R/W)

CRYPTO_DMA_MEM_TRANS_EN Set this bit to enable automatic transmitting data from memory
to memory via DMA. (R/W)
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2. DMA Controller (DMA)

Register 2.19: CRYPTO_DMA_OUT_LINK_REG (0x0024)

|

0x000

‘Reset

CRYPTO_DMA_OUTLINK_ADDR This register stores the 20 least significant bits of the first transmit

descriptor’s address. (R/W)

CRYPTO_DMA_OUTLINK_STOP Set this bit to stop DMA from reading transmit descriptors after
finishing the current data transaction. (R/W)

CRYPTO_DMA_OUTLINK_START Set this bit to enable DMA to read transmit descriptors. (R/W)

CRYPTO_DMA_OUTLINK_RESTART Set this bit to restart a new outlink from the last address. (R/W)

CRYPTO_DMA_OUTLINK_PARK 1: the transmit descriptor's FSM is in idle state. O: the transmit
descriptor’s FSM is working. (RO)
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2. DMA Controller (DMA)

Register 2.20: CRYPTO_DMA_IN_LINK_REG (0x0028)

‘31|30|29|28|27 21|20|19 0‘

\o|o|o|o|o 0 0 0 0 O o|1| 0x000 \Reset

CRYPTO_DMA_INLINK_ADDR This register stores the 20 least significant bits of the first receive
descriptor’s address. (R/W)

CRYPTO_DMA_INLINK_AUTO_RET Reserved (R/W)

CRYPTO_DMA_INLINK_STOP Set this bit to stop DMA from reading receive descriptors after finish-
ing the current data transaction. (R/W)

CRYPTO_DMA_INLINK_START Set this bit to enable DMA to read receive descriptors. (R/W)
CRYPTO_DMA_INLINK_RESTART Set this bit to mount a new receive descriptor. (R/W)

CRYPTO_DMA_INLINK_PARK 1: the receive descriptor’s FSM is in idle state. 0: the receive de-
scriptor's FSM is working. (RO)

Register 2.21: CRYPTO_DMA_CONF1_REG (0x002C)
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CRYPTO_DMA_INFIFO_FULL_THRS This register is used to generate the
CRYPTO_DMA_INFIFO_FULL_WM_INT interrupt when the byte number is up to the value
of the register. (R/W)

CRYPTO_DMA_CHECK_OWNER Set this bit to enable checking the owner attribute of the link de-
scriptor. (R/W)

CRYPTO_DMA_EXT_MEM_BK_SIZE DMA access external memory block size. 0: 16 bytes; 1: 32
bytes; 2:64 bytes; 3:Reserved. (R/W)
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2. DMA Controller (DMA)

Register 2.22: CRYPTO_DMA_AHB_TEST_REG (0x0048)
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CRYPTO_DMA_AHB_TESTMODE Reserved (R/W)
CRYPTO_DMA_AHB_TESTADDR Reserved (R/W)
Register 2.23: CRYPTO_DMA_AES_SHA_SELECT_REG (0x0064)
N
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Q)G AQ«
@’% QQ‘
\oooooooooooooooooooooooooooooooo\Reset
CRYPTO_DMA_AES_SHA_SELECT Select one between AES and SHA to use DMA. 0: AES. 1:SHA.
(R/W)
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2. DMA Controller (DMA)

Register 2.24: CRYPTO_DMA_PD_CONF_REG (0x0068)

CRYPTO_DMA_RAM_FORCE_PD Force power down signal to RAM. 0: force RAM power up; 1:
only when CRYPTO_DMA_RAM_FORCE_PU is 0, power down RAM. (R/W)

CRYPTO_DMA_RAM_FORCE_PU Force power up signal to RAM. O: only when
CRYPTO_DMA_RAM_FORCE_PD is 1, power down RAM; 1: force RAM power up. (R/W)

CRYPTO_DMA_RAM_CLK_FO 1: Force to open the clock and bypass the gate-clock when access-
ing the RAM in DMA. O: A gate-clock will be used when accessing the RAM in DMA. (R/W)

Register 2.25: CRYPTO_DMA_DATE_REG (0x00FC)

‘ 0x19050700 \ Reset

CRYPTO_DMA_DATE This is the version control register. (R/W)
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2. DMA Controller (DMA)

Register 2.26: CRYPTO_DMA_INT_RAW_REG (0x0004)

04O KO LD LD LD XD 4O 4O 4O
KOO LOLOLOLOLOLOLO K
& AL LL L LLLS
$ FFFFFTITTIES

B

wlo[s]7[s[s]e]s]2]1]0]

\o 0000 0OOOOGOTU OGO OTO OGO OTU OGO OGO OTU OGO OO0 0 o|o|o|o|o|o|o|o|0|o|o\Reset

CRYPTO_DMA_IN_DONE_INT_RAW The raw interrupt status. Set when the last data of one frame
is received or the receive buffer is full indicated by receive descriptor. (RO)

CRYPTO_DMA_IN_SUC_EOF_INT_RAW The raw interrupt status. Set when the last data of one
frame is received by Crypto DMA RX FIFO. (RO)

CRYPTO_DMA _IN_ERR_EOF_INT_RAW Reserved (RO)

CRYPTO_DMA_OUT_DONE_INT_RAW The raw interrupt status. Set when all data indicated by one
transmit descriptor has been pushed into TX FIFO. (RO)

CRYPTO_DMA_OUT_EOF_INT_RAW The raw interrupt status. Set when Out EOF flag is generated.
(RO)

CRYPTO_DMA_IN_DSCR_ERR_INT_RAW The raw interrupt status. Set when detecting receive
descriptor error, including owner error, the second and third word error of receive descriptor. (RO)

CRYPTO_DMA_OUT_DSCR_ERR_INT_RAW The raw interrupt status. Set when detecting transmit
descriptor error, including owner error, the second and third word error of transmit descriptor. (RO)

CRYPTO_DMA_IN_DSCR_EMPTY_INT_RAW The raw interrupt status. Set when receiving data is
completed and no more receive descriptor. (RO)

CRYPTO_DMA_OUT_TOTAL_EOF_INT_RAW The raw interrupt status. Set when data correspond-
ing to all transmit descriptor and the last descriptor with valid EOF is transmitted out. (RO)

CRYPTO_DMA_INFIFO_FULL_WM_INT_RAW The raw interrupt status. Set when received data
byte number is up to threshold configured by CRYPTO_DMA_INFIFO_FULL_THRS in RX FIFO.
(RO)
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2. DMA Controller (DMA)

Register 2.27: CRYPTO_DMA_INT_ST_REG (0x0008)

O/
v\é(goo\/; A\
& «Oﬁﬁﬁf@ﬁf@?\ <007

E o o[- =] ]|

\o 0000 0OOOGOTU O@O OO OGO U OTO OGO OTU OGO OO0 O o|o|o|o|o|o|o|o|o|o|o\Rese»c

CRYPTO_DMA_IN_DONE_INT_ST The masked interrupt status bit for the
CRYPTO_DMA_IN_DONE_INT interrupt. (RO)

CRYPTO_DMA_IN_SUC_EOF_INT_ST The masked interrupt status bit for the
CRYPTO_DMA_IN_SUC_EOF_INT interrupt. (RO)

CRYPTO_DMA_IN_ERR_EOF_INT_ST Reserved (RO)

CRYPTO_DMA_OUT_DONE_INT_ST The masked interrupt status bit for the
CRYPTO_DMA_OUT_DONE_INT interrupt. (RO)

CRYPTO_DMA_OUT_EOF_INT_ST The masked interrupt status bit for the
CRYPTO_DMA_OUT_EOF_INT interrupt. (RO)

CRYPTO_DMA_IN_DSCR_ERR_INT_ST The masked interrupt status bit for the
CRYPTO_DMA_IN_DSCR_ERR_INT interrupt. (RO)

CRYPTO_DMA_OUT_DSCR_ERR_INT_ST The masked interrupt status bit for the
CRYPTO_DMA_OUT_DSCR_ERR_INT interrupt. (RO)

CRYPTO_DMA_IN_DSCR_EMPTY_INT_ST The masked interrupt status bit for the
CRYPTO_DMA_IN_DSCR_EMPTY_INT interrupt. (RO)

CRYPTO_DMA_OUT_TOTAL_EOF_INT_ST The masked interrupt status bit for the
CRYPTO_DMA_OUT_TOTAL_EOF_INT interrupt. (RO)

CRYPTO_DMA_INFIFO_FULL_WM_INT_ST The masked interrupt status bit for the
CRYPTO_DMA_INFIFO_FULL_WM_INT interrupt. (RO)
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2. DMA Controller (DMA)

Register 2.28: CRYPTO_DMA_INT_ENA_REG (0x000C)

‘ 31 09 8 7 6 5 4 3 2 1 0

\oooooooooooooooooooooooooooooooo\Reset

CRYPTO_DMA_IN_DONE_INT_ENA The interrupt enable bit for the CRYPTO_DMA_IN_DONE_INT
interrupt. (R/W)

CRYPTO_DMA_IN_SUC_EOF_INT_ENA The interrupt enable bit for the
CRYPTO_DMA_IN_SUC_EOF_INT interrupt. (R/W)

CRYPTO_DMA_IN_ERR_EOF_INT_ENA Reserved (R/W)

CRYPTO_DMA_OUT_DONE_INT_ENA The interrupt enable bit for the
CRYPTO_DMA_OUT_DONE_INT interrupt. (R/W)

CRYPTO_DMA_OUT_EOF_INT_ENA The interrupt enable bit for the CRYPTO_DMA_OUT_EOF_INT
interrupt. (R/W)

CRYPTO_DMA_IN_DSCR_ERR_INT_ENA The interrupt enable bit for the
CRYPTO_DMA_IN_DSCR_ERR_INT interrupt. (R/W)

CRYPTO_DMA_OUT_DSCR_ERR_INT_ENA The interrupt enable bit for the
CRYPTO_DMA_OUT_DSCR_ERR_INT interrupt. (R/W)

CRYPTO_DMA_IN_DSCR_EMPTY_INT_ENA The interrupt enable bit for the
CRYPTO_DMA_IN_DSCR_EMPTY_INT interrupt. (R/W)

CRYPTO_DMA_OUT_TOTAL_EOF_INT_ENA The interrupt enable bit for the
CRYPTO_DMA_OUT_TOTAL_EOF_INT interrupt. (R/W)

CRYPTO_DMA_INFIFO_FULL_WM_INT_ENA The interrupt enable bit for the
CRYPTO_DMA_INFIFO_FULL_WM_INT interrupt. (R/W)
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2. DMA Controller (DMA)

Register 2.29: CRYPTO_DMA_INT_CLR_REG (0x0010)
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‘OOOOOOOOOOOOOOOOOOOOO

o[oJoJofoJoJo o o]o]o|Reset

CRYPTO_DMA_IN_DONE_INT_CLR Set this bit to clear the CRYPTO_DMA_IN_DONE_INT inter-

rupt. (WO)

CRYPTO_DMA_IN_SUC_EOF_INT_CLR Set this bit to clear the CRYPTO_DMA_IN_SUC_EOF_INT

interrupt. (WO)

CRYPTO_DMA_IN_ERR_EOF_INT_CLR Reserved (WO)

CRYPTO_DMA_OUT_DONE_INT_CLR Set this bit to clear the CRYPTO_DMA_OUT_DONE_INT in-

terrupt. (WO)

CRYPTO_DMA_OUT_EOF_INT_CLR Set this bit to clear the CRYPTO_DMA_OUT_EOF_INT inter-

rupt. (WO)

CRYPTO_DMA_IN_DSCR_ERR_INT_CLR Set this
CRYPTO_DMA_IN_DSCR_ERR_INT interrupt. (WO)

CRYPTO_DMA_OUT_DSCR_ERR_INT_CLR Set this
CRYPTO_DMA_OUT_DSCR_ERR_INT interrupt. (WO)

CRYPTO_DMA _IN_DSCR_EMPTY_INT_CLR Set this
CRYPTO_DMA_IN_DSCR_EMPTY_INT interrupt. (WO)

CRYPTO_DMA_OUT_TOTAL_EOF_INT_CLR Set this
CRYPTO_DMA_OUT_TOTAL_EOF_INT interrupt. (WO)

CRYPTO_DMA_INFIFO_FULL_WM_INT_CLR Set this
CRYPTO_DMA_INFIFO_FULL_WM_INT interrupt. (WO)
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2. DMA Controller (DMA)

Register 2.30: CRYPTO_DMA_OUT_STATUS_REG (0x0014)

S
o
KK/
Q®Q®
Q)& ,\O’« ;
& LR
§®% QQ\ QQ\
\oooooooooooooooooooooooooooooo|1|o\Rese»c
CRYPTO_DMA_OUT_FULL 1: DMA TX FIFO is full. (RO)
CRYPTO_DMA_OUT_EMPTY 1: DMA TX FIFO is empty. (RO)
Register 2.31: CRYPTO_DMA_IN_STATUS_REG (0x001C)
£
<& L
v>$/>$/
Q®Q®
Q)& Q%07
& LR
\J\Q)% OQ\ OQ\
\31 2| 1 | 0 \
\oooooooooooooooooooooooooooooo|1|o\Reset
CRYPTO_DMA_IN_FULL 1: DMA RX FIFO is full. (RO)
CRYPTO_DMA_IN_EMPTY 1: DMA RX FIFO is empty. (RO)
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2. DMA Controller (DMA)

Register 2.32: CRYPTO_DMA_STATEO_REG (0x0030)
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CRYPTO_DMA_INLINK_DSCR_ADDR This register stores the current receive descriptor’s address.
(RO)

CRYPTO_DMA _IN_DSCR_STATE Reserved (RO)
CRYPTO_DMA_IN_STATE Reserved (RO)

CRYPTO_DMA_INFIFO_CNT_DEBUG This register stores the byte number of the data in the receive
descriptor’s FIFO. (RO)

Register 2.33: CRYPTO_DMA_STATE1_REG (0x0034)
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CRYPTO_DMA_OUTLINK_DSCR_ADDR This register stores the current transmit descriptor’s ad-
dress. (RO)

CRYPTO_DMA_OUT_DSCR_STATE Reserved (RO)
CRYPTO_DMA_OUT_STATE Reserved (RO)

CRYPTO_DMA_OUTFIFO_CNT This register stores the byte number of the data in the transmit de-
scriptor’s FIFO. (RO)
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2. DMA Controller (DMA)

Register 2.34: CRYPTO_DMA_OUT_EOF_DES_ADDR_REG (0x0038)
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’ 0x000000 ‘ Reset

CRYPTO_DMA_OUT_EOF_DES_ADDR This register stores the address of the transmit descriptor
when the EOF bit in this descriptor is 1. (RO)

Register 2.35: CRYPTO_DMA_IN_SUC_EOF_DES_ADDR_REG (0x003C)
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’ 31 0 ‘
’ 0x000000 ‘ Reset

CRYPTO_DMA_IN_SUC_EOF_DES_ADDR This register stores the address of the receive descriptor
when received successful EOF. (RO)

Register 2.36: CRYPTO_DMA_IN_ERR_EOF_DES_ADDR_REG (0x0040)

E ]

’ 0x000000 \ Reset

CRYPTO_DMA_IN_ERR_EOF_DES_ADDR This register stores the address of the receive descriptor
when there are some errors in this descriptor. (RO)
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2. DMA Controller (DMA)

Register 2.37: CRYPTO_DMA_OUT_EOF_BFR_DES_ADDR_REG (0x0044)
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CRYPTO_DMA_OUT_EOF_BFR_DES_ADDR This register stores the address of the transmit de-
scriptor before the last transmit descriptor. (RO)

Register 2.38: CRYPTO_DMA_IN_DSCR_REG (0x004C)

’ 0 ‘ Reset

CRYPTO_DMA_INLINK_DSCR The address of the current receive descriptor x. (RO)

Register 2.39: CRYPTO_DMA_IN_DSCR_BF0_REG (0x0050)

E ]

’ 0 ‘ Reset

CRYPTO_DMA_INLINK_DSCR_BF0 The address of the last receive descriptor x-1. (RO)
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2. DMA Controller (DMA)

Register 2.40: CRYPTO_DMA_OUT_DSCR_REG (0x0058)

‘ Reset

CRYPTO_DMA_OUTLINK_DSCR The address of the current transmit descriptor y. (RO)

Register 2.41: CRYPTO_DMA_OUT_DSCR_BFO0_REG (0x005C)

‘Reset

CRYPTO_DMA_OUTLINK_DSCR_BFO0 The address of the last transmit descriptor y-1. (RO)
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3. System and Memory

3. System and Memory

3.1 Overview
The ESP32-S2 is a single-core system with one Harvard Architecture Xtensa® LX7 CPU. All internal memory,
external memory, and peripherals are located on the CPU buses.

3.2 Features
e Address Space

- 4 GB (32 bits wide) address space in total accessed from the data bus and instruction bus

- 464 KB internal memory address space accessed from the instruction bus

400 KB internal memory address space accessed from the data bus

1.77 MB peripheral address space

7.5 MB external memory virtual address space accessed from the instruction bus

14.5 MB external memory virtual address space accessed from the data bus

320 KB internal DMA address space

- 10.5 MB external DMA address space
¢ Internal Memory

- 128 KB Internal ROM

- 320 KB Internal SRAM

- 8 KB RTC FAST Memory

- 8 KB RTC SLOW Memory
e External Memory

— Supports up to 1 GB external SPI flash

— Supports up to 1 GB external SPI RAM
e DMA

- 9 DMA-supported modules / peripherals

Figure 3-1 illustrates the system structure and address mapping.
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3. System and Memory

0x0000_0000
OX3EFF_FFFF

0x3F00_0000
OX3F3F_FFFF

0x3F40_0000
OX3F4F_FFFF

0x3F50_0000
OX3FF7_FFFF

O0x3FF8_0000
Ox3FF9_DFFF

Ox3FF9_E000
Cache OX3FFF_FFFF

0x4000_0000

0x4007_1FFF

0x4007_2000
0x4007_FFFF
0x4008_0000
Ox407F_FFFF
0x4080_0000
Ox4FFF_FFFF
0x5000_0000
0x5000_1FFF
0x5000_2000
OX5FFF_FFFF
0x6000_0000
DMA 0x600B_FFFF
0x600C_0000
0x617F_FFFF
0x6180_0000
0x6180_3FFF

0x6180_4000
OXFFFF_FFFF

Internal memory DMA

External memory MMU

Peripheral

Figure 3-1. System Structure and Address Mapping

Note:

e The memory space with gray background is not available to users.

e The range of addresses available in the address space may be larger or smaller than the actual available memory
of a particular type.

3.3 Functional Description

3.3.1 Address Mapping
The Harvard Architecture Xtensa® LX7 CPU can address 4 GB (32 bits wide) memory space.

Addresses below 0x4000_0000 are serviced using the data bus. Addresses in the range 0x4000_0000 ~
Ox4FFF_FFFF are serviced using the instruction bus. Addresses over and including 0x5000_0000 are shared by
both data and instruction bus.

Both data bus and instruction bus are little-endian. The CPU can access data via the data bus in a byte-,
half-word-, or word-aligned manner. The CPU can also access data via the instruction bus, but only in a
word-aligned manner; non-word-aligned access will cause a CPU exception.

The CPU can:
e directly access the internal memory via both data bus and instruction bus;
e access the external memory which is mapped into the address space via cache;
e access modules / peripherals via data bus.
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3. System and Memory

Table 22 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

same memory is available to the CPU at two address ranges.

Table 22: Address Mapping

Boundary Address :
Bus Type . Size Target
Low Address | High Address
0x0000_0000 | Ox3EFF_FFFF Reserved
Ox3F00_0000 | Ox3F3F_FFFF 4 MB | External memory
Data bus Ox3F40_0000 | Ox3F4F_FFFF 1 MB Peripherals
Ox3F50_0000 | Ox3FF7_FFFF | 10.5 MB | External memory
Ox3FF8_0000 | Ox3FF9_DFFF Reserved
Data bus Ox3FF9_EOOO0 | Ox3FFF_FFFF 392 KB | Internal memory
Instruction bus 0x4000_0000 | Ox4007_1FFF | 456 KB | Internal memory
0x4007_2000 | Ox4007_FFFF Reserved
Instruction bus 0x4008_0000 | Ox407F_FFFF 7.5 MB | External memory
0x4080_0000 | Ox4FFF_FFFF Reserved
Data / Instruction bus 0x5000_0000 | 0x5000_1FFF 8 KB | Internal memory
0x5000_2000 | Ox5FFF_FFFF Reserved
Data / Instruction bus 0x6000_0000 | Ox600B_FFFF | 768 KB Peripherals
0x600C_0000 | Ox617F_FFFF Reserved
Data / Instruction bus 0x6180_0000 | Ox6180_3FFF 16 KB Peripherals
Ox6180_4000 | OxFFFF_FFFF Reserved

3.3.2

Internal Memory

The internal memory consists of four segments: Internal ROM (128 KB), Internal SRAM (320 KB), RTC FAST
Memory (8 KB), and RTC SLOW Memory (8 KB).

The Internal ROM is broken down into two parts: Internal ROM 0 (64 KB) and Internal ROM 1 (64 KB).

The Internal SRAM is broken down into two parts: Internal SRAM 0 (32 KB) and Internal SRAM 1 (288 KB).

RTC FAST Memory and RTC SLOW Memory are both implemented as SRAM.

Table 23 lists all types of internal memory and their address ranges on the data bus and instruction bus.

Table 23: Internal Memory Address Mapping

Boundary Address : .

Bus Type , Size Target Permission Control
Low Address | High Address
Ox3FF9_E000 | Ox3FF9_FFFF 8 KB | RTC FAST Memory YES

Data. b Ox3FFA_0000 | Ox3FFA_FFFF | 64 KB Internal ROM 1 NO

ata bus

Ox3FFB_0000 | Ox3FFB_7FFF | 32 KB Internal SRAM 0 YES
Ox3FFB_8000 | Ox3FFF_FFFF | 288 KB Internal SRAM 1 YES
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3. System and Memory

Boundary Address : .
Bus Type ; Size Target Permission Control
Low Address | High Address
0x4000_0000 | 0x4000_FFFF 64 KB Internal ROM O NO
0x4001_0000 | 0x4001_FFFF 64 KB Internal ROM 1 NO
Instruction bus 0x4002_0000 | 0x4002_7FFF 32 KB Internal SRAM O YES
0x4002_8000 | 0Ox4006_FFFF | 288 KB Internal SRAM 1 YES
0x4007_0000 | 0x4007_1FFF 8 KB | RTC FAST Memory YES
Boundary Address : .
Bus Type - Size Target Permission Control
Low Address | High Address
Data / Instruction bus 0x5000_0000 | Ox5000_1FFF 8 KB | RTC SLOW Memory YES

Note:

"YES” in the "Permission Control” column indicates that a permission is required for memory access. Permission
Control registers can be used to limit Instruction or Data bus access to individual regions of these memory types.

3.3.2.1

Internal ROM 0

Internal ROM 0 is a 64-KB, read-only memory space, addressed by the CPU on the instruction bus via range(s)

described in Table 23.

3.3.2.2

Internal ROM 1

Internal ROM 1 is a 64-KB, read-only memory space, addressed by the CPU on the data or instruction bus via
range(s) described in Table 23.

The two address ranges access Internal ROM 1 in the same order, so, for example, addresses Ox3FFA_0000 and
0x4001_0000 access the same word, Ox3FFA_0004 and 0x4001_0004 access the same word, Ox3FFA_0008
and 0x4001_0008 access the same word, etc.

3.3.2.3

Internal SRAM 0

Internal SRAM 0 is a 32-KB, read-and-write memory space, addressed by the CPU on the data or instruction
bus, in the same order, via range(s) described in Table 23.

Hardware can be configured to use 8 KB, 16 KB, 24 KB, or the entire 32 KB space in this memory to cache
external memory. The space used as cache cannot be accessed by the CPU, while the remaining space can still

be accessed by the CPU.

3.3.2.4

Internal SRAM 1

Internal SRAM 1 is a 288-KB, read-and-write memory space, addressed by the CPU on the data or instruction
bus, in the same order, via range(s) described in Table 23.

Internal SRAM 1 comprises eighteen 16-KB (sub)memory blocks. One block can be used as Trace Memory, in

which case this block’s address range cannot be accessed by the CPU.
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3. System and Memory

3.3.2.5 RTC FAST Memory

RTC FAST Memory is an 8-KB, read-and-write SRAM, addressed by the CPU on the data or instruction bus, in
the same order, via range(s) described in Table 23.

3.3.2.6 RTC SLOW Memory

RTC SLOW Memory is an 8-KB, read-and-write SRAM, addressed by the CPU via range(s) shared by the data
bus and the instruction bus, as described in Table 23.

RTC SLOW Memory can also be used as a peripheral addressable to the CPU via either 0x3F42_1000 ~
Ox3F42_2FFF or 0x6002_1000 ~ 0x6002_2FFF on the data bus.

3.3.3 External Memory
ESP32-S2 supports multiple QSPI/OSPI flash and RAM chips. It also supports hardware encryption/decryption
based on XTS-AES to protect user programs and data in the flash and external RAM.

3.3.3.1 External Memory Address Mapping

The CPU accesses the external flash and RAM via the cache. According to the MMU settings, the cache maps
the CPU’s address to the external physical memory address. Due to this address mapping, the ESP32-S2 can
address up to 1 GB external flash and 1 GB external RAM.

Using the cache, ESP32-S2 can support the following address space mappings at the same time.

e Up to 7.5 MB instruction bus address space can be mapped into the external flash or RAM as individual 64
KB blocks, via the instruction cache (ICache). Byte (8-bit), half-word (16-bit) and word (32-bit) reads are
supported.

¢ Up to 4 MB read-only data bus address space can be mapped into the external flash or RAM as individual
64 KB blocks, via ICache. Byte (8-bit), half-word (16-bit) and word (32-bit) reads are supported.

e Up to 10.5 MB data bus address space can be mapped into the external RAM as individual 64 KB blocks,
via DCache. Byte (8-bit), half-word (16-bit) or word (32-bit) reads and writes are supported. Blocks from
this 10.5 MB space can also be mapped into the external flash or RAM, for read operations only.

Table 24 lists the mapping between the cache and the corresponding address ranges on the data bus and
instruction bus.

Table 24: External Memory Address Mapping

Boundary Address : _
Bus Type , Size | Target | Permission Control
Low Address | High Address
Data bus Ox3F00_0000 | Ox3F3F_FFFF 4 MB | ICache YES
Data bus Ox3F50_0000 | Ox3FF7_FFFF | 10.5 MB | DCache YES
Instruction bus 0x4008_0000 | Ox407F_FFFF | 7.5MB | ICache YES

Note:
"YES” in the "Permission Control” column indicates that a permission is required for memory access. Permission

Control registers can be used to limit Instruction or Data bus access to individual regions of these memory types.
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3. System and Memory

3.3.3.2 Cache

As shown in Figure 3-2, the caches on ESP32-52 are separated and allow prompt response upon simultaneous
requests from the data bus and instruction bus. Some internal memory space can be used as cache (see
Section 3.3.2.3). When a cache miss occurs, the cache controller will initiate a request to the external memory.
When ICache and DCache simultaneously initiate a request, the arbiter determines which gets the access to the
external memory first. The cache size of ICache and DCache can be configured to 8 KB and 16 KB, respectively,
while their block size can be configured to 16 bytes and 32 bytes, respectively.

CPU
Instruction/Data bus | [ Data bus

|
ICache —> DCache

Nawter

Internal Internal
Memory Memory

External
Memory

Figure 3-2. Cache Structure

3.3.3.3 Cache Operations

ESP32-S2 caches support the following operations:

1. Invalidate: The cache clears the valid bit of a tag. The CPU needs to access the external memory in order
to read/write the data. There are two types of invalidation operations: manual invalidation and automatic
invalidation. Manual invalidation performs only on data in the specified area in the cache, while automatic
invalidation performs on all data in the cache. Both ICache and DCache have this function.

2. Clean: The cache clears the dirty bit of the tag and retains the valid bit. The CPU can then read/write the
data directly from the cache. Only DCache has this function.

3. Write-back: The cache clears the dirty block flag of the tag and retains the valid bit. It also forces the data
in the corresponding address to be written back to the external memory. The CPU can then read/write the
data directly from the cache. Only DCache has this function.

4. Preload: To preload a cache is to load instructions and data into the cache in advance. The minimum unit
of a preloading is one block. There are two types of preloading: manual preloading and automatic
preloading. Manual preloading means that the hardware prefetches a piece of continuous data according
to the virtual address specified by the software. Automatic preloading means the hardware prefetches a
piece of continuous data according to the current hit / miss address (depending on configuration).

5. Lock / Unlock: 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. When manual lock is
enabled, the cache checks the data that has been filled into the cache memory and locks the data that falls
in the specified area. The data in the locked area is always stored in the cache and will not be replaced.
But when all the ways within the cache are locked, the cache will replace data, as if the ways were not
locked. Unlocking is the reverse of locking. The manual invalidation, clean, and write-back operations are
only available after unlocking.
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3.3.4 DMA
With DMA, the ESP32-S2 can perform data transfers between:

e modules / peripherals and internal memory;
e different types of internal memory;

e modules / peripherals and external memory;
e internal and external memory.

DMA uses the same addressing as the data bus to read and write Internal SRAM 0 and Internal SRAM 1.
Specifically, DMA uses address range Ox3FFB_0000 ~ Ox3FFB_7FFF to access Internal SRAM O, and
Ox3FFB_8000 ~ Ox3FFF_FFFF to access Internal SRAM 1. Note that DMA cannot access the internal memory
occupied by the cache.

In addition, DMA addresses the external RAM from 0x3F50_0000 ~ Ox3FF7_FFFF, the same used by the CPU to
access DCache. When DCache and DMA access the external memory simultaneously, data consistency is
required.

Nine modules / peripherals on the ESP32-S2 support DMA, as shown in Table 25. With DMA, some of them can
only access internal memory, some can access both internal and external memory.

For more information on DMA, please refer to Chapter 2: DMA Controller.

Table 25: Peripherals with DMA Support

| UARTO |  UARTI |
| SPI2 | SPI3 |
| 12S0 |
’ ADC Controller ‘
| |
| |

Copy DMA
AES Accelerator | SHA Accelerator

3.3.5 Modules / Peripherals

The CPU can access modules / peripherals via address range 0x3F40_0000 ~ Ox3F4F_FFFF on the data bus, or
via 0x6000_0000 ~ Ox600B_FFFF and 0x6180_0000 ~ 0x6180_3FFF shared by the data bus and instruction
bus.

3.3.5.1 Naming Conventions for Peripheral Buses

There are two peripheral buses defined as follows:

e PeriBus1: Which refers to the address range 0x3F40_0000 ~ Ox3F4F_FFFF on the bus. 0x3F40_0000 is
the base address.

* PeriBus2: Which refers to the address ranges 0x6000_0000 ~ 0x600B_FFFF and 0x6180_0000 ~
0x6180_3FFF on the bus. 0x6000_0000 is the base address.

All references to “PeriBus1” and “PeriBus2” in this document indicate the corresponding address range(s).
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3.3.5.2 Differences Between PeriBus1 and PeriBus2

The CPU can access modules / peripherals more efficiently through PeriBus1 than through PeriBus2. However,
PeriBus1 features speculative reads, which means it cannot guarantee that each read is valid. Therefore, the
CPU has to use PeriBus?2 to access some special registers, for example, FIFO registers.

In addition, PeriBus1 will upset the order of r/w operations on the bus to improve performance, which may cause
programs that have strict requirements on the r/w order to crash. In such cases, please add volatile before the
program statement, or use PeriBus2 instead.

3.3.5.3 Module / Peripheral Address Mapping

Table 26 lists all the modules / peripherals and their respective address ranges. Note that addresses in column
“Boundary Address” are offsets relative to the base address, instead of absolute addresses. The absolute
addresses are the addition of bus base address and the corresponding offsets.

Table 26: Module / Peripheral Address Mapping

Boundary Address :

Target : Size | Notes

Low Address | High Address
UARTO 0x0000_0000 | OxO000_OFFF 4KB | 1,2,83
Reserved 0x0000_1000 | OxO0000_1FFF
SPI1 0x0000_2000 | Ox0000_2FFF 4 KB
SPIO 0x0000_3000 | OxO0000_3FFF 4 KB
GPIO 0x0000_4000 | 0x0000_4FFF 4 KB
Reserved 0x0000_5000 | Ox0000_6FFF
TIMER 0x0000_7000 | OxO000_7FFF 4 KB
RTC 0x0000_8000 | Ox0000_8FFF 4 KB
IO MUX 0x0000_9000 | OxO000_9FFF 4 KB
Reserved 0x0000_A000 | OxO000_EFFF
12S0 O0x0000_F0O00 | OxO000_FFFF 4KB | 1,2,83
UARTA 0x0001_0000 | 0Ox0001_OFFF 4KB | 1,2,83
Reserved 0x0001_1000 | Ox0001_2FFF
12C0 0x0001_3000 | Ox0001_3FFF 4KB | 1,2,3
UHCIO 0x0001_4000 | 0x0001_4FFF 4 KB
Reserved 0x0001_5000 | Ox0001_5FFF
RMT 0x0001_6000 | 0x0001_6FFF 4KB | 1,2,83
PCNT 0x0001_7000 | 0x0001_7FFF 4 KB
Reserved 0x0001_8000 | 0x0001_8FFF
LED PWM Controller 0x0001_9000 | OxO0001_9FFF 4 KB
eFuse Controller 0x0001_AO00O0 | OxO001_AFFF 4 KB
Reserved 0x0001_B0O00 | 0x0001_EFFF
Timer Group O 0x0001_FO00 | 0x0001_FFFF 4 KB
Timer Group 1 0x0002_0000 | OxO0002_OFFF 4 KB
RTC SLOW Memory 0x0002_1000 | 0x0002_2FFF 8KB | 1,2,3
System Timer 0x0002_3000 | 0x0002_3FFF 4 KB
SPI2 0x0002_4000 | 0x0002_4FFF 4 KB
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Boundary Address :

Target , Size | Notes

Low Address | High Address
SPI3 0x0002_5000 | 0Ox0002_5FFF 4KB | 1,2
APB Controller 0x0002_6000 | 0x0002_6FFF 4KB | 1,2
12C1 0x0002_7000 | 0x0002_7FFF 4KB | 1,2,83
Reserved 0x0002_8000 | Ox0002_AFFF
TWAI Controller 0x0002_B000 | 0x0002_BFFF 4KB | 1,2
Reserved 0x0002_C000 | 0x0003_8FFF
USB OTG 0x0003_9000 | OxO0003_9FFF 4KB | 1,2,8,4
AES Accelerator 0x0003_A000 | 0xO003_AFFF 4KB | 1,2
SHA Accelerator 0x0003_B000 | 0xO003_BFFF 4KB | 1,2
RSA Accelerator 0x0003_C000 | OxO003_CFFF 4KB | 1,2
Digital Signature 0x0003_D000 | 0x0003_DFFF 4KB | 1,2
HMAC Ox0003_EO000 | 0xO003_EFFF 4KB | 1,2
Crypto DMA 0x0003_F000 | 0xO003_FFFF 4KB | 1,2
Reserved 0x0004_4000 | Ox000C_DFFF
ADC Controller 0x0004_0000 | 0x0004_OFFF 4KB | 1,2
Reserved 0x0004_1000 | 0x0007_FFFF
USB OTG 0x0008_0000 | OxO00B_FFFF | 256 KB | 1,2, 3, 4
System Registers 0x000C_0000 | OxO00C_OFFF 4KB | 1
Sensitive Register 0x000C_1000 | OxOO00C_1FFF 4KB |1
Interrupt Matrix 0x000C_2000 | 0xO00C_2FFF 4KB | 1
Copy DMA 0x000C_3000 | OxO00C_3FFF 4KB | 1
Reserved 0x000C_4000 | OxO00C_EFFF
Dedicated GPIO Ox000C_FO00 | OxO00C_FFFF 4KB | 1
Reserved 0x000D_1000 | OxO00F_FFFF
Configure Cache 0x0180_0000 | 0x0180_3FFF 16 KB | 2

Note:

1. This module / peripheral can be accessed from PeriBus1.

2. This module / peripheral can be accessed from PeriBus?2.

3. Some special addresses in this module / peripheral are not accessible from PeriBus1 (see Section 3.3.5.4).

4. The address space in this module / peripheral is not continuous.

3.3.5.4 Addresses with Restricted Access from PeriBus1i

As mentioned in Section 3.3.5.2, PeriBus1 features speculative reads, which means it is forbidden to read FIFO
registers. Table 27 below lists the address (range) with restricted access from PeriBus1.

There are four reserved user-defined registers that can be configured as needed to add more addresses with
restricted access. For more information, please refer to Chapter 14: Permission Control.
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Table 27: Addresses with Restricted Access

Peripherals Addresses with Restricted Access
UARTO Ox3F40_0000

UART1 Ox3F41_0000

12S0 Ox3F40_F004

RMT Ox3F41_6000 ~ 0x3F41_600F

12CO Ox3F41_301C

12CA1 Ox3F42_701C

USB OTG Ox3F48_0020, 0x3F48_1000 ~ 0x3F49_OFFF
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4. eFuse Controller (eFuse)

41 Overview

ESP32-S2 has a 4096-bit eFuse that stores parameters in the SoC. Once an eFuse bit is programmed to 1, it
can never be reverted to 0. Users can instruct the eFuse Controller to program individual bits for individual
parameters as needed. From outside the chip, eFuse data can only be read via 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.

4.2 Features
One-time programmable storage

Configurable write protection

Configurable read protection

Parameters use different hardware encoding schemes to protect against corruption

4.3 Functional Description

4.3.1 Structure
There are 11 eFuse blocks (BLOCKO ~ BLOCK10).

BLOCKO holds most core system parameters. Among these parameters, 24 bits are readable but useless to
users, 38 bits are reserved for future use.

Table 28 lists all the parameters accessible (readable and usable) to users in BLOCKO and their offsets, bit
widths, functional description, as well as information about whether their configuration is directly accessible by
the hardware, and whether they are protected from programming.

The EFUSE_WR_DIS parameter is used to restrict the programming of other parameters, while EFUSE_RD_DIS
is used to restrict users from reading BLOCK4 ~ BLOCK10. More information on these two parameters can be
found in sections 4.3.1.1 and 4.3.1.2.

Table 28: Parameters in BLOCKO

Bit A il Programming-Protection
Parameters Offset ,' coessiuie by EFUSE_WR_DIS Description
Width | by Hardware )
Bit Number
Represents whether writing of in-
EFUSE_WR_DIS 0 32 Y N/A o .
dividual eFuses is disabled.
Represents whether users’ read-
EFUSE_RD_DIS 32 7 Y 0 ing from BLOCK4 ~ 10 is dis-
abled.
Represents whether [Cache is
EFUSE_DIS_ICACHE 40 1 Y 2 ,
disabled.
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Parameters

Offset

Bit

Accessible

Programming-Protection
by EFUSE_WR_DIS

Description

Submit Documentation Feedback

Width | by Hardware )
Bit Number

Represents whether DCache is
EFUSE_DIS_DCACHE 41 1 Y 2 ,

disabled.
EFUSE_DIS_DOWNLOAD_ 49 ’ v 5 Represents whether iCache is
ICACHE disabled in Download mode.
EFUSE_DIS_DOWNLOAD_ 43 ’ v 5 Represents whether DCache is
DCACHE disabled in Download mode.

Represents whether the function
EFUSE_DIS_FORCE_DOWNLOAD 44 1 Y 2 to force the chip into Download

mode is disabled.

Represents whether the USB
EFUSE_DIS_USB 45 1 Y 2 o

OTG is disabled.

Represents whether the TWAI
EFUSE_DIS_CAN 46 1 Y 2 o

Controller is disabled.

Represents whether to disable
EFUSE_DIS_BOOT_REMAP 47 1 Y 2 the capability to remap RAM to

ROM address space.

Represents whether JTAG is dis-
EFUSE_SOFT_DIS_JTAG 49 1 Y 2 ,

abled in the soft way.

Represents whether JTAG is dis-
EFUSE_HARD_DIS_JTAG 50 1 Y 2 abled in the hard way (perma-

nently).

Represents whether flash encryp-
EFUSE_DIS_DOWNLOAD_ C .

51 1 Y 2 tion is disabled in Download boot

MANUAL_ENCRYPT

mode.

Represents whether or not USB
EFUSE_USB_EXCHG_PINS 56 1 Y 30 ,

D+ and D- pins are swapped.

Represents whether to enable ex-
EFUSE_EXT_PHY_ENABLE 57 1 N 30

ternal USB PHY.

Represents whether to force set
EFUSE_USB_FORCE_NOPERSIST 58 1 N 30

USB BVALID to 1.

Represents whether the VDD_SPI
EFUSE_VDD_SPI_XPD 68 1 Y 3 regulator is powered on when

VDD_SPI_FORCE is 1.

Represents the VDD_SPI voltage
EFUSE_VDD_SPI_TIEH 69 1 Y 3

when VDD_SPI_FORCE is 1.

Represents whether to use

XPD_VDD_PSI_REG and
EFUSE_VDD_SPI_FORCE 70 1 Y 3 ,

VDD_SPI_TIEH to configure

VDD_SPI LDO.

Represents RTC watchdog time-
EFUSE_WDT_DELAY_SEL 80 2 Y 3

out threshold.
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Parameters

Offset

Bit

Accessible

Programming-Protection
by EFUSE_WR_DIS

Description

Width | by Hardware )
Bit Number
Represents whether SPI boot en-
EFUSE_SPI_BOOT_CRYPT_CNT | 82 3 Y 4 crypt/decrypt is disabled or en-
abled.
EFUSE_SECURE_BOOT_KEY_ 85 ’ N 5 Represents whether or not the
REVOKEO first secure boot key is revoked.
Represents whether or not the
EFUSE_SECURE_BOOT_KEY_ ,
86 1 N 6 second secure boot key is re-
REVOKET
voked.
EFUSE_SECURE_BOOT_KEY_ g7 ’ N 5 Represents whether or not the
REVOKE2 third secure boot key is revoked.
Represents purpose of Key0, see
EFUSE_KEY_PURPOSE_O 88 4 Y 8
Table 29.
Represents purpose of Key1, see
EFUSE_KEY_PURPOSE_1 92 4 Y 9
Table 29.
Represents purpose of Key2, see
EFUSE_KEY_PURPOSE_2 96 4 Y 10
Table 29.
Represents purpose of Key3, see
EFUSE_KEY_PURPOSE_3 100 4 Y 11
Table 29.
Represents purpose of Key4, see
EFUSE_KEY_PURPOSE_4 104 4 Y 12
Table 29.
Represents purpose of Key5, see
EFUSE_KEY_PURPOSE_5 108 4 Y 13
Table 29.
Represents whether secure boot
EFUSE_SECURE_BOOT_EN 116 1 N 15 , ,
is enabled or disabled.
Represents whether aggressive
EFUSE_SECURE_BOOT_  AG- -
117 1 N 16 revoke of secure boot keys is dis-
GRESSIVE_REVOKE
abled.
Represents flash waiting time af-
EFUSE_FLASH_TPUW 124 4 N 18
ter power-up.
Represents whether download
EFUSE_DIS_DOWNLOAD_MODE | 128 1 N 18 o
mode is disabled or enabled.
Represents whether Legacy SPI
EFUSE_DIS_LEGACY_SPI_BOOT| 129 1 N 18 o
boot mode is disabled.
Represents the default UART for
EFUSE_UART_PRINT_CHANNEL | 130 1 N 18 o
printing boot messages.
Represents whether USB OTG is
EFUSE_DIS_USB_DOWNLOAD_ . .
132 1 N 18 disabled in UART download boot
MODE
mode.
Represents  whether  secure
EFUSE_ENABLE_SECURITY_ ,
133 1 N 18 UART download mode is en-

DOWNLOAD

abled (read/write flash only).
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Bit A il Programming-Protection
Parameters Offset ,' coessibe by EFUSE_WR_DIS Description
Width | by Hardware )
Bit Number
Represents the default UART
EFUSE_UART_PRINT_CONTROL | 134 2 N 18
boot message output mode.
Represents the default power
EFUSE_PIN_POWER_SELECTION 136 1 N 18 supply for GPIO33 ~ GPIO37 is
set when SPI flash is initialized.
EFUSE_FLASH_TYPE 137 1 N 18 Represents the SPI flash type.
Represents whether or not to
EFUSE_FORCE_SEND_RESUME | 138 1 N 18 force ROM code to send a re-
sume command during SPI boot.
Represents the version used by
EFUSE_SECURE_VERSION 139 16 N 18 ,
ESP-IDF anti-rollback feature.

Table 29 lists all key purpose and their values. Setting the eFuse parameter EFUSE_KEY_PURPOSE_n programs

the purpose for eFuse block KEYn (n: 0 ~ 5).

Table 29: Key Purpose Values

Key Purpose Values

Purposes

User purposes

Reserved

XTS_AES_256_KEY_1 (flash/PSRAM encryption)

XTS_AES_256_KEY_2 (flash/PSRAM encryption)

XTS_AES_128_KEY (flash/PSRAM encryption)

HMAC Downstream mode

JTAG soft enable key (uses HMAC Downstream mode)

Digital Signature peripheral key (uses HMAC Downstream mode)

HMAC Upstream mode

SECURE_BOQOT_DIGESTO (Secure Boot key digest)

SECURE_BOOT_DIGEST1 (Secure Boot key digest)

Z|3|o|w|N|o|o|sw|v =]

SECURE_BOQOT_DIGEST2 (Secure Boot key digest)

Table 30 provides the details on the parameters in BLOCK1 ~ BLOCK10.

Table 30: Parameters in BLOCK1-10

A ol Write Protection by Read Protection
BLOCK Parameters Bit Width CoesSbie EFUSE_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)
Espressif Systems 122 ESP32-S2 TRM (v1.1)

Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=1.1

4. eFuse Controller (eFuse)

A ol Write Protection by Read Protection
BLOCK Parameters Bit Width coessiuie EFUSE_WR_DIS | by EFUSE_RD_DIS | Description
by Hardware . .
Bit Number Bit Number
[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
[64:59] N 20 N/A D6
[60:65] N 20 N/A D7
EFUSE_SYS_DATA_PARTO 78 N 20 N/A System data
BLOCK2 | EFUSE_SYS_DATA_PART1 256 N 21 N/A System data
BLOCKS EFUSE_USR_DATA 256 N 22 N/A User data
KeyO or user
BLOCK4 EFUSE_KEYO_DATA 256 Y 23 0
data
Key1 or user
BLOCKS5 EFUSE_KEY1_DATA 256 Y 24 1
data
Key2 or user
BLOCK®6 EFUSE_KEY2_DATA 256 Y 25 2 dat
ata
Key3 or user
BLOCK7 EFUSE_KEY3_DATA 256 Y 26 3
data
Key4 or user
BLOCKS EFUSE_KEY4_DATA 256 Y 27 4
data
Keyb or user
BLOCK9 EFUSE_KEY5_DATA 256 Y 28 5 dat
ata
BLOCK10 | EFUSE_SYS_DATA_PART2 256 N 29 6 System data

Among these blocks, BLOCK4 ~ 9 stores KEYO ~ 5, respectively. Up to six 256-bit keys can be programmed
into eFuse. Whenever a key is programmed, its purpose value should also be programmed (see table 29). For
example, a key for the JTAG function in HMAC Downstream mode is programmed to KEY3 (i.e., BLOCK?7), then,
the key purpose value 6 should be programmed to EFUSE_KEY_PURPOSE_S.

BLOCK1 ~ BLOCK10 use the RS coding scheme, so there are some restrictions on writing to these parameters
(refer to Section 4.3.1.3: Data Storage and Section 4.3.2: User Programming of Parameters).

4.3.1.1 EFUSE_WR_DIS

Parameter EFUSE_WR_DIS determines whether individual eFuse parameters are write-protected. After burning
EFUSE_WR_DIS, execute an eFuse read operation so the new values will take effect (refer to Updating eFuse
read registers in Section 4.3.3).

The columns “Programming-Protected by EFUSE_WR_DIS” in Table 28 and Table 30 list the specific bits of
EFUSE_WR_DIS that determine the write protected status of each parameter.

When the corresponding bit is O, the parameter is not write protected and can be programmed if the parameter
has not been programmed.

When the corresponding bit is 1, the parameter is write protected and none of its bits can be modified. The
non-programmed bits always remain 0, while programmed bits always remain 1.
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4.3.1.2 EFUSE_RD_DIS

Only the eFuse blocks BLOCK4 ~ BLOCK10 can be individually read protected to prevent any access from
outside the chip. The corresponding bit in EFUSE_RD_DIS is shown in Table 30. After burning EFUSE_RD_DIS,
execute an eFuse read operation so the new values take effect (refer to Updating efuse read registers in Section
4.3.3).

If the corresponding EFUSE_RD_DIS bit is O, then the eFuse block can be read by users. If the corresponding
EFUSE_RD_DIS bit 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 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.

4.3.1.3 Data Storage

Internal to the SoC, eFuses use hardware encoding schemes to protect against data corruption.

All BLOCKO parameters except for EFUSE_WR_DIS are stored with four backups, meaning each bit is stored
four times. This backup scheme is hardwired to the chip.

BLOCK1 ~ BLOCK10 use RS (44, 32) coding scheme that supports up to 5 bytes of automatic error correction.
The primitive polynomial of RS (44, 32) is p(x) = 28 + 2* + 23 + 22 + 1.

/ y A A /
of_mul_66 | | gf_mul_157 gf_mul_87 583805 N ) gf_mul_102
‘_l 1—| 1—| 1—| ‘_| 1—| _| _|
______ = s
§| E| g| é)| §| g| E' E'
500 mHOO
m .
- ' g DFF1
DFF2
DEF12 DFF11
Input m1, m2,...,m32 Output1 ~ 32
Figure 4-1. Shift Register Circuit (first 32 output)
The shift register circuit shown in Figure 4-1 and 4-2 processes 32 data bytes using RS (44, 32). This coding
scheme encodes 32 bytes of data into 44 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 ...)
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Output 33 ~ 44

-

DFF12 DFF11 DFF10 DFF9 DFF3 DFF2  DFF1

Figure 4-2. Shift Register Circuit (last 12 output)

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 across the entire 256-bit eFuse block, each block can only be
written to one time.

4.3.2 Programming of Parameters

The eFuse controller can only write to eFuse parameters in one block at a time. BLOCKO ~ BLOCK10 share the
same registers to store the parameters to be programmed. Configure parameter EFUSE_BLK_NUM to indicate
which block is to be programmed.

Programming BLOCKO

When EFUSE_BLK_NUM = 0, BLOCKO is programmed. The EFUSE_PGM_DATAO_REG register stores
EFUSE_WR_DIS. EFUSE_PGM_DATA1_REG ~ EFUSE_PGM_DATA5_REG store the information of new
BLOCKO parameters to be programmed. Note that 24 BLOCKO bits are readable but useless to users and must
always be set to 0 in the programming registers. The specific bits are:

o EFUSE_PGM_DATA1_REG[29:31]
e EFUSE_PGM_DATA1_REG[20:23]
e EFUSE_PGM_DATA2_REG[7:15]
o EFUSE_PGM_DATA2_REG[0:3]

e EFUSE_PGM_DATA3_REG[16:19]

Values written to EFUSE_PGM_DATAG_REG ~ EFUSE_PGM_DATA7_REG and
EFUSE_PGM_CHECK_VALUEO_REG ~ EFUSE_PGM_CHECK_VALUE2_REG are ignored when programming
BLOCKO.

Programming BLOCK1

When EFUSE_BLK_NUM = 1, EFUSE_PGM_DATAO_REG ~ EFUSE_PGM_DATA5_REG store the parameters to
be programmed. EFUSE_PGM_CHECK_VALUEO_REG ~ EFUSE_PGM_DATA2_REG store the corresponding
RS check codes. Values written to EFUSE_PGM_DATA6_REG ~ EFUSE_PGM_DATA7_REG are ignored when
programming BLOCK1, the RS check codes should be calculated as if these bits were all O.

Programming BLOCK2 ~ 10

When EFUSE_BLK_NUM = 2 ~ 10, EFUSE_PGM_DATAO_REG ~ EFUSE_PGM_DATA7_REG store the
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parameters to be programmed to this block. EFUSE_PGM_CHECK_VALUEO_REG ~
EFUSE_PGM_CHECK_VALUE2_REG store the corresponding RS check codes.

Programming process
The process of programming parameters is as follows:
1. Set EFUSE_BLK_NUM parameter as described above.

2. Write the parameters to be programmed into registers EFUSE_PGM_DATAO_REG ~
EFUSE_PGM_DATA7_REG and EFUSE_PGM_CHECK_VALUEO_REG ~
EFUSE_PGM_CHECK_VALUE2_REG.

3. Ensure the eFuse clock registers are set correctly as described in Section 4.3.4.1: efuse-Programming
Timing.

4. Ensure the eFuse programming voltage VDDQ is set correctly as described in Section 4.3.4.2: eFuse
VDDQ Setting.

5. Set EFUSE_OP_CODE field in register EFUSE_CONF_REG to Ox5A5A.

6. Set EFUSE_PGM_CMD field in register EFUSE_CMD_REG to 1.

7. Poll register EFUSE_CMD_REG until it is Ox0, or wait for a pgm_done interrupt. Information on how to
identify a pgm/read_done interrupt is provided at the end of Section 4.3.3.

8. Clear the parameters written into the register.

9. Trigger an eFuse read operation (see Section 4.3.3: User Read of Parameters) to update eFuse registers
with the new values.

Limitations

For BLOCKO, the programming of different parameters and even the programming of different bits of the same
parameter does not need to be done at once. It is, however, recommended that users 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.

BLOCK1 cannot be programmed by users as it has been programmed at manufacturing.

BLOCK2 ~ 10 can only be programmed once. Repeated programming is not allowed.

4.3.3 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 the memory space. Then, users can read eFuse bits by reading the registers
that start with EFUSE_RD_. Details are provided in Table 31.

Table 31: Registers for User Read Parameters

BLOCK | Read 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_MAGC_SPI_SYS_0~ 5_REG EFUSE_PGM_DATAO ~ 5_REG
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BLOCK | Read Registers When Programming This Block
2 EFUSE_RD_SYS_DATA_PART1_0~7_REG EFUSE_PGM_DATAO ~ 7_REG
3 EFUSE_RD_USR_DATAO ~ 7_REG EFUSE_PGM_DATAO ~ 7_REG

4-9 EFUSE_RD_KEYn_DATAO ~ 7_REG (n: 0~ 5) | EFUSE_PGM_DATAQ ~ 7_REG
10 EFUSE_RD_SYS_DATA_PART2_0 ~ 7_REG EFUSE_PGM_DATAO ~ 7_REG

Updating eFuse read registers

The eFuse Controller hardware populates the read registers from the internal eFuse storage. This read operation
takes place on system reset and can also be triggered manually by users as needed, for example if new eFuse
values have been programmed.

The process of triggering an eFuse controller read by users is as follows:
1. Configure the eFuse read timing registers as described in Section 4.3.4.3: eFuse-Read Timing.
2. Set the EFUSE_OP_CODE field in register EFUSE_CONF_REG to Ox5AA5.
3. Set the EFUSE_READ_CMD field in register EFUSE_CMD_REG to 1.

4. Poll the EFUSE_CMD_REG register until it is Ox0, or wait for a read_done interrupt. Information on how to
identify a pgm/read_done interrupt is provided below.

5. Read the values of each parameter from memory.
The eFuse read registers will now hold updated values for all eFuse parameters.
Error detection
Error registers allow users to detect an inconsistency in the stored eFuses.

EFUSE_RD_REPEAT_ERRO ~ 3_REG indicate inconsistencies in the stored backup copies of the parameters in
BLOCKO (except for EFUSE_WR_DIS) . Value 1 indicates an error was detected, and the bit became 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.

Users can read the values of above registers only after the eFuse read registers have been updated.
Identifying program/read operation completion

The two methods to identify the completion of program/read operation are described below. Please note that bit
1 corresponds to program operation, and bit O corresponds to read operation.

¢ Method one:

1. Poll bit 1/0 in register EFUSE_INT_RAW_REG until it is 1, which represents the completion of a
program/read operation.

¢ Method two:

1. Set bit 1/0 in register EFUSE_INT_ENA_REG to 1 to enable eFuse Controller to post a
pgm/read_done interrupt.

2. Configure Interrupt Matrix to enable the CPU to respond to eFuse interrupt signal.

3. Wait for the pgm/read_done interrupt.
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4. Set the bit 1/0 in register EFUSE_INT_CLR_REG to 1 to clear the pgm/read_done interrupt.

4.3.4 Timing

4.3.4.1 eFuse-Programming Timing

Figure 4-3 shows the timing for programming eFuse. Four registers EFUSE_TSUP_A, EFUSE_TPGM,
EFUSE_THP_A, and EFUSE_TPGM_INACTIVE are used to configure the timing. Terms used in the timing
diagrams in this section are described as follows:

e CSB: Chip select, active low
¢ VDDQ: eFuse programming voltage

¢ PGENB: eFuse programming enable signal, active low

CSB ‘

]

VDDQ

PGENB —‘

ADDR

AO

EFUSE_TPGM

EFUSE_TPGM_INACTIVE

EFUSE_TSUP_A

STROBE

LOAD L
EFUSE_THP_A

—

Figure 4-3. eFuse-Programming Timing Diagram

The eFuse block uses the CLK_APB clock, which is configurable. Therefore, the timing parameters should be
configured according to the specific clock frequency. After reset, the initial parameters are based on 20 MHz
clock frequency.

Table 32: Configuration of eFuse-Programming Timing Parameters

EFUSE_TSUP_A EFUSE_TPGM EFUSE_THP_A | EFUSE_TPGM_INACTIVE
APB Frequency
(> 6.669 ns) (9-11 ws, usually 10 us) (> 6.166 ns) (> 35.96 ns)
80 MHz Ox2 0x320 0x2 Ox4
40 MHz Ox1 0x190 Ox1 0x2
20 MHz Ox1 0xC8 Ox1 Ox1

In Figure 4-3, Address AQ is programmed, then the corresponding eFuse bit is 1; Address A1 is not
programmed, then the corresponding eFuse bit is 0.

4.3.4.2 eFuse VDDQ Timing Setting

VDDQ is the eFuse programming voltage, and its timing parameters should be configured according to the APB
clock frequency:
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Table 33: Configuration of VDDQ Timing Parameters

EFUSE_DAC_CLK DIV EFUSE_PWR_ON_NUM EFUSE_PWR_OFF_NUM
APB Frequency
(>1 pus) (> EFUSE_DAC_CLK_DIV*255) (>3 ps)
80 MHz OxAO0 0xA200 0x100
40 MHz 0x50 0x5100 0x80
20 MHz 0x28 0x2880 0x40

4.3.4.3 eFuse-Read Timing

Figure 4-4 shows the timing for reading eFuse. Three registers EFUSE_TSUR_A, EFUSE_TRD, and
EFUSE_THR_A are used to configure the timing.

The parameters should be configured according to the specific APB clock frequency. Details can be found in the
table below.

Table 34: Configuration of eFuse-Reading Parameters

EFUSE_TSUR_A | EFUSE_TRD | EFUSE_THR_A

APB Frequency
(> 6.669 ns) (> 35.96 ns) (> 6.166 ns)

80 MHz 0ox2 Ox4 0ox2
40 MHz Ox1 0x2 0x1
20 MHz 0x1 0x1 0x1

CsB —‘ ’—
VDDQ —‘ ’7
PGENB g \—

e o oM =

EFUSE_TRD

eruse TSUR A
STROBE

EFUSE_THR_A ‘

LOAD ‘

Q9-Q0

Figure 4-4. Timing Diagram for Reading eFuse

4.3.5 The Use of Parameters by Hardware Modules

Hardware modules are directly hardwired to the ESP32-S2 in order to use the parameters listed in Table 28 and
30, specifically those marked with “Y” in columns “Accessible by Hardware”. Users cannot change this
behavior.
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4.3.6 Interrupts

e pgm_done interrupt: Triggered when eFuse programming has finished. To enable this interrupt, set
EFUSE_PGM_DONE_INT_ENA to 1.

® read_done interrupt: Triggered when eFuse reading has finished. To enable this interrupt, set
EFUSE_READ_DONE_INT_ENA to 1.

4.4 Base Address

Users can access the eFuse Controller with two base addresses, which can be seen in the following table. For
more information about accessing peripherals from different buses please see Chapter 3: System and

Memory.

Table 35: eFuse Controller Base Address

Bus to Access Peripheral Base Address

PeriBUST 0x6001A000

PeriBUS2 Ox3FC1A000

4.5 Register Summary

The addresses in the following table are relative to the eFuse base addresses provided in Section 4.4.

Name ‘ Description Address | Access
PGM Data Registers
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

Register 0 that stores the RS code to be pro-
EFUSE_PGM_CHECK_VALUEO_REG 0x0020 R/W

grammed.

Register 1 that stores the RS code to be pro-
EFUSE_PGM_CHECK_VALUE1_REG 0x0024 R/W

grammed.

Register 2 that stores the RS code to be pro-
EFUSE_PGM_CHECK_VALUE2_REG 0x0028 R/W

grammed.
Read Data Registers
EFUSE_RD_WR_DIS_REG Register 0 of BLOCKO. 0x002C RO
EFUSE_RD_REPEAT_DATAO_REG Register 1 of BLOCKO. 0x0030 RO
EFUSE_RD_REPEAT_DATA1_REG Register 2 of BLOCKO. 0x0034 RO
EFUSE_RD_REPEAT_DATA2_REG Register 3 of BLOCKO. 0x0038 RO
EFUSE_RD_REPEAT_DATA3_REG Register 4 of BLOCKO. 0x003C RO
EFUSE_RD_REPEAT_DATA4_REG Register 5 of BLOCKO. 0x0040 RO
EFUSE_RD_MAC_SPI_SYS_0_REG Register 0 of BLOCK1. 0x0044 RO
EFUSE_RD_MAC_SPI_SYS_1_REG Register 1 of BLOCK1. 0x0048 RO
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Name Description Address | Access
EFUSE_RD_MAC_SPI_SYS_2_REG Register 2 of BLOCKI. 0x004C RO
EFUSE_RD_MAC_SPI_SYS_3_REG Register 3 of BLOCK1. 0x0050 RO
EFUSE_RD_MAC_SPI_SYS_4_REG Register 4 of BLOCKI. 0x0054 RO
EFUSE_RD_MAC_SPI_SYS_5_REG Register 5 of BLOCK1. 0x0058 RO
EFUSE_RD_SYS_DATA_PART1_0_REG | Register 0 of BLOCK2 (system). 0x005C RO
EFUSE_RD_SYS_DATA_PART1_1_REG | Register 1 of BLOCK2 (system). 0x0060 RO
EFUSE_RD_SYS_DATA_PART1_2_REG | Register 2 of BLOCK2 (system). 0x0064 RO
EFUSE_RD_SYS_DATA_PART1_3_REG | Register 3 of BLOCK2 (system). 0x0068 RO
EFUSE_RD_SYS_DATA_PART1_4_REG | Register 4 of BLOCK2 (system). 0x006C RO
EFUSE_RD_SYS_DATA_PART1_5_REG | Register 5 of BLOCK2 (system). 0x0070 RO
EFUSE_RD_SYS_DATA_PART1_6_REG | Register 6 of BLOCK2 (system). 0x0074 RO
EFUSE_RD_SYS_DATA_PART1_7_REG | Register 7 of BLOCK2 (system). 0x0078 RO
EFUSE_RD_USR_DATAO_REG Register 0 of BLOCKS (user). 0x007C RO
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_DATA3_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). 0x0090 RO
EFUSE_RD_USR_DATAB_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 (KEYO). 0x009C RO
EFUSE_RD_KEYO_DATA1_REG Register 1 of BLOCK4 (KEYO). O0x00A0 RO
EFUSE_RD_KEYO_DATA2_REG Register 2 of BLOCK4 (KEYO). 0x00A4 RO
EFUSE_RD_KEYO_DATA3_REG Register 3 of BLOCK4 (KEYO). Ox00A8 RO
EFUSE_RD_KEYO_DATA4_REG Register 4 of BLOCK4 (KEYO). Ox00AC RO
EFUSE_RD_KEYO_DATA5_REG Register 5 of BLOCK4 (KEYO). 0x00BO RO
EFUSE_RD_KEYO_DATA6_REG Register 6 of BLOCK4 (KEYO). 0x00B4 RO
EFUSE_RD_KEYO_DATA7_REG Register 7 of BLOCK4 (KEYO). 0x00B8 RO
EFUSE_RD_KEY1_DATAO_REG Register 0 of BLOCKS5 (KEY1). 0x00BC RO
EFUSE_RD_KEY1_DATA1_REG Register 1 of BLOCKS5 (KEY1). 0x00C0 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 BLOCK®6 (KEY?2). Ox00EO RO
EFUSE_RD_KEY2_DATA2_REG Register 2 of BLOCK®6 (KEY2). Ox00E4 RO
EFUSE_RD_KEY2_DATA3_REG Register 3 of BLOCK®6 (KEY?2). OxO0ES8 RO
EFUSE_RD_KEY2_DATA4_REG Register 4 of BLOCK®6 (KEY?2). OX00EC RO
EFUSE_RD_KEY2_DATA5_REG Register 5 of BLOCK®6 (KEY2). O0x00FO0 RO
EFUSE_RD_KEY2_DATA6_REG Register 6 of BLOCK6 (KEY?2). OxO0F4 RO
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Name Description Address | Access
EFUSE_RD_KEY2_DATA7_REG Register 7 of BLOCK®6 (KEY2). OxO0F8 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 BLOCKS (KEY4). 0x011C RO
EFUSE_RD_KEY4_DATA1_REG Register 1 of BLOCKS (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
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 BLOCKS (KEY4). 0x0134 RO
EFUSE_RD_KEY4_DATA7_REG Register 7 of BLOCKS (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_DATA_PART2_0_REG | Register 0 of BLOCK10 (system). 0x015C RO
EFUSE_RD_SYS_DATA_PART2_1_REG | Register 1 of BLOCK10 (system). 0x0160 RO
EFUSE_RD_SYS_DATA_PART2_2_REG | Register 2 of BLOCK10 (system). 0x0164 RO
EFUSE_RD_SYS_DATA_PART2_3_REG | Register 3 of BLOCK10 (system). 0x0168 RO
EFUSE_RD_SYS_DATA_PART2_4_REG | Register 4 of BLOCK10 (system). 0x016C RO
EFUSE_RD_SYS_DATA_PART2_5_REG | Register 5 of BLOCK10 (system). 0x0170 RO
EFUSE_RD_SYS_DATA_PART2_6_REG | Register 6 of BLOCK10 (system). 0x0174 RO
EFUSE_RD_SYS_DATA_PART2_7_REG | Register 7 of BLOCK10 (system). 0x0178 RO
Error Status Registers

EFUSE_RD_REPEAT_ERRO_REG Programming error record register O of BLOCKO. | 0x017C RO
EFUSE_RD_REPEAT_ERR1_REG Programming error record register 1 of BLOCKO. | 0x0180 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

Programming error record register 0 of BLOCK1 -
EFUSE_RD_RS_ERRO_REG 0 0x01C0 RO
Programming error record register 1 of BLOCK1 -

EFUSE_RD_RS_ERR1_REG 10 0x01C4 RO
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Name Description Address | Access
Control/Status Registers
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 R/W
EFUSE_DAC_CONF_REG Controls the eFuse programming voltage. Ox01E8 R/W
EFUSE_STATUS_REG eFuse status register. 0x01D0 RO
Interrupt Registers
EFUSE_INT_RAW_REG eFuse raw interrupt register. 0x01D8 RO
EFUSE_INT_ST_REG eFuse interrupt status register. 0x01DC RO
EFUSE_INT_ENA_REG eFuse interrupt enable register. 0x01EO R/W
EFUSE_INT_CLR_REG eFuse interrupt clear register. Ox01E4 WO
Configuration Registers
EFUSE_RD_TIM_CONF_REG Configures read timing parameters. OxO1EC R/W
Configuration register 0 of eFuse programming
EFUSE_WR_TIM_CONFO_REG o Ox01FO R/W
timing parameters.
Configuration register 1 of eFuse programming
EFUSE_WR_TIM_CONF1_REG o Ox01F4 R/W
timing parameters.
Configuration register 2 of eFuse programming
EFUSE_WR_TIM_CONF2_REG o Ox01F8 R/W
timing parameters.
Version Register
EFUSE_DATE_REG Version control register. Ox01FC R/W

4.6 Registers

Register 4.1: EFUSE_PGM_DATAN_REG (n: 0-7) (0x0000+4*)

B

0x000000

‘Reset

EFUSE_PGM_DATA_n The content of the nth 32-bit data to be programmed. (R/W)
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Register 4.2: EFUSE_PGM_CHECK_VALUE/_REG (: 0-2) (0x0020+4*")

&
i~
&
E 7]
‘ 0x000000 \ Reset

EFUSE_PGM_RS_DATA_n The content of the nth 32-bit RS code to be programmed. (R/W)

Register 4.3: EFUSE_RD_WR_DIS_REG (0x002C)

E ]

‘ 0x000000 \ Reset

EFUSE_WR_DIS Represents whether writing of individual eFuses is disabled. 1: Disabled. O: En-
abled. (RO)
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Register 4.4: EFUSE_RD_REPEAT_DATAO_REG (0x0030)
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,\uizg/ S 00@9\ 53\\&%@0 PSSP T ®
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o F 58T » FILLFTISIILFF 0
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@ & LK @ FEEEEEEEEEEESE &
‘31 29 | 28 27| 26 25 24 | 23 20 | 19 18 17 16 15 14 13 12 11 10 9 8 7 6 0‘
\ooomooooooooooooooooooooo 0x0 \Reset

EFUSE_RD_DIS Represents whether users’ reading from BLOCK4 ~ 10 is disabled. 1: Disabled. O:
Enabled. (RO)

EFUSE_DIS_RTC_RAM_BOOT Reserved. (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 in Download mode. 1:
Disabled. 0: Enabled. (RO)

EFUSE_DIS_DOWNLOAD_DCACHE Represents whether Dcache is disabled in Download mode.
1: Disabled. O: Enabled. (RO)

EFUSE_DIS_FORCE_DOWNLOAD Represents whether the function that forces chip into download
mode is disabled. 1: Disabled. 0: Enabled. (RO)

EFUSE_DIS_USB Represents whether to disable USB OTG function. 1: Disabled. 0: Enabled. (RO)

EFUSE_DIS_CAN Represents whether to disable the TWAI Controller function. 1: Disabled. 0: En-
abled. (RO)

EFUSE_DIS_BOOT_REMAP Represents whether to disable the capability to remap RAM to ROM
address space. 1: Disabled. 0: Enabled. (RO)

EFUSE_RPT4_RESERVED5 Reserved (used for four backups method). (RO)

EFUSE_SOFT_DIS_JTAG Represents whether JTAG is disabled in the soft way. 1: Disabled. It still
can be restarted via HMAC. 0: Enabled. (RO)

EFUSE_HARD_DIS_JTAG Represents whether JTAG is disabled in the hard way (permanently). 1:
Disabled. O: Enabled. (RO)

EFUSE_DIS_DOWNLOAD_MANUAL_ENCRYPT Represents whether flash encryption is disabled in
Download boot mode. 1: Disabled. 0: Enabled. (RO)

Continued on the next page...
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Register 4.4: 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)

EFUSE_EXT_PHY_ENABLE Represents whether to enable external USB PHY. 1: Enabled. 0: Dis-
abled. (RO)

EFUSE_USB_FORCE_NOPERSIST Represents whether to force set USB BVALID to 1. 1: Set. O:
Not set. (RO)

EFUSE_RPT4_RESERVEDO Reserved (used for four backups method). (RO)
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Register 4.5: EFUSE_RD_REPEAT_DATA1_REG (0x0034)
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\ 0x0 | 0x0 [oJoJo] oo [oofo o 0o 0o o0 0 o o ofoJoJoJo 0 0 OfReset

EFUSE_VDD_SPI_XPD Represents whether the VDD_SPI regulator is powered on when
VDD_SPI_FORCE is 1. 1: Powered on. 0: Not powered on. (RO)

EFUSE_VDD_SPI_TIEH Represents the VDD_SPI voltage when VDD_SPI_FORCE is 1. 1: VDD_SPI
connects to VDD_RTC_IO. 0: VDD_SPI connects to 1.8 V LDO. (RO)

EFUSE_VDD_SPI_FORCE Represents whether to use XPD_VDD_PSI_REG and VDD_SPI_TIEH to
configure VDD_SPI 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 count of bits with a value of 1: Enabled. Even count of bits with a value 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 KeyO. Refer to Table 29 Key Purpose Values. (RO)

EFUSE_KEY_PURPOSE_1 Represents purpose of Key1. Refer to Table 29 Key Purpose Values. (RO)

Espressif Systems 137 ESP32-S2 TRM (v1.1)
Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=1.1

4. eFuse Controller (eFuse)

Register 4.6: EFUSE_RD_REPEAT_DATA2_REG (0x0038)

‘31 28| 27 22 21| 20 |19 16 | 15 12 11 8|7 413 0‘

\ 0x0 0x0 olofo o o0 o 0x0 0x0 0x0 X0 \Reset

EFUSE_KEY_PURPOSE_2 Represents purpose of Key2. Refer to Table 29 Key Purpose Values. (RO)

EFUSE_KEY_PURPOSE_3 Represents purpose of Key3. Refer to Table 29 Key Purpose Values. (RO)

EFUSE_KEY_PURPOSE_4 Represents purpose of Key4. Refer to Table 29 Key Purpose Values. (RO)

EFUSE_KEY_PURPOSE_5 Represents purpose of Key5. Refer to Table 29 Key Purpose Values. (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_RPT4_RESERVED1 Reserved (used for four backups method). (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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4. eFuse Controller (eFuse)

Register 4.7: EFUSE_RD_REPEAT_DATA3_REG (0x003C)

‘31 27| 26 11| 10 9 8 |7 6| 5 4 3 2 1 0 ‘

\ 0x0 0x00 olof[o] oxo [oJoJolo]o O‘Reset

EFUSE_DIS_DOWNLOAD_MODE Represents whether download mode is disabled or enabled. 1:
Disabled. O0: Enabled. (RO)

EFUSE_DIS_LEGACY_SPI_BOOT Represents whether Legacy SPI boot mode is disabled. 1: Dis-
abled. 0: Enabled. (RO)

EFUSE_UART_PRINT_CHANNEL Represents the default UART for printing boot messages. O:
UARTO; 1: UART1. (RO)

EFUSE_RPT4_RESERVED3 Reserved (used for four backups method). (RO)

EFUSE_DIS_USB_DOWNLOAD_MODE Represents whether USB OTG is disabled in UART down-
load boot mode. 1: Disabled. 0: Enabled. (RO)

EFUSE_ENABLE_SECURITY_DOWNLOAD Represents whether secure UART download mode is
enabled (read/write flash only). 1: Enabled. 0: Disabled. (RO)

EFUSE_UART_PRINT_CONTROL Represents the default UART boot message output mode. 00:
Enabled. 01: Enable when GPIO46 is low at reset. 10: Enable when GPIO46 is high at reset. 11:
Disabled. (RO)

EFUSE_PIN_POWER_SELECTION Represents the default power supply for GPIO33 ~ GPIO37 is
set when SPI flash is initialized. 0: VDD3P3_CPU. 1: VDD_SPI. (RO)

EFUSE_FLASH_TYPE Represents the SPI flash type. 0: Maximum four data lines. 1: Eight data
lines. (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)

EFUSE_SECURE_VERSION Represents the values of version control register (used by ESP-IDF anti-
rollback feature). (RO)

EFUSE_RPT4_RESERVED2 Reserved (used for four backups method). (RO)
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4. eFuse Controller (eFuse)

Register 4.8: EFUSE_RD_REPEAT_DATA4_REG (0x0040)
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’o 0 000 0 0 O 0x0000 ‘Reset

EFUSE_RPT4_RESERVED4 Reserved (used for four backups method). (RO)

Register 4.9: EFUSE_RD_MAC_SPI_SYS_0_REG (0x0044)

E ]

’ 0x000000 \ Reset

EFUSE_MAC_0 Stores the low 32 bits of MAC address. (RO)

Register 4.10: EFUSE_RD_MAC_SPI_SYS_1_REG (0x0048)

&
QO
w7 -
Q7 \g
<7 <7
) )
& &
’ 31 16 | 15 0 ‘
] 0x00 0x00 ‘ Reset

EFUSE_MAC_1 Stores the high 16 bits of MAC address. (RO)

EFUSE_SPI_PAD_CONF_0 Stores the zeroth part of SPI_PAD_CONF. (RO)
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4. eFuse Controller (eFuse)

Register 4.11: EFUSE_RD_MAC_SPI_SYS_2_REG (0x004C)

oOé(
©7
Q\/
&
E ]
’ 0x000000 \ Reset

EFUSE_SPI_PAD_CONF_1 Stores the first part of SPI_PAD_CONF. (RO)

Register 4.12: EFUSE_RD_MAC_SPI_SYS_3_REG (0x0050)

QO 9
Q??\ oé< d
< 09
99?‘ \Q?\
& 8
K &
& &
’ 31 18 | 17 0 ‘
’ 0x00 0x000 ‘ Reset

EFUSE_SPI_PAD_CONF_2 Stores the second part of SPI_PAD_CONF. (RO)

EFUSE_SYS_DATA_PARTO0_0 Stores the zeroth part of the zeroth part of system data. (RO)

Register 4.13: EFUSE_RD_MAC_SPI_SYS_4_REG (0x0054)

E ]

’ 0x000000 \ Reset

EFUSE_SYS_DATA_PARTO0_1 Stores the fist part of the zeroth part of system data. (RO)

Espressif Systems 141 ESP32-S2 TRM (v1.1)
Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=1.1

4. eFuse Controller (eFuse)

Register 4.14: EFUSE_RD_MAC_SPI_SYS_5_REG (0x0058)
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&
’ 31 0 ‘
’ 0x000000 \ Reset

EFUSE_SYS_DATA_PARTO0_2 Stores the second part of the zeroth part of system data. (RO)

Register 4.15: EFUSE_RD_SYS_DATA_PART1_n_REG (1: 0-7) (0x005C+4*)

’ 0x000000 ‘ Reset

EFUSE_SYS_DATA_PART1_n Stores the nth 32 bits of the first part of system data. (RO)

Register 4.16: EFUSE_RD_USR_DATAn_REG (n: 0-7) (0x007C+4*n)

%
)
({3\)

’ 0x000000 \ Reset

EFUSE_USR_DATAn Stores the nth 32 bits of BLOCKS (user). (RO)
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4. eFuse Controller (eFuse)

Register 4.17: EFUSE_RD_KEYO_DATA/_REG (: 0-7) (0x009C+4*/)

’ 0x000000 \ Reset

EFUSE_KEYO_DATAn Stores the nth 32 bits of KEYO. (RO)

Register 4.18: EFUSE_RD_KEY1_DATA"_REG (: 0-7) (0OX00BC+4*/))

E ]

’ 0x000000 \ Reset

EFUSE_KEY1_DATAn Stores the nth 32 bits of KEY1. (RO)

Register 4.19: EFUSE_RD_KEY2_DATA"_REG (n: 0-7) (0x00DC+4*n)

’ 0x000000 \ Reset

EFUSE_KEY2_DATAn Stores the nth 32 bits of KEY2. (RO)

Register 4.20: EFUSE_RD_KEY3_DATA"_REG (n: 0-7) (0xOOFC+4*)
o@
0/
&

%
0"0

’ 0x000000 \ Reset

EFUSE_KEY3_DATAn Stores the nth 32 bits of KEY3. (RO)
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4. eFuse Controller (eFuse)

Register 4.21: EFUSE_RD_KEY4_DATA/_REG (: 0-7) (0x011C+4*/)

’ 0x000000 \ Reset

EFUSE_KEY4_DATAn Stores the nth 32 bits of KEY4. (RO)

Register 4.22: EFUSE_RD_KEY5_DATA/_REG (: 0-7) (0x013C+4*/)

E ]

’ 0x000000 \ Reset

EFUSE_KEY5_DATAn Stores the nth 32 bits of KEY5. (RO)

Register 4.23: EFUSE_RD_SYS_DATA_PART2_n_REG (1: 0-7) (0x015C+4*)

Vé‘@/
&
o7
&
g ]
] 0x000000 ‘ Reset

EFUSE_SYS_DATA_PART2_n Stores the nth 32 bits of the 2nd part of system data. (RO)
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4. eFuse Controller (eFuse)

Register 4.24: EFUSE_RD_REPEAT_ERRO_REG (0x017C)
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@ & S < @ CCC T <&
‘31 29| 28 27| 26 25 24 23 20| 19 18 17 16 15 14 13 12 11 10 9 8 7 6 0‘
\oooomoooooooooooooooooooo 0x0 \Reset

EFUSE_RD_DIS_ERR Any bit equal to 1 denotes a programming error in EFUSE_RD_DIS. (RO)

EFUSE_DIS_RTC_RAM_BOOT_ERR Any bit equal to 1 denotes a programming error in
EFUSE_DIS_RTC_RAM_BOQT. (RO)

EFUSE_DIS_ICACHE_ERR Any bit equal to 1 denotes a programming error in EFUSE_DIS_ICACHE.
(RO)

EFUSE_DIS_DCACHE_ERR Any bit equal to 1 denotes a programming error in
EFUSE_DIS_DCACHE. (RO)

EFUSE_DIS_DOWNLOAD_ICACHE_ERR Any bit equal to 1 denotes a programming error in
EFUSE_DIS_DOWNLOAD_ICACHE. (RO)

EFUSE_DIS_DOWNLOAD_DCACHE_ERR Any bit equal to 1 denotes a programming error in
EFUSE_DIS_DOWNLOAD_DCACHE. (RO)

EFUSE_DIS_FORCE_DOWNLOAD_ERR Any bit equal to 1 denotes a programming error in
EFUSE_DIS_FORCE_DOWNLOAD. (RO)

EFUSE_DIS_USB_ERR Any bit equal to 1 denotes a programming error in EFUSE_DIS_USB. (RO)
EFUSE_DIS_CAN_ERR Any bit equal to 1 denotes a programming error in EFUSE_DIS_CAN. (RO)

EFUSE_DIS_BOOT_REMAP_ERR Any bit equal to 1 denotes a programming error in
EFUSE_DIS_BOOT_REMAP. (RO)

EFUSE_RPT4_RESERVED5_ERR Any bit equal to 1 denotes a programming error in
EFUSE_RPT4_RESERVEDS5. (RO)

EFUSE_SOFT_DIS_JTAG_ERR Any bit equal to 1 denotes a programming error in
EFUSE_SOFT_DIS_JTAG. (RO)

EFUSE_HARD_DIS_JTAG_ERR Any bit equal to 1 denotes a programming error in
EFUSE_HARD_DIS_JTAG. (RO)

Continued on the next page...
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4. eFuse Controller (eFuse)

Register 4.24: EFUSE_RD_REPEAT_ERRO_REG (0x017C)

Continued from the previous page...

EFUSE_DIS_DOWNLOAD_MANUAL_ENCRYPT_ERR Any bit equal to 1 denotes a programming
error in EFUSE_DIS_DOWNLOAD_MANUAL_ENCRYPT. (RO)

EFUSE_USB_EXCHG_PINS_ERR Any bit equal to 1 denotes a programming error in
EFUSE_USB_EXCHG_PINS. (RO)

EFUSE_EXT_PHY_ENABLE_ERR Any bit equal to 1 denotes a programming error in
EFUSE_EXT_PHY_ENABLE. (RO)

EFUSE_USB_FORCE_NOPERSIST_ERR Any bit equal to 1 denotes a programming error in
EFUSE_USB_FORCE_NOPERSIST. (RO)

EFUSE_RPT4_RESERVEDO_ERR Any bit equal to 1 denotes a programming error in
EFUSE_RPT4_RESERVEDO. (RO)
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4. eFuse Controller (eFuse)

Register 4.25: EFUSE_RD_REPEAT_ERR1_REG (0x0180)
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EFUSE_VDD_SPI_XPD_ERR Any bit equal to 1 denotes a programming error in
EFUSE_VDD_SPI_XPD. (RO)

EFUSE_VDD_SPI_TIEH_ERR Any bit equal to 1 denotes a programming error in
EFUSE_VDD_SPI_TIEH. (RO)

EFUSE_VDD_SPI_FORCE_ERR Any bit equal to 1 denotes a programming error in
EFUSE_VDD_SPI_FORCE. (RO)

EFUSE_WDT_DELAY_SEL_ERR Any bit equal to 1 denotes a programming error in
EFUSE_WDT_DELAY_SEL. (RO)

EFUSE_SPI_BOOT_CRYPT_CNT_ERR Any bit equal to 1 denotes a programming error in
EFUSE_SPI_BOOT_CRYPT_CNT. (RO)

EFUSE_SECURE_BOOT_KEY_REVOKEO_ERR Any bit equal to 1 denotes a programming error in
EFUSE_SECURE_BOOT_KEY_REVOKEQ. (RO)

EFUSE_SECURE_BOOT_KEY_REVOKE1_ERR Any bit equal to 1 denotes a programming error in
EFUSE_SECURE_BOOT_KEY_REVOKET. (RO)

EFUSE_SECURE_BOOT_KEY_REVOKE2_ERR Any bit equal to 1 denotes a programming error in
EFUSE_SECURE_BOOT_KEY_REVOKEZ2. (RO)

EFUSE_KEY_PURPOSE_0_ERR Any bit equal to 1 denotes a programming error in
EFUSE_KEY_PURPOSE_0. (RO)

EFUSE_KEY_PURPOSE_1_ERR Any bit equal to 1 denotes a programming error in
EFUSE_KEY_PURPOSE_1. (RO)

Espressif Systems 147 ESP32-S2 TRM (v1.1)
Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=1.1

4. eFuse Controller (eFuse)

Register 4.26: EFUSE_RD_REPEAT_ERR2_REG (0x0184)
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EFUSE_KEY_PURPOSE_2_ERR Any bit equal to 1 denotes a programming error in
EFUSE_KEY_PURPOSE_2. (RO)

EFUSE_KEY_PURPOSE_3_ERR Any bit equal to
EFUSE_KEY_PURPOSE_3. (RO)

—

denotes a programming error in

EFUSE_KEY_PURPOSE_4_ERR Any bit equal to
EFUSE_KEY_PURPOSE_4. (RO)

—

denotes a programming error in

EFUSE_KEY_PURPOSE_5_ERR Any bit equal to 1 denotes a programming error in
EFUSE_KEY_PURPOSE_5. (RO)

EFUSE_SECURE_BOOT_EN_ERR Any bit equal to 1 denotes a programming error in
EFUSE_SECURE_BOOT_EN. (RO)

EFUSE_SECURE_BOOT_AGGRESSIVE_REVOKE_ERR Any bit equal to 1 denotes a programming
error in EFUSE_SECURE_BOOT_AGGRESSIVE_REVOKE. (RO)

EFUSE_RPT4_RESERVED1_ERR Any bit equal to 1 denotes a programming error in
EFUSE_RPT4_RESERVED1. (RO)

EFUSE_FLASH_TPUW_ERR Any bit equal to 1 denotes a programming error in
EFUSE_FLASH_TPUW. (RO)
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4. eFuse Controller (eFuse)

Register 4.27:

EFUSE_RD_REPEAT_ERR3_REG (0x0188)
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\ 0x0

0

0

0 ‘Reset

EFUSE_DIS_DOWNLOAD_MODE_ERR Any bit equal to 1 denotes a programming error in

EFUSE_DIS_DOWNLOAD_MODE. (RO)

EFUSE_DIS_LEGACY_SPI_BOOT_ERR Any bit equal to 1 denotes a programming error in

EFUSE_DIS_LEGACY_SPI_BOOT. (RO)

EFUSE_UART_PRINT_CHANNEL_ERR Any bit equal to 1 denotes a programming error in

EFUSE_UART_PRINT_CHANNEL. (RO)

EFUSE_RPT4_RESERVED3_ERR Any bit equal to 1

EFUSE_RPT4_RESERVEDS. (RO)

denotes a programming error

in

EFUSE_DIS_USB_DOWNLOAD_MODE_ERR Any bit equal to 1 denotes a programming error in

EFUSE_DIS_USB_DOWNLOAD_MODE. (RO)

EFUSE_ENABLE_SECURITY_DOWNLOAD_ERR Any bit equal to 1 denotes a programsnming error

in EFUSE_ENABLE_SECURITY_DOWNLOAD. (RO)

EFUSE_UART_PRINT_CONTROL_ERR Any bit equal to 1 denotes a programming error

EFUSE_UART_PRINT_CONTROL. (RO)

EFUSE_PIN_POWER_SELECTION_ERR Any bit equal to 1 denotes a programming error

EFUSE_PIN_POWER_SELECTION. (RO)

EFUSE_FLASH_TYPE_ERR Any bit
EFUSE_FLASH_TYPE. (RO)

equal to 1 denotes a

EFUSE_FORCE_SEND_RESUME_ERR Any bit equal to 1 denotes a programming error

EFUSE_FORCE_SEND_RESUME. (RO)

EFUSE_SECURE_VERSION_ERR Any bit equal
EFUSE_SECURE_VERSION. (RO)

to 1

EFUSE_RPT4_RESERVED2_ERR Any bit equal to 1

EFUSE_RPT4_RESERVED2. (RO)
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4. eFuse Controller (eFuse)

Register 4.28: EFUSE_RD_REPEAT_ERR4_REG (0x0190)
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EFUSE_RPT4_RESERVED4_ERR If any bit in RPT4_RESERVED4 is 1, there is a programming error
in EFUSE_RPT4_RESERVEDA4. (RO)

Register 4.29: EFUSE_RD_RS_ERRO_REG (0x01C0)

EFUSE_MAC_SPI_8M_ERR_NUM The value of this signal means the number of error bytes in
BLOCK1. (RO)

EFUSE_MAC_SPI_8M_FAIL 0: Means no failure and that the data of BLOCK1 is reliable; 1: Means
that programming BLOCK1 data failed and the number of error bytes is over 5. (RO)

EFUSE_SYS_PART1_NUM The value of this signal means the number of error bytes in BLOCK2.
(RO)

EFUSE_SYS_PART1_FAIL 0O: Means no failure and that the data of BLOCK? is reliable; 1: Means
that programming BLOCK2 data failed and the number of error bytes is over 5. (RO)

EFUSE_USR_DATA_ERR_NUM The value of this signal means the number of error bytes in BLOCKS.
(RO)

EFUSE_USR_DATA_FAIL 0: Means no failure and that the data of BLOCKS is reliable; 1: Means that
programming BLOCKS data failed and the number of error bytes is over 5. (RO)

EFUSE_KEYn_ERR_NUM The value of this signal means the number of error bytes in KEYn. (RO)

EFUSE_KEYn_FAIL 0: Means no failure and that the data of KEYn is reliable; 1: Means that program-
ming KEYn failed and the number of error bytes is over 5. (RO)
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4. eFuse Controller (eFuse)

Register 4.30: EFUSE_RD_RS_ERR1_REG (0x01C4)
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EFUSE_KEY5_ERR_NUM The value of this signal means the number of error bytes in KEY5. (RO)

EFUSE_KEY5_FAIL 0: Means no failure and that the data of KEY5 is reliable; 1: Means that pro-
gramming user data failed and the number of error bytes is over 5. (RO)

EFUSE_SYS_PART2_ERR_NUM The value of this signal means the number of error bytes in
BLOCK10. (RO)

EFUSE_SYS_PART2_FAIL 0O: Means no failure and that the data of BLOCK10 is reliable; 1: Means
that programming BLOCK10 data failed and the number of error bytes is over 5. (RO)

Register 4.31: EFUSE_CLK_REG (0x01C8)
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EFUSE_EFUSE_MEM_FORCE_PD |[f set, forces eFuse SRAM into power-saving mode. (R/W)
EFUSE_MEM_CLK_FORCE_ON |[f set, forces to activate clock signal of eFuse SRAM. (R/W)
EFUSE_EFUSE_MEM_FORCE_PU If set, forces eFuse SRAM into working mode. (R/W)

EFUSE_CLK_EN If set, forces to enable clock signal of eFuse memory. (R/W)
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4. eFuse Controller (eFuse)

Register 4.32: EFUSE_CONF_REG (0x01CC)
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EFUSE_OP_CODE O0x5A5A: Operate programming command; Ox5AA5: Operate read command.

(R/W)
Register 4.33: EFUSE_CMD_REG (0x01D4)
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EFUSE_READ_CMD Set this bit to send read command. (R/W)
EFUSE_PGM_CMD Set this bit to send programming command. (R/W)

EFUSE_BLK_NUM The serial number of the block to be programmed. Value 0-10 corresponds to
block number 0-10, respectively. (R/W)

Register 4.34: EFUSE_DAC_CONF_REG (0x01ES8)
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EFUSE_DAC_CLK_DIV Controls the division factor of the rising clock of the programming voltage.
R/W)

EFUSE_DAC_CLK_PAD_SEL Don't care. (R/W)
EFUSE_DAC_NUM Controls the rising period of the programming voltage. (R/W)

EFUSE_OE_CLR Reduces the power supply of the programming voltage. (R/W)
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4. eFuse Controller (eFuse)

Register 4.35: EFUSE_STATUS_REG (0x01D0)

Qé&
&
A/
& &
<& <
S & S $
N %((// N %Q//
%Q’ <<\> %Q’ <<\>
N & N &
‘31 18 | 17 109 413 0‘
\o 0O 00000 OO O0UO0UO 0 O 0x0 0 0 0 0 0 O 0x0 \Reset

EFUSE_STATE Indicates the state of the eFuse state machine. (RO)

EFUSE_REPEAT_ERR_CNT Indicates the number of error bits during programming BLOCKO. (RO)

Register 4.36: EFUSE_INT_RAW_REG (0x01D8)

S
AN
NS
JX
¥
N S
(\\Q) %((//%((//
& &
\oooooooooooooooooooooooooooooooo\Reset
EFUSE_READ_DONE_INT_RAW The raw bit signal for read_done interrupt. (RO)
EFUSE_PGM_DONE_INT_RAW The raw bit signal for pgm_done interrupt. (RO)
Register 4.37: EFUSE_INT_ST_REG (0x01DC)
£ N
< &7
<</>$<</>
Oéooe
. 2%
5 S
& &

EFUSE_READ_DONE_INT_ST The status signal for read_done interrupt. (RO)

EFUSE_PGM_DONE_INT_ST The status signal for pgm_done interrupt. (RO)
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4. eFuse Controller (eFuse)

Register 4.38: EFUSE_INT_ENA_REG (0x01EO)

X
/\@&f
@\e@é
Oéooe
N7
D O
& R
@ &L
‘31 2 1 0 ‘
\oooooooooooooooooooooooooooooooo\Reset
EFUSE_READ_DONE_INT_ENA The enable signal for read_done interrupt. (R/W)
EFUSE_PGM_DONE_INT_ENA The enable signal for pgm_done interrupt. (R/W)
Register 4.39: EFUSE_INT_CLR_REG (0x01E4)
oViO&
<>O$OOé
R 3
Q
& s
& &K
‘31 2 1 0 ‘
\oooooooooooooooooooooooooooooooo\Reset
EFUSE_READ_DONE_INT_CLR The clear signal for read_done interrupt. (WO)
EFUSE_PGM_DONE_INT_CLR The clear signal for pgm_done interrupt. (WO)
Register 4.40: EFUSE_RD_TIM_CONF_REG (0x01EC)
S
%
S s
N
Q/ Q\/ Y
<& <& & &
<’ <’ s <7
S S S &
& & & &
‘31 24|23 16|l5 8|7 0‘
\ 0x12 | ox1 | OxT1 | oxd |Reset
EFUSE_THR_A Configures the hold time of read operation. (R/W)
EFUSE_TRD Configures the length of pulse of read operation. (R/W)
EFUSE_TSUR_A Configures the setup time of read operation. (R/W)
EFUSE_READ_INIT_NUM Configures the initial read time of eFuse. (R/W)
Espressif Systems 154 ESP32-S2 TRM (v1.1)

Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=1.1

4. eFuse Controller (eFuse)

Register 4.41: EFUSE_WR_TIM_CONFO0_REG (0x01FO0)

&\jo
O
é?‘
X » 2
&L &L &7
% % v
2 & &
& & &
‘ 31 16 | 15 8|7 0 ‘
‘ 0xc8 Oox1 Ox1 ‘ Reset

EFUSE_THP_A Configures the hold time of programming operation. (R/W)
EFUSE_TPGM_INACTIVE Configures the length of pulse during programming O to eFuse. (R/W)

EFUSE_TPGM Configures the length of pulse during programming 1 to eFuse. (R/W)

Register 4.42: EFUSE_WR_TIM_CONF1_REG (0x01F4)

Q
>
Q\/Oé Q ?
D ™ &
%Q’Q\ 0%<</ \)%Q//
@ & &

‘ 31 24 | 23 8 | 7 0 ‘

\o 0 000 0 O o| 0x2880 | Ox1 \Reset
EFUSE_TSUP_A Configures the setup time of programming operation. (R/W)
EFUSE_PWR_ON_NUM Configures the power up time for VDDQ. (R/W)

Register 4.43: EFUSE_WR_TIM_CONF2_REG (0x01F8)
Q
S
oS
D ™
& &

Q)Q" (<\>
& <&

‘ 31 16 | 15 0 ‘

\o 0 000 0O0OO0UOTO OGO OGO OGO OO0 O o| 0x190 \Reset
EFUSE_PWR_OFF_NUM Configures the power outage time for VDDQ. (R/W)
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4. eFuse Controller (eFuse)

Register 4.44: EFUSE_DATE_REG (0x01FC)

&
&7
N
&
\ 0x19081100 \ Reset
EFUSE_DATE \Version control register. (R/W)
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

5. 10 MUX and GPIO Matrix (GPI10O, 10_MUX)

5.1 Overview

The ESP32-S2 chip features 43 physical GPIO pads. Each pad can be used as a general-purpose I/O, or be
connected to an internal peripheral signal. The IO MUX, RTC 10 MUX and the GPIO matrix are responsible for
routing signals from the peripherals to GPIO pads. Together these modules provide highly configurable 1/0.

Note that the GPIO pads are numbered from 0 ~ 21 and 26 ~ 46, while GPIO46 is input-only.

This chapter describes the selection and connection of the internal signals for the 43 digital pads and control
signals: FUN_SEL, IE, OE, WPU, WPD, etc. These internal signals include:

¢ 116 digital peripheral input signals, control signals: SIG_IN_SEL, SIG_OUT_SEL, IE, OE, etc.
e 182 digital peripheral output signals, control signals: SIG_IN_SEL, SIG_OUT_SEL, IE, OE, etc.
e fast peripheral input and output signals, control signals: |E, OE, etc.

e 22 RTC GPIO signals

GPIO matrix 10 MUX

2 (FUNC) |——y

60 | ConStant 0 input
nstant 1 input
0(FUNC) 56 ¢ ConSta D MCU_SEL
Peripheral Signal Y 0 GPIOO_in ik .
sig_in_funcly] 1 GPIOL in ad X supplie
pGpio) > GPIOZ in by VDD3P3_CPU
e s
@ o GPIOX_in @ | eri0 GPIO ® A %
e SYNC Filter wey
GPIO_SIGy_IN_SEL oe o
GPIO_FUNCy_IN_INV_SEL GPIO53 in N weo

*‘ i

GPIO_FUNCy_IN_SEL

116 peripheral inputs
-— |
GPIO_FUNCx_OUT_SEL

182 peripheral outputs

- signalo_out 4>0\L GPIO_FUNCX_OUT_INT_SEL, MCL.SEL
signall_out ———{ 1 \l\ -
signal2_out ——{ 2
Peripheral Signal Y’ : o ® O(FUNC)

L]
Peripheral Signal Y °
prerpheralsonaly oy 0 »| 1(GPIO) >
1 Pad X supplied by
signal251_out —— 251 | 2(FUNC) VDD3P3_RTC_IO
GPIOX_out
GPIO_OUT_DATA_bit_X——pm| 256 ®| = %
- 1 ‘- wPU
oe oaD
@ » 0 Lo our %wsn
TH GPIO and 10 MUX power domain
Il RTC power domain
-
RTC GPIO - RTC |0 MUX

@Not every peripheral input has the MUX, only peripheral input signals (Y: 0~3, 7~11, 14~15, 17~18, 108~117, 127~130, 167~171) have this MUX.
The other peripheral inputs only get the input from GPIO Matrix.

(@ There are 43 GPIO pads(X: 0~21, 26~46), therefore only 43 inputs from GPIO SYNC to GPIO Matrix.
(@ There are few control signals, IE, OE, WPU, WPD, connected to Pad supplied by VDD_3P3_CPU.

@ only few peripheral outputs have this path, please refer to 10 MUX Pad Table in this chapter.
(®There are only 42 outputs (GPIO pad X: 0~21, 26~45) from GPIO matrix to 10 MUX.

(® There are few control signals, IE, OE, WPU, WPD, connected to Pad supplied by VDD3P3_RTC_IO.

Figure 5-1. 10 MUX, RTC IO MUX and GPIO Matrix Overview

Figure 5-1 shows the overview of IO MUX, RTC IO MUX and GPIO matrix.
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

1. 10 MUX provides one configuration register IO_MUX_n_REG for each GPIO pad. The pad can be
configured to

e perform GPIO function routed by GPIO matrix;
e or perform direct connection bypassing GPIO matrix.

Some high-speed digital signals (SPI, JTAG, UART) can bypass GPIO matrix for better high-frequency
digital performance. In this case, |0 MUX is used to connect these pads directly to the peripheral.

See Section 5.11 for the 10 MUX functions for each I/0O pad.
2. GPIO matrix is a full-switching matrix between the peripheral input/output signals and the pads.

e For input to the chip: each of the 116 internal peripheral inputs can select any GPIO pad as their input
source.

e For output from the chip: each GPIO pad can select any of the 182 peripheral output signals for its
output.

See Section 5.10 for the list of peripheral signals via GPIO matrix.

3. RTC IO MUKX is used to connect GPIO pads to their low-power and analog functions. Only a subset of
GPIO pads have these optional RTC functions.

See Section 5.12 for the list of RTC 10 MUX functions.

5.2 Peripheral Input via GPIO Matrix

5.2.1 Overview

To receive a peripheral input signal via GPIO matrix, the matrix is configured to source the peripheral input signal
from one of the 43 GPIOs (0 ~ 21, 26 ~ 46), see Table 38. Meanwhile, register corresponding to the peripheral
should be set to receive input signal via GPIO matrix.

5.2.2 Synchronization

When signals are directed using the GPIO matrix, the signal will be synchronized to the APB bus clock by the
GPIO SYNC hardware. This synchronization applies to all GPIO matrix signals but does not apply when using the
IO MUX, see Figure 5-1.

Figure 5-2 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.
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

GPIO input sync

gpio_pinX_syncl_bypass[0]

gpio_pinX_syncl_bypass[1]
gpio input ;

negtive
sync

postive
sync

gpio_pinX_sync2_bypass[0]

gpio_pinX_sync2_bypass[1]

negtive
sync

postive
sync

Second-stage synchronizer

First-stage synchronizer

Figure 5-2. GPIO Input Synchronized on Clock Rising Edge or on Falling Edge

5.2.3 Functional Description
To read GPIO pad 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 value corresponding to GPIO pad X.

Note that some peripheral signals have no valid GPIO_SIGy_IN_SEL bit, namely, there is no MUX module
in Figure 5-1 for these signals (see note 1 below Figure 5-1). These peripherals can only receive input
signals via GPIO matrix.

2. Enable the filter for pad input signals by setting the register IO_MUX_FILTER_EN. Only the signals with a
valid width of more than two clock cycles can be sampled, see Figure 5-3.

clk J\_‘\_‘

1 clock glitch

gpio_iu ~— >2clock A\H—‘ﬁ Hm

filter_out ‘

Figure 5-3. Filter Timing Diagram of GPIO Input Signals

3. Synchronize GPIO input. To do so, please set GPIO_PINx_REG corresponding to GPIO pad 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 5-2.

e Set GPIO_PINX_SYNC2_BYPASS to enable input signal synchronized on rising edge or on falling edge
in the second clock, see Figure 5-2.

4. Configure 10 MUX register to enable pad input. For this end, please set I0_MUX_x_REG corresponding to
GPIO pad X as follows:

e Set IO_MUX_FUNL_IE to enable input.
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

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_inQ, signal index 83) to GPIO40, please follow the
steps below. Note that GPIO40 is also named as MTDO pin.

1. Set GPIO_SIG83_IN_SEL in register GPIO_FUNC83_IN_SEL_CFG_REG to enable peripheral signal input
via GPIO matrix.

2. Set GPIO_FUNCB83_IN_SEL in register GPIO_FUNC83_IN_SEL_CFG_REG to 40.

3. Set IO_MUX_FUNL_IE in register IO_MUX_GPIO40_REG to enable pad input.
Note:

¢ One input pad can be connected to multiple peripheral input signals.

¢ The input signal can be inverted by configuring GPIO_FUNCy_IN_INV_SEL.

® [tis possible to have a peripheral read a constantly low or constantly high input value without connecting
this input to a pad. This can be done by selecting a special GPIO_FUNCy_IN_SEL input, instead of a GPIO
number:

- When GPIO_FUNCy_IN_SEL is Ox3C, input signal X is always O.

- When GPIO_FUNCy_IN_SEL is 0x38, input signal X is always 1.

5.2.4 Simple GPIO Input

GPIO_IN_REG/GPIO_IN1_REG holds the input values of each GPIO pad. The input value of any GPIO pad can
be read at any time without configuring GPIO matrix for a particular peripheral signal. However, it is necessary to
enable the input in IO MUX by setting I0O_MUX_FUN_IE bit in register IO_MUX_n_REG corresponding to pad X, as
mentioned in Section 5.2.2.

5.8 Peripheral Output via GPIO Matrix

5.3.1 Overview
To output a signal from a peripheral via GPIO matrix, the matrix is configured to route peripheral output signals (0
~ 11, 14 ~ 18, and etc.) to one of the 42 GPIOs (0 ~ 21, 26 ~ 45). See Table 38.

The output signal is routed from the peripheral into GPIO matrix and then into 10 MUX. 10 MUX must be
configured to set the chosen pad to GPIO function. This causes the output GPIO signal to be connected to the
pad.

Note:
There is a range of peripheral output signals (223 ~ 227) which are not connected to any peripheral. These can be used
to input a signal from one GPIO pad and output directly to another GPIO pad.

5.3.2 Functional Description
Some of the 182 output signals can be set to go through GPIO matrix into IO MUX and then to a pad. Figure 5-1
illustrates the configuration.

To output peripheral signal Y to a particular GPIO pad X, follow these steps:

1. Configure register GPIO_FUNCx_OUT_SEL_CFG_REG and GPIO_ENABLE_REG|x] corresponding to GPIO
pad X in GPIO matrix. Recommended operation: use corresponding W1TS (write 1 to set) and W1TC (write
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

1 to clear) registers to set or clear GPIO_ENABLE_REG.

e 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 GPIO_FUNCx_OEN_SEL bit in register
GPIO_FUNCx_OUT_SEL_CFG_REG and the bit in register GPIO_ENABLE_W1TS_REG or in register
GPIO_ENABLE1_W1TS_REG, corresponding to GPIO pad X. To have the output enable signal
decided by internal logic (see the column "Output enable of output signals” in Table 38), clear
GPIO_FUNCx_OEN_SEL bit instead.

e Clear the corresponding bit in register GPIO_ENABLE_W1TC_REG or in register
GPIO_ENABLE1_W1TC_REG to disable the output from the GPIO pad.

2. For an open drain output, set the GPIO_PINx_PAD_DRIVER bit in register GPIO_PINx_REG corresponding
to GPIO pad X.

3. Configure 10 MUX register to enable output via GPIO matrix. Set the I0_MUX_x_REG corresponding to
GPIO pad X as follows:

e Set the field I0_MUX_MCU_SEL to IO_MUX function corresponding to GPIO pad X. This is Function
1, numeric value 1, for all pins.

e Set the IO_MUX_FUN_DRYV field 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: ~10 mA

= 2: ~20 mA (Default value)
- 3: ~40mA

e |f using open drain mode, set/clear the |IO_MUX_FUN_WPU and IO_MUX_FUN_WPD bits to
enable/disable the internal pull-up/down resistors.

Note:
® The output signal from a single peripheral can be sent to multiple pads simultaneously.
e GPIO46 can not be used as an output.

e The output signal can be inverted by setting GPIO_FUNCn_OUT_INV_SEL bit.

5.3.3 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] register to the desired GPIO
output value.

Note:

e GPIO_OUT_REGI0] ~ GPIO_OUT_REG[31] correspond to GPIO0 ~ GPIO31, and GPIO_OUT_REG[25:22]
are invalid.
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

e GPIO_OUT1_REGI0] ~ GPIO_OUT1_REG[13] correspond to GPIO32 ~ GPIO45, and
GPIO_OUT1_REG[21:14] are invalid.

¢ Recommended operation: use corresponding W1TS and W1TC registers, such as
GPIO_OUT_WI1TS/GPIO_OUT_W1TC to set or clear the registers GPIO_OUT_REG/GPIO_OUT1_REG.

5.3.4 Sigma Delta Modulated Output
5.3.4.1 Functional Description

ESP32-S2 provides a second-order sigma delta modulation module and eight independent modulation channels.
The channels are capable to output 1-bit signals (output index: 100 ~ 107) with sigma delta modulation, and by
default output is enabled for these channels. This module can also output PDM (pulse density modulation) signal
with configurable duty cycle. The transfer function is:

H(z) =X@z ' + E@(1-z71?
E(z) is quantization error and X(z) is the input.
Sigma Delta modulator supports scaling down of APB_CLK by divider 1 ~ 256:
e Set GPIOSD_FUNCTION_CLK_EN to enable the modulator clock.
e Configure register GPIOSD_SDn_PRESCALE (n is O ~ 7 for eight channels).
After scaling, the clock cycle is equal to one pulse output cycle from the modulator.

GPIOSD_SDr_IN is a signed number with a range of [-128, 127] and is used to control the duty cycle ! of PDM
output signal.

e GPIOSD_SDn_IN = -128, the duty cycle of the output signal is 0%.

e GPIOSD_SDn_IN = 0, the duty cycle of the output signal is near 50%.

e GPIOSD_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:

GPIOSD_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
cycles, for example 256 pulse cycles).

5.3.4.2 SDM Configuration
The configuration of SDM is shown below:
e Route one of SDM outputs to a pad via GPIO matrix, see Section 5.3.2.
e Enable the modulator clock by setting the register GPIOSD_FUNCTION_CLK_EN.
e Configure the divider value by setting the register GPIOSD_SDn_PRESCALE.
e Configure the duty cycle of SDM output signal by setting the register GPIOSD_SDr_IN.
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

5.4 Dedicated GPIO

5.41 Overview

The dedicated GPIO module, consisting of eight input/output channels, is specially designed for CPU interaction
with GPIO matrix and IO MUX. Peripheral input/output signals for input/output channels both are indexed from
235 to 242. By default, the output is enabled for output channels.

gpio_out_drt
gpio_out_msk

i \ gpio_out_status

Dedicated GPIO

gpio_out_cpu[7:0]

gpio_out_idv } /

gpio_out from CPU

gpio_out

CPU

N

gpio_in_dly[15:0]

Input

gpio_in

GPIO Matrix
and 10 MUX

in_1d
gpio_in to CPU gpio_in_status ’)/

L in_2d
it \\ in_3d
ntr

Intr Gen

Delay

8

Figure 5-4. Dedicated GPIO Diagram

Figure 5-4 shows the structure of dedicated GPIO module. Users can enable the clock of this module by setting
the bit SYSTEM_CLK_EN_DEDICATED_GPIO in register SYSTEM_CPU_PERI_CLK_EN_REG, and reset this
module by setting the bit SYSTEM_RST_EN_DEDICATED_GPIO in register SYSTEM_CPU_PERI_RST_EN_REG
first, and then clearing this bit. For more information, please refer to Table 89 Peripheral Clock Gating and Reset
Bits in Chapter 15 System Registers (SYSTEM).

5.4.2 Features

Dedicated GPIO module has the following features:

e Eight output and eight input channels

e Each channel accessible with registers or directly by CPU instructions

¢ Configurable delay on input channels

® Interrupts on input channels

5.4.3 Functional Description
Dedicated GPIOs may be accessed using registers or directly by calling specific CPU instructions.

When accessing output channels, select between registers and CPU by configuring
DEDIC_GPIO_OUT_CPU_REG:

e DEDIC_GPIO_OUT_CPU_SELn = 0, drive GPIO output via registers.

e DEDIC_GPIO_OUT_CPU_SELn = 1, drive GPIO output via CPU instructions.
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

The dedicated GPIO module also provides two ways to read input channels:
e Query GPIO input value via registers.

e Read GPIO input value via CPU instructions.

5.4.3.1 Accessing GPIO via Registers

Users can control GPIO output via registers in the following ways:
¢ Write GPIO output value directly by configuring the register DEDIC_GPIO_OUT_DRT_REG.
¢ Write GPIO output value via masked access by configuring the register DEDIC_GPIO_OUT_MSK_REG.
e Write GPIO output value via individual bits by configuring the register DEDIC_GPIO_OUT_IDV_REG.

User can read the register DEDIC_GPIO_OUT_SCAN_REG to check GPIO status, i.e. gpio_out_status in Figure
5-4, via software.

Users can get a dedicated GPIO input value by reading the register DEDIC_GPIO_IN_SCAN_REG, i.e. the
gpio_in_status in Figure 5-4, via software.

The dedicated GPIO module supports for a delay of 1/2/3 clock cycle(s) for input signals, or with no delay, which
can be controlled by configuring the register DEDIC_GPIO_IN_DLY_REG for each individual channel. GPIO input
status is indicated by interrupts. Users can configure the register DEDIC_GPIO_INTR_RCGN_REG to set trigger
modes:

e 0/1: no interrupt

e 2: low level trigger

3: high level trigger

4: falling edge trigger

e 5: rising edge trigger

6/7: edges trigger

5.4.3.2 Accessing GPIO with CPU

CPU can also read/write a dedicated GPIO via instructions.

e Set bits in output channel.
Assembly syntax: SET_BIT_GPIO_OUT mask
Addressing: immediate addressing
Function: write 1 to set the corresponding bits in user register GPIO_OUT, i.e. the gpio_out in Figure 5-4.
The “mask” is 8 bits wide. The bits in GPIO_OUT, corresponding to the bits in “mask” with the value of 1,
will be set to 1, while the other bits in GPIO_OUT remain unaffected.

e Clear bits in output channel.
Assembly syntax: CLR_BIT_GPIO_OUT mask
Addressing: immediate addressing
Function: write 1 to clear the corresponding bits in user register GPIO_OUT. The “mask” is 8 bits wide. The
bits in GPIO_OUT, corresponding to the bits in “mask” with the value of 1, will be cleared, while the other
bits in GPIO_OUT remain unaffected.
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

e Set or clear bits in output channel with masked access
Assembly syntax: WR_MASK_GPIO_OUT value, mask
Addressing: register addressing
Function: write value to user register GPIO_OUT via masked access. The “value” is 8 bits wide, which
represents the value to write. The “mask” is 8 bits wide, which represents the bits in GPIO_OUT to be
manipulated. For example, mask 0x03 (0000 0011) indicates that the write value is only valid for
GPIO_OUTI0] and GPIO_OUTT1]. Only the bits in GPIO_OUT, corresponding to the bits with the value of 1
in the “mask”, are updated, that is, updated to the value stored in “value”.

e Write “art” register to the output channel.
Assembly syntax: WUR.GPIO_OUT art
Addressing: register addressing
Function: write the value of the address register “art” to the user register GPIO_OUT. Register “art” is 32
bits wide, and only low 8 bits are valid when using this instruction.

® Read the output channel to “arr” register.
Assembly syntax: RUR.GPIO_OUT arr
Addressing: register addressing
Function: read the value of the user register GPIO_OUT to the address register “arr”. Register “arr” is 32
bits wide, and only low 8 bits are valid when using this instruction.

® Read the input channel to “I” register.
Assembly syntax: GET_GPIO_IN |
Addressing: register addressing
Function: read the value of the user register GPIO_IN, i.e. the gpio_in in Figure 5-4, to the address register
“I”. Register “I” is 32 bits wide, the high 24 bits of which are 0, and low 8 bits of which corresponds to the
value of the user register GPIO_IN.

5.5 Direct I/0 via IO MUX

5.5.1 Overview
Some high-speed signals (SPI and JTAG) can bypass GPIO matrix for better high-frequency digital performance.
In this case, IO MUX is used to connect these pads directly to the peripheral.

This option is less flexible than routing signals via GPIO matrix, as the IO MUX register for each GPIO pad can
only select from a limited number of functions, but high-frequency digital performance can be improved.

5.56.2 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 pad must be set to the required pad function. For the list of pad
functions, please refer to Section 5.11.

2. Set GPIO_SIGn_IN_SEL to low level to route the input directly to the peripheral.

To bypass GPIO matrix for peripheral output signals, |IO_MUX_MCU_SEL for the GPIO pad must be set to the
required pad function. For the list of pad functions, please refer to Section 5.11.

Note:

For peripheral I/0 signals, not all signals can be connected to peripheral via IO MUX. Some specific input signals
and some specific output signals can only be connected to peripheral via GPIO matrix.
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5.6 RTC IO MUX for Low Power and Analog I/0O

5.6.1 Overview

22 GPIO pads have low power capabilities (RTC domain) and analog functions which are handled by the RTC
subsystem of ESP32-S2. |0 MUX and GPIO matrix are not used for these functions, rather, RTC IO MUX is used
to redirect input/output signals to the RTC subsystem.

When configured as RTC GPIOs, the output pads can still retain the output level value when the chip is in
Deep-sleep mode, and the input pads can wake up the chip from Deep-sleep.

Section 5.12 lists the RTC_MUX pins and their functions.

5.6.2 Functional Description

Each pad with analog and RTC functions is controlled by RTCIO_TOUCH_PADn_MUX_SEL bit in register
RTCIO_TOUCH_PADN_REG. By default all bits in these registers are set to 0, routing all input/output signals via
IO MUX.

If RTCIO_TOUCH_PADN_MUX_SEL is set to 1, then input/output signals to and from that pad is routed to the
RTC subsystem. In this mode, RTCIO_TOUCH_PADn_REG is used for digital input/output and the analog
features of the pad are also available.

Please refer to Section 5.12 for the list of RTC pin functions and the mapping table of GPIO pads to their analog
functions. Note that RTCIO_TOUCH_PADn_REG applies the RTC GPIO pin numbering, not the GPIO pad
numbering.

5.7 Pin Functions in Light-sleep

Pins may provide different functions when ESP32-S2 is in Light-sleep mode. If IO_MUX_SLP_SEL in register
IO_MUX_n_REG for a GPIO pad is set to 1, a different set of bits will be used to control the pad when the chip is
in Light-sleep mode.

Table 37: Pin Function Register for IO MUX Light-sleep Mode

Normal Execution Light-sleep Mode

IO MUX Function

OR I0O_MUX_SLP_SEL =0

AND IO_MUX_SLP_SEL = 1

Output Drive Strength

IO_MUX_FUN_DRV

IO_MUX_FUN_DRV

Pullup Resistor

|O_MUX_FUN_WPU

IO_MUX_MCU_WPU

Pulldown Resistor

IO_MUX_FUN_WPD

IO_MUX_MCU_WPD

Output Enable (From GPIO Matrix _OEN field)! IO_MUX_MCU_OE

If IO_MUX_SLP_SEL is set to 0, pin functions remain the same in both normal execution and Light-sleep
mode.

Note:
Please refer to Section 5.3.2 for how to enable output in normal execution (when I0_MUX_SLP_SEL = 0).

5.8 Pad Hold Feature

Each IO pad (including the RTC pads) has an individual hold function controlled by a RTC register. When the pad
is set to hold, the state is latched at that moment and will not change no matter how the internal signals change
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or how the 10 MUX/GPIO configuration is modified. Users can use the hold function for the pads to retain the
pad state through a core reset and system reset triggered by watchdog time-out or Deep-sleep events.

Note:

e For digital pads, to maintain pad input/output status in Deep-sleep mode, users can set RTC_CNTL_DG_PAD_
FORCE_UNHOLD to 0 before powering down. For RTC pads, 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.

e Fordigital pads, 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 pad, users can change the corresponding bit in register
RTC_CNTL_PAD_HOLD_REG to 1.

5.9 1/0O Pad Power Supplies

For more information on the power supply for 10 pads, please refer to Pin Definition in ESP32-S2
Datasheet.

5.9.1 Power Supply Management

Each ESP32-S2 digital pin is connected to one of the four different power domains.
e VDD3P3_RTC_IO: the input power supply for both RTC and CPU
e \VDD3P3_CPU: the input power supply for CPU
e VDD3P3_RTC: the input power supply for RTC analog part
e VDD_SPI: configurable power supply

VDD_SPI can be configured to use an internal LDO. The LDO input is VDD3P3_RTC_IO and the output is 1.8 V. If
the LDO is not enabled, VDD_SPI is connected directly to the same power supply as VDD3P3_RTC_IO.

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-S2 Datasheet sections Power Scheme and Strapping Pins for more

details.

5.10 Peripheral Signal List

Table 38 shows the peripheral input/output signals via GPIO matrix.

Table 38: GPIO Matrix

, Default Same input
Signal : : : : Output enable of output
Input signals value if signal from | Output signals .
No. . signals
unassigned * | 10 MUX core
0 SPIQ_in 0 yes SPIQ_out SPIQ_oe
1 SPID_in 0 yes SPID_out SPID_oe
2 SPIHD_in 0 yes SPIHD_out SPIHD_oe
3 SPIWP_in 0 yes SPIWP_out SPIWP_oe
4 - - - SPICLK _out_mux SPICLK _oe
5 - - - SPICSO_out SPICS0_oe
6 - - - SPICS1_out SPICS1_oe
7 SPID4_in 0 yes SPID4_out SPID4_oe
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: Default Same input
Signal : : : , Output enable of output
N Input signals valt'Je if signal from | Output signals signals
unassigned * | 10 MUX core
8 SPID5_in 0 yes SPID5_out SPID5_oe
9 SPID6_in 0 yes SPID6_out SPID6_oe
10 SPID7_in 0 yes SPID7_out SPID7_oe
11 SPIDQS_in 0 yes SPIDQS_out SPIDQS_oe
14 UORXD_in 0 yes UOTXD_out 1°d1
15 UOCTS_in 0 yes UORTS_out 1'd1
16 UODSR_in 0 no UODTR_out 1°d1
17 U1RXD_in 0 yes U1TXD_out 1’d1
18 U1CTS_in 0 yes U1RTS_out 1°d1
21 U1DSR_in 0 no U1DTR_out 1'd1
23 12S00_BCK_in 0 no 12S00_BCK _out 1'd1
25 12S00_WS_in 0 no 12S00_WS_out 1°d1
27 12S0I_BCK_in 0 no 12S01_BCK _out 1°d1
28 12S0I_WS_in 0 no 12S0I_WS_out 1'd1
29 [2CEXTO_SCL_in 1 no [2CEXTO_SCL _out I2CEXTO_SCL_oe
30 I2CEXTO_SDA._in 1 no I2CEXTO_SDA_out |I2CEXTO_SDA_oe
39 pcnt_sig_ch0_in0 0 no gpio_wlan_prio 1'd1
40 pcnt_sig_ch1_in0 0 no gpio_wlan_active 1’d1
41 pcnt_ctrl_ch0_in0 0 no - 1°d1
42 pcnt_ctrl_ch1_in0 0 no - 1°d1
43 pcnt_sig_chO_in1 0 no - 1d1
44 pent_sig_ch1_in1 0 no - 1'd1
45 pcnt_ctrl_chO_in1 0 no - 1’d1
46 pcnt_ctrl_ch1_in1 0 no - 1°d1
47 pcnt_sig_ch0_in2 0 no - 1'd1
48 pcnt_sig_ch1_in2 0 no - 1°d1
49 pcnt_ctrl_ch0_in2 0 no - 1’d1
50 pcnt_ctrl_ch1_in2 0 no - 1’d1
51 pcnt_sig_ch0_in3 0 no - 1°d1
52 pcnt_sig_ch1_in3 0 no - 1’d1
53 pcnt_ctrl_ch0_in3 0 no - 1°d1
54 pcnt_ctrl_ch1_in3 0 no - 1’d1
64 usb_otg_iddig_in 0 no - 1°d1
65 usb_otg_avalid_in 0 no - 1'd1
66 usb_srp_bvalid_in 0 no usb_otg_idpullup 1’d1
67 usb_otg_vbusvalid_in 0 no usb_otg_dppulldown 1°d1
68 usb_srp_sessend_in 0 no usb_otg_dmpulldown 1'd1
69 - - - usb_otg_drvvbus 1°d1
70 - - - usb_srp_chrgvbus 1'd1
71 - - - usb_srp_dischrgvbus 1’d1
72 SPI3_CLK in 0 no SPI3_CLK_out_mux SPI3_CLK oe
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: Default Same input
Signal : : : , Output enable of output
N Input signals valt'Je if signal from | Output signals signals
unassigned * | 10 MUX core

73 SPI3_Q_in 0 no SPI3_Q_out SPI3_Q_oe
74 SPI3_D_in 0 no SPI3_D_out SPI3_D_oe
75 SPI3_HD_in 0 no SPI3_HD_out SPI3_HD_oce
76 SPI3_CS0_in 0 no SPI3_CS0_out SPI3_CS0_oe
77 - - - SPI3_CS1_out SPI3_CS1_oe
78 - - - SPI3_CS2_out SPI3_CS2_oe
79 - - - ledc_Is_sig_outO 1°d1
80 - - - ledc_lIs_sig_out1 1'd1
81 - - - ledc_Is_sig_out2 1°d1
82 - - - ledc_ls_sig_out3 1'd1
83 rmt_sig_in0 0 no ledc_lIs_sig_out4 1’d1
84 rmt_sig_in1 0 no ledc_Is_sig_outb 1°d1
85 rmt_sig_in2 0 no ledc_ls_sig_out6 1'd1
86 rmt_sig_in3 0 no ledc_Is_sig_out7 1°d1
87 - - - rmt_sig_outO 1'd1
88 - - - rmt_sig_out1 1’d1
89 - - - rmt_sig_out2 1°d1
90 - - - rmt_sig_out3 1’d1
95 I2CEXT1_SCL_in 1 no I2CEXT1_SCL_out I2CEXT1_SCL_oe
96 I2CEXT1_SDA_in 1 no I2CEXT1_SDA_out I2CEXT1_SDA _oe
100 | - - - gpio_sd0_out 1d1
101 - - - gpio_sd1_out 1'd1
102 | - - - gpio_sd2_out 1d1
108 | - - - gpio_sd3_out 1°d1
104 | - - - gpio_sd4_out 1'd1
105 | - - - gpio_sdb_out 1°d1
106 | - - - gpio_sd6_out 1'd1
107 | - - - gpio_sd7_out 1’d1
108 FSPICLK in 0 yes FSPICLK_out_mux FSPICLK _oe
109 | FSPIQ_in 0 yes FSPIQ_out FSPIQ_oe
110 | FSPID_in 0 yes FSPID_out FSPID_oe
111 FSPIHD_in 0 yes FSPIHD_out FSPIHD_oce
112 | FSPIWP_in 0 yes FSPIWP_out FSPIWP_oe
113 | FSPIO4_in 0 yes FSPIIO4_out FSPIIO4_oe
114 | FSPIIO5_in 0 yes FSPIIO5_out FSPIIO5_oe
115 | FSPIO6_in 0 yes FSPIIO6_out FSPIIO6_oe
116 | FSPIO7_in 0 yes FSPIIO7_out FSPIIO7_oe
117 | FSPICSO_in 0 yes FSPICSO_out FSPICSO0_oe
118 | - - - FSPICS1_out FSPICS1_oe
119 | - - - FSPICS2_out FSPICS2_oe
120 | - - - FSPICS3_out FSPICS3_oe
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: Default Same input
Signal : : : , Output enable of output
N Input signals valt'Je if signal from | Output signals signals
unassigned * | 10 MUX core

121 - - - FSPICS4_out FSPICS4 _oe

122 | - - - FSPICS5_out FSPICS5_oe

123 | twai_rx 1 no twai_tx 1'd1

124 | - - - twai_bus_off_on 1’d1

125 | - - - twai_clkout 1'd1

126 | - - - SUBSPICLK _out_mux SUBSPICLK _oe

127 | SUBSPIQ_in 0 yes SUBSPIQ_out SUBSPIQ_oe

128 | SUBSPID_in 0 yes SUBSPID_out SUBSPID_oe

129 | SUBSPIHD_in 0 yes SUBSPIHD_out SUBSPIHD_oe

130 | SUBSPIWP_in 0 yes SUBSPIWP_out SUBSPIWP_oe

131 - - - SUBSPICSO_out SUBSPICSO0_oe

132 | - - - SUBSPICS1_out SUBSPICS1_oe

133 | - - - FSPIDQS_out FSPIDQS_oe

134 | - - - FSPI_HSYNC_out FSPI_HSYNC_oe

135 | - - - FSPI_VSYNC_out FSPI_VSYNC_oe

136 | - - - FSPI_DE_out FSPI_DE_oe

137 | - - - FSPICD_out FSPICD_oe

139 | - - - SPI3_CD_out SPI3_CD_oce

140 | - - - SPI3_DQS_out SPI3_DQS_oe

143 | 12S0I_DATA_inO 0 no 12S00_DATA_outO 1°d1

144 | 12S0I_DATA_in1 0 no 12S00_DATA_out1 1°d1

145 | I2S0I_DATA_in2 0 no 12S00_DATA _out2 1°d1

146 | I2SOI_DATA_in3 0 no 12S00_DATA_out3 1°d1

147 | 12S0I_DATA_in4 0 no 12S00_DATA _out4 1°d1

148 | 12S0I_DATA_in5 0 no 12S00_DATA _outs 1'd1

149 | 12S0I_DATA_in6 0 no 12S00_DATA_out6 1°d1

150 | I2SOI_DATA_in7 0 no 12S00_DATA _out7 1°d1

151 I2S0I_DATA_in8 0 no 12S00_DATA_out8 1’d1

152 | I2S0I_DATA_in9 0 no 12S00_DATA_out9 1°d1

1563 | I2S0I_DATA_in10 0 no 12S00_DATA_out10 1°d1

154 | 12S0I_DATA_in11 0 no 12S00_DATA _out11 1°d1

155 | I2S0I_DATA_in12 0 no 12S00_DATA _out12 1°d1

156 | I2S0I_DATA_in13 0 no 12S00_DATA_out13 1'd1

157 | 12S0I_DATA_in14 0 no 12S00_DATA _out14 1°d1

158 | I2S0I_DATA_in15 0 no 12S00_DATA_out15 1’d1

159 | - - - 12S00_DATA_out16 1’d1

160 | - - - 12S00_DATA _out17 1'd1

161 - - - 12S00_DATA_out18 1°d1

162 | - - - 12S00_DATA _out19 1°d1

163 | - - - 12S00_DATA_out20 1'd1

164 | - - - 12S00_DATA _out21 1°d1
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: Default Same input
Signal : : : , Output enable of output
N Input signals valt'Je if signal from | Output signals signals
unassigned * | 10 MUX core
165 | - - - 12S00_DATA_out22 1°d1
166 | - - - 12S00_DATA_out23 1'd1
167 | SUBSPID4_in 0 yes SUBSPID4_out SUBSPID4_oe
168 | SUBSPID5_in 0 yes SUBSPID5_out SUBSPID5_oe
169 | SUBSPID6_in 0 yes SUBSPID6_out SUBSPID6_oe
170 | SUBSPID7_in 0 yes SUBSPID7_out SUBSPID7_oe
171 SUBSPIDQS_in 0 yes SUBSPIDQS_out SUBSPIDQS_oe
193 | 12S0I_H_SYNC 0 no - 1'd1
194 | 12S0I_V_SYNC 0 no - 1°d1
195 | 12S0I_H_ENABLE 0 no - 1°d1
215 | - - - ant_selO 1’d1
216 | - - - ant_sell 1'd1
217 | - - - ant_sel2 1'd1
218 | - - - ant_sel3 1°d1
219 | - - - ant_sel4 1'd1
220 | - - - ant_selb 1’d1
221 - - - ant_sel6 1'd1
222 | - - - ant_sel7 1’d1
223 | sig_in_func_223 0 no sig_in_func223 1°d1
224 | sig_in_func_224 0 no sig_in_func224 1'd1
225 | sig_in_func_225 0 no sig_in_func225 1d1
226 | sig_in_func_226 0 no sig_in_func226 1'd1
227 sig_in_func_227 0 no sig_in_func227 1°d1
235 | pro_alonegpio_in0 0 no pro_alonegpio_out0 1°d1
236 | pro_alonegpio_in1 0 no pro_alonegpio_out1 1'd1
237 | pro_alonegpio_in2 0 no pro_alonegpio_out2 1°d1
238 | pro_alonegpio_in3 0 no pro_alonegpio_out3 1’d1
239 pro_alonegpio_in4 0 no pro_alonegpio_out4 1’d1
240 | pro_alonegpio_in5 0 no pro_alonegpio_outb 1°d1
241 pro_alonegpio_in6 0 no pro_alonegpio_out6 1’d1
242 | pro_alonegpio_in7 0 no pro_alonegpio_out7 1°d1
251 - - - clk_i2s_mux 1'd1
5.11 10 MUX Pad List
Table 39 shows the 10 MUX functions of each /O pad:
Table 39: 10 MUX Pad List
GPIO| Pad Name Function O Function 1 | Function 2 | Function 3 Function 4 | Reset| Notes
0 GPIO0 GPIO0 GPIO0 - - - 3 R
1 GPIOT GPIOA GPIOT - - - 1 R
2 GPIO2 GPIO2 GPIO2 - - - 1 R
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GPIO| Pad Name Function O Function 1 | Function 2 | Function 3 Function 4 | Reset| Notes
3 GPIOS3 GPIOS3 GPIOS3 - - - 0 R
4 GPIO4 GPIO4 GPIO4 - - - 0 R
5 GPIO5 GPIO5 GPIO5 - - - 0 R
6 GPIO6 GPIO6 GPIO6 - - - 0 R
7 GPIO7 GPIO7 GPIO7 - - - 0 R
8 GPIO8 GPIO8 GPIO8 - SUBSPICST | - 0 R
9 GPIO9 GPIO9 GPIO9 - SUBSPIHD | FSPIHD 1 R
10 GPIO10 GPIO10 GPIO10 FSPIIO4 SUBSPICS0 | FSPICSO 1 R
11 GPIO11 GPIO11 GPIO11 FSPIIO5 SUBSPID FSPID 1 R
12 GPIO12 GPIO12 GPIO12 FSPIIO6 SUBSPICLK | FSPICLK 1 R
13 GPIO13 GPIO13 GPIO13 FSPIIO7 SUBSPIQ FSPIQ 1 R
14 GPIO14 GPIO14 GPIO14 FSPIDQS | SUBSPIWP | FSPIWP 1 R
15 XTAL_32K_P | XTAL_32K_P | GPIO15 UORTS - - 0 R
16 XTAL_32K_N| XTAL_32K_N| GPIO16 UOCTS - - 0 R
17 DAC_1 DAC_1 GPIO17 U1TXD - - 1 R
18 DAC_2 DAC_2 GPIO18 U1RXD CLK_OuUTS | - 3 R
19 GPIO19 GPIO19 GPIO19 U1IRTS CLK_OouT2 | - 0 R
20 GPI020 GPI020 GPI020 U1CTS CLK_OUTt | - 0 R
21 GPIO21 GPIO21 GPIO21 - - - 0 R
26 SPICST SPICST GPI026 - - - 3 -
27 SPIHD SPIHD GPIO27 - - - 3 -
28 SPIWP SPIWP GPIO28 - - - 3 -
29 SPICSO SPICSO GPI029 - - - 3 -
30 SPICLK SPICLK GPIO30 - - - 3 -
31 SPIQ SPIQ GPIO31 - - - 3 -
32 SPID SPID GPIO32 - - 3 -
33 GPIO33 GPIO33 GPIO33 FSPIHD SUBSPIHD | SPIIO4 1 -
34 GPI0O34 GPI034 GPI034 FSPICSO | SUBSPICSO | SPIIO5 1 -
35 GPIO35 GPIO35 GPIO35 FSPID SUBSPID SPIIO6 1 -
36 GPIO36 GPIO36 GPIO36 FSPICLK | SUBSPICLK | SPIIO7 1 -
37 GPIO37 GPIO37 GPIO37 FSPIQ SUBSPIQ SPIDQS 1 -
38 GPIO38 GPIO38 GPIO38 FSPIWP SUBSPIWP | - 1 -
39 MTCK MTCK GPIO39 CLK_OUT3| SUBSPICST | - 1 -
40 MTDO MTDO GPIO40 CLK_OuT2| - - 1 -
41 MTDI MTDI GPIO41 CLK_OUT1| - - 1 -
42 MTMS MTMS GPIO42 - - - 1 -
43 UOTXD UOTXD GPI043 CLK_OUT1| - - 3 -
44 UORXD UORXD GPIO44 CLK_OuT2| - - 3 -
45 GPI045 GPI045 GPIO45 - - - 2 -
46 GPI046 GPIO46 GPIO46 - - - 2

Reset Configurations

“Reset” column shows the default configuration of each pad after reset:
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e 2 - |E=1, WPD=1 (input enabled, pull-down resistor enabled)

0 - IE=0 (input disabled)

1 - IE=1 (input enabled)

e 3-1E=1, WPU=1 (input enabled, pull-up resistor enabled)

Note:

* R - Pad has RTC/analog functions via RTC IO MUX.

¢ | - Pad can only be configured as input GPIO.

Please refer to Appendix A — ESP32-S2 Pin Lists in ESP32-S2 Datasheet for more details.

5.12 RTC IO MUX Pin List

Table 40 shows the RTC pins and how they correspond to GPIO pads.

Table 40: RTC 10 MUX Pin Summary
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Analog Function

RTC GPIO Num | GPIO Num| Pad Name 0 5 3

0 0 TOUCH_PADO! | RTC_GPIOO - sar_i2c_scl_0?
1 1 TOUCH_PAD1 | RTC_GPIOA - sar_i2c_sda_0?
2 2 TOUCH_PAD2 | RTC_GPIO2 - sar_i2c_scl_12
3 3 TOUCH_PAD3 | RTC_GPIOS3 - sar_i2c_sda_1?
4 4 TOUCH_PAD4 | RTC_GPIO4 - -

5 5 TOUCH_PAD5S | RTC_GPIO5 - -

6 6 TOUCH_PAD6 | RTC_GPIO6 - -

7 7 TOUCH_PAD7 | RTC_GPIO7 - -

8 8 TOUCH_PAD8 | RTC_GPIO8 - -

9 9 TOUCH_PAD9 | RTC_GPIO9 - -

10 10 TOUCH_PAD10| RTC_GPIO10 - -

11 11 TOUCH_PAD11| RTC_GPIO11 - -

12 12 TOUCH_PAD12| RTC_GPIO12 - -

13 13 TOUCH_PAD13| RTC_GPIO13 - -

14 14 TOUCH_PAD14 | RTC_GPIO14 - -

15 15 X32P RTC_GPIO15 - -

16 16 X32N RTC_GPIO16 - -

17 17 PDACA RTC_GPIO17 - -

18 18 PDAC2 RTC_GPIO18 - -

19 19 RTC_PAD19 RTC_GPIO19 - -

20 20 RTC_PAD20 RTC_GPIO20 - -

21 21 RTC_PAD21 RTC_GPIO21 - -

Note:
1. TOUCH_PADQ is an internal channel and its analog functions are not lead to a corresponding external GPIO.
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2. For more information on the configuration of sar_i2c_xx, see Section RTC 12C Controller in Chapter 1 ULP Copro-

cessor (ULP).

5.13 Base Address
Users can access GPIO, IO MUX, GPIOSD, Dedicated GPIO, and RTCIO registers with one or two base

address(es), which can be seen in the following table. For more information about accessing peripherals from

different buses please see Chapter 3: System and Memory.

Table 41: GPIO, 10 MUX, GPIOSD, Dedicated GPIO, and RTCIO Base Addresses

Module Access to Access Peripheral Base Address

PeriBUST 0x3F404000
GPIO ,

PeriBUS2 0x60004000

PeriBUST 0x3F409000
IO MUX ,

PeriBUS2 0x60009000
GPIOSD PeriBUS2 0x60004F00
Deicated GPIO PeriBUST O0x3F4CF000

PeriBUST 0x3F408400
RTCIO ,

PeriBUS2 0x60008400

5.14 Register Summary

The address in the following part represents the address offset (relative address) with respect to the peripheral

base address, not the absolute address. For detailed information about the base address, please refer to Section

5.13.

5.14.1 GPIO Matrix Register Summary
Name ‘ Description Address | Access
GPIO Configuration Registers
GPIO_BT_SELECT_REG GPIO bit selection register 0x0000 | R/W
GPIO_OUT_REG GPIOO ~ 31 output register 0x0004 | R/W
GPIO_OUT_WAITS_REG GPIOO ~ 31 output bit set register 0x0008 | WO
GPIO_OUT_WI1TC_REG GPIOO0 ~ 31 output bit clear register 0x000C | WO
GPIO_OUT1_REG GPIO32 ~ 53 output register 0x0010 | R/W
GPIO_OUT1_WA1TS_REG GPIO32 ~ 53 output bit set register 0x0014 | WO
GPIO_OUT1_W1TC_REG GPIO32 ~ 53 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 GPIOO0 ~ 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 ~ 53 output enable register 0x002C | R/'W
GPIO_ENABLE1_WI1TS_REG GPIO32 ~ 53 output enable bit set register 0x0030 | WO
GPIO_ENABLE1_W1TC_REG GPIO32 ~ 53 output enable bit clear register 0x0034 | WO
GPIO_STRAP_REG Bootstrap pin value register 0x0038 | RO
GPIO_IN_REG GPIOO0 ~ 31 input register 0x003C | RO
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Name Description Address | Access
GPIO_IN1_REG GPIO32 ~ 53 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_PIN51_REG Configuration for GPIO pin 51 0x0140 | R/W
GPIO_PIN52_REG Configuration for GPIO pin 52 0x0144 | R/W
GPIO_PIN53_REG Configuration for GPIO pin 53 0x0148 | R/W
GPIO_FUNCO_IN_SEL_CFG_REG Peripheral function O input selection register 0x0154 | R/W
GPIO_FUNC1_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 0x0550 | 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_FUNC51_OUT_SEL_CFG_REG Peripheral output selection for GPIO51 0x0620 | R/W
GPIO_FUNC52_OUT_SEL_CFG_REG Peripheral output selection for GPIO52 0x0624 | R/W
GPIO_FUNC53_OUT_SEL_CFG_REG Peripheral output selection for GPIO53 0x0628 | R/W
GPIO_CLOCK_GATE_REG GPIO clock gating register 0x062C | R/W
Interrupt Configuration Registers
GPIO_STATUS_WA1TS_REG GPIOO ~ 31 interrupt status bit set register 0x0048 | WO
GPIO_STATUS_WA1TC_REG GPIOO0 ~ 31 interrupt status bit clear register 0x004C | WO
GPIO_STATUS1_WI1TS_REG GPIO32 ~ 53 interrupt status bit set register 0x0054 | WO
GPIO_STATUS1_WI1TC_REG GPIO32 ~ 53 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 ~ 53 interrupt source register 0x0150 | RO
Interrupt Status Registers
GPIO_STATUS_REG GPIOO ~ 31 interrupt status register 0x0044 | R/W
GPIO_STATUS1_REG GPIO32 ~ 53 interrupt status register 0x0050 | R/W
GPIO_PCPU_INT_REG GPIO0 ~ 31 PRO_CPU interrupt status register | 0x005C | RO
GPIO_PCPU_NMI_INT_REG GPIO0 ~ 31 PRO_CPU non-maskable interrupt | 0x0060 | RO
status register
GPIO_PCPU_INT1_REG GPIO32 ~ 53 PRO_CPU interrupt status register | 0x0068 | RO
GPIO_PCPU_NMI_INT1_REG GPIO32 ~ 53 PRO_CPU non-maskable interrupt | Ox006C | RO
status register
5.14.2 10 MUX Register Summary
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Name Description Address Access
IO_MUX_PIN_CTRL_REG Clock output configuration register 0x0000 R/W
IO_MUX_GPIO0_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
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 pin XTAL_32K_P 0x0040 R/W
IO_MUX_GPIO16_REG Configuration register for pin XTAL_32K_N 0x0044 R/W
IO_MUX_GPIO17_REG Configuration register for pin DAC_1 0x0048 R/W
IO_MUX_GPIO18_REG Configuration register for pin 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 pin SPICS1 0x006C R/W
IO_MUX_GPIO27_REG Configuration register for pin SPIHD 0x0070 R/W
IO_MUX_GPIO28_REG Configuration register for pin SPIWP 0x0074 R/W
IO_MUX_GPIO29_REG Configuration register for pin SPICSO 0x0078 R/W
IO_MUX_GPIO30_REG Configuration register for pin SPICLK 0x007C R/W
IO_MUX_GPIO31_REG Configuration register for pin SPIQ 0x0080 R/W
IO_MUX_GPIO32_REG Configuration register for pin 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 pin MTCK 0x00AO0 R/W
IO_MUX_GPIO40_REG Configuration register for pin MTDO 0x00A4 R/W
IO_MUX_GPIO41_REG Configuration register for pin MTDI 0x00A8 R/W
IO_MUX_GPIO42_REG Configuration register for pin MTMS 0x00AC R/W
IO_MUX_GPIO43_REG Configuration register for pin UOTXD 0x00B0 R/W
IO_MUX_GPIO44_REG Configuration register for pin UORXD 0x00B4 R/W
IO_MUX_GPIO45_REG Configuration register for pin GPIO45 0x00B8 R/W
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Name Description Address Access
IO_MUX_GPIO46_REG Configuration register for pin GPIO46 0x00BC R/W
5.14.3 Sigma Delta Modulated Output Register Summary
Name ‘ Description Address | Access
Configuration Registers
GPIOSD_SIGMADELTAO_REG Duty-cycle configuration register of SDMO 0x0000 | R/W
GPIOSD_SIGMADELTA1_REG Duty-cycle configuration register of SDM1 0x0004 | R/W
GPIOSD_SIGMADELTA2_REG Duty-cycle configuration register of SDM2 0x0008 | R/W
GPIOSD_SIGMADELTA3_REG Duty-cycle configuration register of SDM3 0x000C | R/W
GPIOSD_SIGMADELTA4_REG Duty-cycle configuration register of SDM4 0x0010 | R/W
GPIOSD_SIGMADELTA5_REG Duty-cycle configuration register of SDM5 0x0014 | R/'W
GPIOSD_SIGMADELTAG_REG Duty-cycle configuration register of SDM6 0x0018 | R/W
GPIOSD_SIGMADELTA7_REG Duty-cycle configuration register of SDM7 0x001C | RW
GPIOSD_SIGMADELTA_CG_REG Clock gating configuration register 0x0020 | R/W
GPIOSD_SIGMADELTA_MISC_REG MISC register 0x0024 | R/W
GPIOSD_SIGMADELTA_VERSION_REG | Version control register 0x0028 | R/W
5.14.4 Dedicated GPIO Register Summary
Name ‘ Description Address | Access
Configuration registers
DEDIC_GPIO_OUT_DRT_REG Dedicated GPIO direct output register 0x0000 | WO
DEDIC_GPIO_OUT_MSK_REG Dedicated GPIO mask output register 0x0004 | WO
DEDIC_GPIO_OUT_IDV_REG Dedicated GPIO individual output register 0x0008 | WO
DEDIC_GPIO_OUT_CPU_REG Dedicated GPIO output mode selection register 0x0010 | R/W
DEDIC_GPIO_IN_DLY_REG Dedicated GPIO input delay configuration register 0x0014 | R/W
DEDIC_GPIO_INTR_RCGN_REG | Dedicated GPIO interrupts generation mode register 0x001C | R/W
Status registers
DEDIC_GPIO_OUT_SCAN_REG | Dedicated GPIO output status register 0x000C | RO
DEDIC_GPIO_IN_SCAN_REG Dedicated GPIO input status register 0x0018 | RO
Interrupt registers
DEDIC_GPIO_INTR_RAW_REG Raw interrupt status 0x0020 | RO
DEDIC_GPIO_INTR_RLS_REG Interrupt enable bits 0x0024 | R/W
DEDIC_GPIO_INTR_ST_REG Masked interrupt status 0x0028 | RO
DEDIC_GPIO_INTR_CLR_REG Interrupt clear bits 0x002C | WO
5.14.5 RTC IO MUX Register Summary
Name ‘ Description Address | Access
GPIO Configuration and Data Registers
RTCIO_RTC_GPIO_OUT_REG RTC GPIO output register 0x0000 | R/W
RTCIO_RTC_GPIO_OUT_W1TS_REG RTC GPIO output bit set register 0x0004 | WO
RTCIO_RTC_GPIO_OUT_WI1TC_REG RTC GPIO output bit clear register 0x0008 | WO
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Name Description Address | Access
RTCIO_RTC_GPIO_ENABLE_REG RTC GPIO output enable register 0x000C | R/W
RTCIO_RTC_GPIO_ENABLE_W1TS_REG| RTC GPIO output enable bit set register 0x0010 | WO
RTCIO_RTC_GPIO_ENABLE_W1TC_REG| RTC GPIO output enable bit clear register 0x0014 | WO
RTCIO_RTC_GPIO_STATUS_REG RTC GPIO interrupt status register 0x0018 | R/'W
RTCIO_RTC_GPIO_STATUS_WA1TS_REG | RTC GPIO interrupt status bit set register 0x001C | WO
RTCIO_RTC_GPIO_STATUS_W1TC_REG | RTC GPIO interrupt status bit clear register 0x0020 | WO
RTCIO_RTC_GPIO_IN_REG RTC GPIO input register 0x0024 | RO
RTCIO_RTC_GPIO_PINO_REG RTC configuration for pin 0 0x0028 | R/W
RTCIO_RTC_GPIO_PIN1_REG RTC configuration for pin 1 0x002C | R/W
RTCIO_RTC_GPIO_PIN2_REG RTC configuration for pin 2 0x0030 | R/W
RTCIO_RTC_GPIO_PIN3_REG RTC configuration for pin 3 0x0034 | R/W
RTCIO_RTC_GPIO_PIN19_REG RTC configuration for pin 19 0x0074 | R/W
RTCIO_RTC_GPIO_PIN20_REG RTC configuration for pin 20 0x0078 | R/W
RTCIO_RTC_GPIO_PIN21_REG RTC configuration for pin 21 0x007C | R/W
GPIO RTC Function Configuration Registers

RTCIO_TOUCH_PADO_REG Touch pad O configuration register 0x0084 | R/W
RTCIO_TOUCH_PAD1_REG Touch pad 1 configuration register 0x0088 | R/W
RTCIO_TOUCH_PAD2_REG Touch pad 2 configuration register 0x008C | R/W
RTCIO_TOUCH_PAD13_REG Touch pad 13 configuration register 0x00B8 | R/W
RTCIO_TOUCH_PAD14_REG Touch pad 14 configuration register 0x00BC | R/'W
RTCIO_XTAL_32P_PAD_REG 32KHz crystal P-pad configuration register 0x00CO | R/W
RTCIO_XTAL_32N_PAD_REG 32KHz crystal N-pad configuration register 0x00C4 | R/W
RTCIO_PAD_DAC1_REG DAC1 configuration register 0x00C8 | R/W
RTCIO_PAD_DAC2_REG DAC2 configuration register 0x00CC | R/W
RTCIO_RTC_PAD19_REG Touch pad 19 configuration register 0x00D0 | R/W
RTCIO_RTC_PAD20_REG Touch pad 20 configuration register 0x00D4 | R/W
RTCIO_RTC_PAD21_REG Touch pad 21 configuration register 0x00D8 | R/W
RTCIO_XTL_EXT_CTR_REG Crystal power down enable GPIO source OxO0EO | R/W
RTCIO_SAR_I2C_IO_REG RTC 12C pad selection Ox00E4 | R/'W

5.15 Registers

The address in the following part represents the address offset (relative address) with respect to the peripheral

base address, not the absolute address. For detailed information about the base address, please refer to Section

5.13.
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

5.15.1 GPIO Matrix Registers

Register 5.1: GPIO_BT_SELECT_REG (0x0000)

‘ 0x000000 \ Reset

GPIO_BT_SEL Reserved (R/W)

Register 5.2: GPIO_OUT_REG (0x0004)

OQ§9
&
\§ 7
&
E ]
‘ 0x000000 \ Reset

GPIO_OUT_DATA_ORIG GPIOO ~ 31 output value in simple GPIO output mode. The values of bitO
~ bit31 correspond to the output value of GPIOO ~ GPIO31 respectively. Bit22 ~ bit25 are invalid.

(R/W)

Register 5.3: GPIO_OUT_W1TS_REG (0x0008)

E ]

‘ 0x000000 \ Reset

GPIO_OUT_WI1TS 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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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.4: 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 5.5: GPIO_OUT1_REG (0x0010)

OQBQ
&
S OS\/
@f &
> T ]
\o 0 000 0 0 0 O o| 0X0000 \Reset

GPIO_OUT1_DATA_ORIG GPIO32 ~ 53 output value in simple GPIO output mode. The values of
bit0 ~ bit13 correspond to GPIO32 ~ GPIO45. Bit14 ~ bit21 are invalid. (R/W)

Register 5.6: 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 ~ 53 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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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.7: 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 ~ 53 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 5.8: GPIO_SDIO_SELECT_REG (0x001C)

?Q}/
S P
& O’
& &
\oooooooooooooooooooooooo 0x0 \Reset
GPIO_SDIO_SEL Reserved (R/W)
Register 5.9: GPIO_ENABLE_REG (0x0020)
O\ssv
\(5//
&
s
‘31 0‘
‘ 0x000000 \ Reset
GPIO_ENABLE_DATA GPIOO0 ~ 31 output enable register. (R/W)
Espressif Systems 181 ESP32-S2 TRM (v1.1)

Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=1.1

5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.10: 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 5.11: 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 5.12: GPIO_ENABLE1_REG (0x002C)

é?
& ’
& &
‘31 22|21 0‘
\o 0000 OO0 OO0 O 0x0000 \Reset
GPIO_ENABLE1_DATA GPIO32 ~ 53 output enable register. (R/W)
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.13: 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 ~ 53 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 5.14: 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 ~ 53 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 5.15: 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: bit4 ~ bit2 correspond to stripping pins GPI045, GPIOO0,
and GPIO46 respectively. (RO)
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.16: GPIO_IN_REG (0x003C)

E 3

‘ 0 ‘ Reset

GPIO_IN_DATA_NEXT GPIOQ ~ 31 input value. Each bit represents a pad input value, 1 for high level
and 0O for low level. (RO)

Register 5.17: 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 ~ 53 input value. Each bit represents a pad input value. (RO)
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.18: GPIO_PIN/_REG (7: 0-53) (0x0074+4%)

\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 Pad 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
(R/W)

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 5.19: GPIO_FUNC/_IN_SEL_CFG_REG (n: 0-255) (0x0154+4*n)

\oooooooooooooooooooooooooo 0x0 \Reset

GPIO_FUNC/_IN_SEL Selection control for peripheral input signal m, selects a pad from the 54 GPIO
matrix pads to connect this input signal. Or selects 0x38 for a constantly high input or Ox3C for a
constantly low input. (R/W)

GPIO_FUNC/_IN_INV_SEL Invert the input value. 1: invert enabled; O: invert disabled. (R/W)

GPIO_SIGn_IN_SEL Bypass GPIO matrix. 1: route signals via GPIO matrix, 0: connect signals di-
rectly to peripheral configured in IO_MUX. (R/W)
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.20: GPIO_FUNC/_OUT_SEL_CFG_REG (: 0-53) (0x0554+4%/)

&
S &
ORI &7
SSEES N
C)\’\/d\/d\/ d\/
& S N
2 OO O
& FES &
‘31 2] 11 10 9 |8 0‘
‘O o o0 o o o o o o o o o o o o o o o0 o0 oj0j0}|O0 0x100 ‘Reset

GPIO_FUNCn_OUT_SEL Selection control for GPIO output n. If a value s (0<=s<256) is
written to this field, the peripheral output signal s will be connected to GPIO output
n. If a value 256 is written to this field, bit n 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_FUNCH_OUT_INV_SEL 0: Do not invert the output value; 1: Invert the output value. (R/W)

GPIO_FUNCnH_OEN_SEL 0: Use output enable signal from peripheral; 1: Force the output enable
signal to be sourced from bit n of GRIO_ENABLE_REG. (R/W)

GPIO_FUNCH_OEN_INV_SEL 0: Do not invert the output enable signal; 1: Invert the output enable
signal. (R/W)

Register 5.21: GPIO_CLOCK_GATE_REG (0x062C)

GPIO_CLK_EN Clock gating enable bit. If set to 1, the clock is free running. (R/W)

Register 5.22: GPIO_STATUS_W1TS_REG (0x0048)

E ]

‘ 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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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.23: 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 5.24: 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 ~ 53 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 5.25: 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 ~ 53 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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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.26: GPIO_STATUS_NEXT_REG (0x014C)

&
%
L/
S
<<§'\Q\
s
O
é\v‘
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 5.27: GPIO_STATUS_NEXT1_REG (0x0150)

&
L/
N
(8?‘
\ &
O A
i <
& &
’31 22|21 0‘
’o 0 0000 0 0 O o| 0x0000 ‘Reset

GPIO_STATUS1_INTERRUPT_NEXT Interrupt source signal of GPIO32 ~ 53. (RO)

Register 5.28: GPIO_STATUS_REG (0x0044)

2N
S
&
o>
o~
&
’ 31 0 ‘
’ 0x000000 \ Reset

GPIO_STATUS_INTERRUPT GPIOQ ~ 31 interrupt status register. (R/W)
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.29: GPIO_STATUS1_REG (0x0050)

A
Q
égo
$
» &
& &°
\o 00 00 O0OO0UOTO 0O 0x0000 \Reset
GPIO_STATUS1_INTERRUPT GPIO32 ~ 53 interrupt status register. (R/W)
Register 5.30: GPIO_PCPU_INT_REG (0x005C)
&
7
O
Y
s
‘31 0‘
‘ 0x000000 \ Reset

GPIO_PROCPU_INT GPIOO ~ 31 PRO_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 5.31: GPIO_PCPU_NMI_INT_REG (0x0060)

E ]

‘ 0x000000 \ Reset

GPIO_PROCPU_NMI_INT GPIOO ~ 31 PRO_CPU non-maskable interrupt status. This interrupt sta-
tus 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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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.32:

I
&
Q?QF\
A

GPIO_PCPU_INT1_REG (0x0068)

$

‘31 22|21

|

\oooooooooo|

0x0000 \ Reset

GPIO_PROCPU1_INT GPIO32 ~ 53 PRO_CPU interrupt status. This interrupt status is correspond-
ing to the bit in GPIO_STATUS1_REG when assert (high) enable signal (bit 13 of GPIO_PINn_REG,).

(RO)

Register 5.33: GPIO_PCPU_NMI_INT1_REG (0x006C)

I
&
Q;%Q?\
\$

&
Q7
@)
O
Q\
O 7/
C;z\

‘ 31 22 |21

|

\oooooooooo

0x0000 \ Reset

GPIO_PROCPU_NMI1_INT GPIO32 ~

53 PRO_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)
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

5.15.2 10 MUX Registers
Register 5.34: I0_MUX_PIN_CTRL_REG (0x0000)

&
Y @ & °
Q?\/ Q’S 4 Q\/ Q\/ Q\/
N N N N
L& & & &
SN & & N
) ~\./ +/ ~\./ -\_/ ~\_/
8 SRS S S S
) A\ \\
@ NI Ol Q7 Q7 Q7
‘31 16|15 14 12|11 8|7 4|3 0‘
\ 0x0 |Ox0| 0x2 | ox0 | ox0 | 0x0 \Reset

I0_MUX_PIN_CTRL_CLK1 Configure 1250 clock output: (R/W)
e 0: output 1250 clock to CLK_OUTT.

e 15: disabled.
I0_MUX_PIN_CTRL_CLK2 Configure 12S0 clock output: (R/W)

e (O: output 12S0 clock to CLK_OUT2.

¢ 15: disabled.
I0_MUX_PIN_CTRL_CLK3 Configure 12S0 clock output: (R/W)

e 0: output 1250 clock to CLK_OUTS.

e 15: disabled.

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 Pad List.

I0_MUX_SWITCH_PRT_NUM 10 pin power switch delay, delay unit is one APB clock. (R/W)

1I0_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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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.35: I0_MUX_n_REG (1: GPIO0-GPIO21, GP1026-GP1046) (0x0004+4*)

3’6 & S o \$‘20\$‘20 & & QQ@’ &
AN RS NSNS
&P STISSE . PPELEYE
S & FFE S S
& N P PP S PPN
@ X R R AR 2 R RN R S 2N RS RR e X

8 716 5

‘31 16|15 14 12|11 10|9

|
\o 0 000 0O0OO0OGOTO OGO OGO OGO OO0 O O|O><O| 0x0 |Ox2 |o|o|o| 00 |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_FUN_WPD Pull-down enable of the pin. 1: Pull-down enabled; 0: Pull-down disabled.
RW)

I0_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)

I0O_MUX_FUN_DRV Select the drive strength of the pin. 0: ~5 mA: 1: ~10 mA: 2: ~20 mA; 3: ~40
mA. (R/W)

I0O_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)
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

5.15.3 Sigma Delta Modulated Output Registers

Register 5.36: GPIOSD_SIGMADELTA/n_REG (n: 0-7) (0x0000+4*)

<
%
5
&
< S
%Q\'\/ %<§\/
S &’ Y
@ © &
‘31 16 | 15 8|7 0‘
\oooooooooooooooo oxff 0x0 \Reset

GPIOSD_SDn_IN This field is used to configure the duty cycle of sigma delta modulation output.
R/W)

GPIOSD_SDn_PRESCALE This field is used to set a divider value to divide APB clock. (R/W)

Register 5.37: GPIOSD_SIGMADELTA_CG_REG (0x0020)

GPIOSD_CLK_EN Clock enable bit of configuration registers for sigma delta modulation. (R/W)

Register 5.38: GPIOSD_SIGMADELTA_MISC_REG (0x0024)

2
\\/L_/
O
«*@/\\O%
<€
Q\ 7/ 0%
Q707 ')
S 5
& K @

GPIOSD_FUNCTION_CLK_EN Clock enable bit of sigma delta modulation. (R/W)

GPIOSD_SPI_SWAP Reserved. (R/W)
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.39: GPIOSD_SIGMADELTA_VERSION_REG (0x0028)

&
&
é) 7/
7/
62\0
@b\ 7
S &
2 N
N &
‘ 31 28 | 27 0 ‘
\ 0 0 0 O 0x1802260 \Reset

GPIOSD_GPIO_SD_DATE Version control register. (R/W)

5.15.4 Dedicated GPIO Registers

Register 5.40: DEDIC_GPIO_OUT_DRT_REG (0x0000)

NS
~
N
i
o
S &
%Q’é Q\O/
NS Q(‘/
\31 s|7 o\
\oooooooooooooooooooooooo| 0x0 \Reset
DEDIC_GPIO_OUT_DRT_VLAUE This register is used to configure direct output value of 8-channel
dedicated GPIO. (WO)
Register 5.41: DEDIC_GPIO_OUT_MSK_REG (0x0004)
N
o N
K7 A 7
o> o>
& Qé?\ Oc§2\
ﬂég@ QQQ\ QQ/Q\
\oooooooooooooooo 0x0 0x0 \Reset
DEDIC_GPIO_OUT_VALUE This register is used to configure updated output value of 8-channel ded-
icated GPIO. (WO)
DEDIC_GPIO_OUT_MSK This register is used to configure channels which would be updated. 1:
corresponding channel’s output would be updated. (WO)
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.42: DEDIC_GPIO_OUT_IDV_REG (0x0008)

\ooooooooooooooooom ox0 | ox0 | ox0 | ox0 | ox0 | ox0 om\Reset

DEDIC_GPIO_OUT_IDV_CHO Configure channel O output value. 0: hold output value. 1: set output
value. 2: clear output value. 3: inverse output value. (WO)

DEDIC_GPIO_OUT_IDV_CH1 Configure channel 1 output value. 0: hold output value. 1: set output
value. 2: clear output value. 3: inverse output value. (WO)

DEDIC_GPIO_OUT_IDV_CH2 Configure channel 2 output value. 0: hold output value. 1: set output
value. 2: clear output value. 3: inverse output value. (WO)

DEDIC_GPIO_OUT_IDV_CH3 Configure channel 3 output value. 0: hold output value. 1: set output
value. 2: clear output value. 3: inverse output value. (WO)

DEDIC_GPIO_OUT_IDV_CH4 Configure channel 4 output value. O: hold output value. 1: set output
value. 2: clear output value. 3: inverse output value. (WO)

DEDIC_GPIO_OUT_IDV_CH5 Configure channel 5 output value. O: hold output value. 1: set output
value. 2: clear output value. 3: inverse output value. (WO)

DEDIC_GPIO_OUT_IDV_CH6 Configure channel 6 output value. 0: hold output value. 1: set output
value. 2: clear output value. 3: inverse output value. (WO)

DEDIC_GPIO_OUT_IDV_CH7 Configure channel 7 output value. 0: hold output value. 1: set output
value. 2: clear output value. 3: inverse output value. (WO)
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.43: DEDIC_GPIO_OUT_CPU_REG (0x0010)

(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
o

Reset

DEDIC_GPIO_OUT_CPU_SELO Select GPIO out value configured by registers or CPU instructions
for channel 0. 0: Configured by registers. 1: Configured by CPU instructions. (R/W)

DEDIC_GPIO_OUT_CPU_SEL1 Select GPIO out value configured by registers or CPU instructions
for channel 1. 0: Configured by registers. 1: Configured by CPU instructions. (R/W)

DEDIC_GPIO_OUT_CPU_SEL2 Select GPIO out value configured by registers or CPU instructions
for channel 2. 0: Configured by registers. 1: Configured by CPU instructions. (R/W)

DEDIC_GPIO_OUT_CPU_SEL3 Select GPIO out value configured by registers or CPU instructions
for channel 3. 0: Configured by registers. 1: Configured by CPU instructions. (R/W)

DEDIC_GPIO_OUT_CPU_SEL4 Select GPIO out value configured by registers or CPU instructions
for channel 4. 0: Configured by registers. 1: Configured by CPU instructions. (R/W)

DEDIC_GPIO_OUT_CPU_SEL5 Select GPIO out value configured by registers or CPU instructions
for channel 5. 0: Configured by registers. 1: Configured by CPU instructions. (R/W)

DEDIC_GPIO_OUT_CPU_SEL6 Select GPIO out value configured by registers or CPU instructions
for channel 6. 0: Configured by registers. 1: Configured by CPU instructions. (R/W)

DEDIC_GPIO_OUT_CPU_SEL7 Select GPIO out value configured by registers or CPU instructions
for channel 7. 0: Configured by registers. 1: Configured by CPU instructions. (R/W)
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.44: DEDIC_GPIO_IN_DLY_REG (0x0014)

A ©
S S ST S SH LS SR
\\/\/ \\/\/ \7\/ \7\/ \7\/ \7\/ \7\/ \;\/
Q Q Q Q Q Q
S S IS S NS NS S M
é"’& O§§\ 0532\ O/Q\ O/Q\ O’Q\ O’Q\ O/Q\ C)/Q\
-l - -
‘31 16 | 15 14 | 13 12|11 10|9 8|7 6|5 413 2|1 0‘
\ooooooooooooooooom 0x0 | 0x0 | Ox0 | O0x0 | Ox0 | Ox0 mo\Reset

DEDIC_GPIO_IN_DLY_CHO Configure GPIOO input delay. 0: no delay. 1: one clock delay. 2: two
clock delay. 3: three clock delay. (R/W)

DEDIC_GPIO_IN_DLY_CH1 Configure GPIO1 input delay. 0: no delay. 1: one clock delay. 2: two
clock delay. 3: three clock delay. (R/W)

DEDIC_GPIO_IN_DLY_CH2 Configure GPIO2 input delay. 0: no delay. 1: one clock delay. 2: two
clock delay. 3: three clock delay. (R/W)

DEDIC_GPIO_IN_DLY_CH3 Configure GPIO3 input delay. 0: no delay. 1: one clock delay. 2: two
clock delay. 3: three clock delay. (R/W)

DEDIC_GPIO_IN_DLY_CH4 Configure GPIO4 input delay. 0: no delay. 1: one clock delay. 2: two
clock delay. 3: three clock delay. (R/W)

DEDIC_GPIO_IN_DLY_CH5 Configure GPIO5 input delay. 0: no delay. 1: one clock delay. 2: two
clock delay. 3: three clock delay. (R/W)

DEDIC_GPIO_IN_DLY_CH6 Configure GPIO6 input delay. 0: no delay. 1: one clock delay. 2: two
clock delay. 3: three clock delay. (R/W)

DEDIC_GPIO_IN_DLY_CH7 Configure GPIO7 input delay. 0: no delay. 1: one clock delay. 2: two

clock delay. 3: three clock delay. (R/W)
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.45: DEDIC_GPIO_INTR_RCGN_REG (0x001C)

Espressif Systems

DEDIC_GPIO_INTR_MODE_CHO Configure channel O interrupt generate mode. 0/1:

erate interrupt. 2: low level trigger. 3: high level trigger. 4: falling edge trigger. 5:
trigger. 6/7: falling and raising edge trigger. (R/W)

DEDIC_GPIO_INTR_MODE_CH1 Configure channel 1 interrupt generate mode. 0/1:

erate interrupt. 2: low level trigger. 3: high level trigger. 4: falling edge trigger. 5:
trigger. 6/7: falling and raising edge trigger. (R/W)

DEDIC_GPIO_INTR_MODE_CH2 Configure channel 2 interrupt generate mode. 0/1:

erate interrupt. 2: low level trigger. 3: high level trigger. 4: falling edge trigger. 5:
trigger. 6/7: falling and raising edge trigger. (R/W)

DEDIC_GPIO_INTR_MODE_CH3 Configure channel 3 interrupt generate mode. 0/1:

erate interrupt. 2: low level trigger. 3: high level trigger. 4: falling edge trigger. 5:
trigger. 6/7: falling and raising edge trigger. (R/W)

DEDIC_GPIO_INTR_MODE_CH4 Configure channel 4 interrupt generate mode. 0/1:

erate interrupt. 2: low level trigger. 3: high level trigger. 4: falling edge trigger. 5:
trigger. 6/7: falling and raising edge trigger. (R/W)

DEDIC_GPIO_INTR_MODE_CH5 Configure channel 5 interrupt generate mode. 0/1:
erate interrupt. 2: low level trigger. 3: high level trigger. 4: falling edge trigger. 5:
trigger. 6/7: falling and raising edge trigger. (R/W)

DEDIC_GPIO_INTR_MODE_CH6 Configure channel 6 interrupt generate mode. 0/1:
erate interrupt. 2: low level trigger. 3: high level trigger. 4: falling edge trigger. 5:
trigger. 6/7: falling and raising edge trigger. (R/W)

DEDIC_GPIO_INTR_MODE_CH7 Configure channel 7 interrupt generate mode. 0/1:
erate interrupt. 2: low level trigger. 3: high level trigger. 4: falling edge trigger. 5:
trigger. 6/7: falling and raising edge trigger. (R/W)
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.46: DEDIC_GPIO_OUT_SCAN_REG (0x000C)

\)%
&
)
\s&/
0P
5 &
®é® \Q/
& &
£ Q
B o[ |
‘OOOOOOOOOOOOOOOOOOOOOOOO 0x0 ‘Reset

DEDIC_GPIO_OUT_STATUS GPIO output value configured by DEDIC_GPIO_OUT_DRT_REG,
DEDIC_GPIO_OUT_MSK_REG, and DEDIC_GPIO_OUT_IDV_REG. (RO)

Register 5.47: DEDIC_GPIO_IN_SCAN_REG (0x0018)

)
N
&
O\e/
7
&
» g
%Q‘c\ Q\O
& %
£ Q
‘31 8|7 0‘
\oooooooooooooooooooooooo 0x0 \Reset

DEDIC_GPIO_IN_STATUS GPIO input value after configured by DEDIC_GPIO_IN_DLY_REG. (RO)
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.48: DEDIC_GPIO_INTR_RAW_REG (0x0020)

DEDIC_GPIOO_INT_RAW This interrupt raw bit turns to high level when dedicated GPIOO has
level/edge change configured by DEDIC_GPIO_INTR_RCGN_REG. (RO)

DEDIC_GPIO1_INT_RAW This interrupt raw bit turns to high level when dedicated GPIO1 has
level/edge change configured by DEDIC_GPIO_INTR_RCGN_REG. (RO)

DEDIC_GPIO2_INT_RAW This interrupt raw bit turns to high level when dedicated GPIO2 has
level/edge change configured by DEDIC_GPIO_INTR_RCGN_REG. (RO)

DEDIC_GPIO3_INT_RAW This interrupt raw bit turns to high level when dedicated GPIO3 has
level/edge change configured by DEDIC_GPIO_INTR_RCGN_REG. (RO)

DEDIC_GPIO4_INT_RAW This interrupt raw bit turns to high level when dedicated GPIO4 has
level/edge change configured by DEDIC_GPIO_INTR_RCGN_REG. (RO)

DEDIC_GPIO5_INT_RAW This interrupt raw bit turns to high level when dedicated GPIO5 has
level/edge change configured by DEDIC_GPIO_INTR_RCGN_REG. (RO)

DEDIC_GPIO6_INT_RAW This interrupt raw bit turns to high level when dedicated GPIO6 has
level/edge change configured by DEDIC_GPIO_INTR_RCGN_REG. (RO)

DEDIC_GPIO7_INT_RAW This interrupt raw bit turns to high level when dedicated GPIO7 has
level/edge change configured by DEDIC_GPIO_INTR_RCGN_REG. (RO)
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.49: DEDIC_GPIO_INTR_RLS_REG (0x0024)

((/%V‘ ((/%V‘ ((/%V‘ ((/%V‘ @V‘ @?‘ @?‘ e?‘
SIS

A7 0707 W57 Q7N Q7
e e e gie i el N
N7 N7 N7 N7 N7 N7 N ON
eq’& Og?QOg?QO/QO/QOSg 93209;20(;2
@ SO O NSO OO
& PP
6 2

B o felefe]o]

DEDIC_GPIOO_INT_ENA The enable bit for DEDIC_GPIOO_INT_ST register. (R/W)
DEDIC_GPIO1_INT_ENA The enable bit for DEDIC_GPIO1_INT_ST register. (R/W)
DEDIC_GPIO2_INT_ENA The enable bit for DEDIC_GPIO2_INT_ST register. (R/W)
DEDIC_GPIO3_INT_ENA The enable bit for DEDIC_GPIO3_INT_ST register. (R/W)
DEDIC_GPIO4_INT_ENA The enable bit for DEDIC_GPIO4_INT_ST register. (R/W)
DEDIC_GPIO5_INT_ENA The enable bit for DEDIC_GPIO5_INT_ST register. (R/W)
DEDIC_GPIO6_INT_ENA The enable bit for DEDIC_GPIO6_INT_ST register. (R/W)

DEDIC_GPIO7_INT_ENA The enable bit for DEDIC_GPIO7_INT_ST register. (R/W)
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.50: DEDIC_GPIO_INTR_ST_REG (0x0028)

S FSEEXS S K K
g OO OO MO0 007
P QSO
& FFFFF S
‘31 8| 7 6 5 4 3 2 1 0

DEDIC_GPIOO_INT_ST This is the status bit for DEDIC_GPIOO_INT_RAW  when
DEDIC_GPIOO_INT_ENA is set to 1. (RO)

DEDIC_GPIO1_INT_ST This is the status bit for DEDIC_GPIO1_INT_RAW  when
DEDIC_GPIO1_INT_ENAis set to 1. (RO)

DEDIC_GPIO2_INT_ST This is the status Dbit for DEDIC_GPIO2_INT_RAW  when
DEDIC_GPIO2_INT_ENAis set to 1. (RO)

DEDIC_GPIO3_INT_ST This is the status bit for DEDIC_GPIO3_INT_RAW  when
DEDIC_GPIO3_INT_ENA is set to 1. (RO)

DEDIC_GPIO4_INT_ST This is the status bit for DEDIC_GPIO4_INT_RAW  when
DEDIC_GPIO4_INT_ENAis set to 1. (RO)

DEDIC_GPIO5_INT_ST This is the status bit for DEDIC_GPIO5_INT_RAW  when
DEDIC_GPIO5_INT_ENAis set to 1. (RO)

DEDIC_GPIO6_INT_ST This is the status bit for DEDIC_GPIOG_INT_RAW  when
DEDIC_GPIO6_INT_ENAis set to 1. (RO)

DEDIC_GPIO7_INT_ST This is the status bit for DEDIC_GPIO7_INT_RAW  when
DEDIC_GPIO7_INT_ENAis set to 1. (RO)
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.51: DEDIC_GPIO_INTR_CLR_REG (0x002C)

DEDIC_GPIOO_INT_CLR Set this bit to clear the DEDIC_GPIOO_INT_RAW interrupt. (WO)
DEDIC_GPIO1_INT_CLR Set this bit to clear the DEDIC_GPIO1_INT_RAW interrupt. (WO)
DEDIC_GPIO2_INT_CLR Set this bit to clear the DEDIC_GPIO2_INT_RAW interrupt. (WO)
DEDIC_GPIO3_INT_CLR Set this bit to clear the DEDIC_GPIO3_INT_RAW interrupt. (WO)
DEDIC_GPIO4_INT_CLR Set this bit to clear the DEDIC_GPIO4_INT_RAW interrupt. (WO)
DEDIC_GPIO5_INT_CLR Set this bit to clear the DEDIC_GPIO5_INT_RAW interrupt. (WO)
DEDIC_GPIO6_INT_CLR Set this bit to clear the DEDIC_GPIO6_INT_RAW interrupt. (WO)

DEDIC_GPIO7_INT_CLR Set this bit to clear the DEDIC_GPIO7_INT_RAW interrupt. (WO)

5.15.5 RTC IO MUX Registers

Register 5.52: RTCIO_RTC_GPIO_OUT_REG (0x0000)

?\
&«
L7
o
N
/\Q\O S
& NS
‘31 109 0‘
\ 0 oooooooooo\Reset

RTCIO_GPIO_OUT_DATA GPIOO ~ 21 output register. Bit10 corresponds to GPIOQ, bit11 corre-
sponds to GPIO1, etc. (R/W)
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.53: RTCIO_RTC_GPIO_OUT_W1TS_REG (0x0004)
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RTCIO_GPIO_OUT_DATA_W1TS GPIOQO ~ 21 output set register. If the value 1 is written to a bit here,
the corresponding bit in RTCIO_RTC_GPIO_OUT_REG will be set to 1. Recommended operation:
use this register to set RTCIO_RTC_GPIO_OUT_REG. (WO)

Register 5.54: RTCIO_RTC_GPIO_OUT_W1TC_REG (0x0008)
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RTCIO_GPIO_OUT_DATA_W1TC GPIOO ~ 21 output clear register. If the value 1 is written to a
bit here, the corresponding bit in RTCIO_RTC_GPIO_OUT_REG will be cleared. Recommended
operation: use this register to clear RTCIO_RTC_GPIO_OUT_REG. (WO)

Register 5.55: RTCIO_RTC_GPIO_ENABLE_REG (0x000C)
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RTCIO_GPIO_ENABLE GPIO0 ~ 21 output enable. Bit10 corresponds to GPIOO, bit11 corresponds
to GPIO1, etc. If the bit is set to 1, it means this GPIO pad is output. (R/W)

Espressif Systems 204 ESP32-S2 TRM (v1.1)
Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=1.1

5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.56: RTCIO_RTC_GPIO_ENABLE_W1TS_REG (0x0010)
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RTCIO_GPIO_ENABLE_W1TS GPIOO ~ 21 output enable set register. If the value 1 is written to a bit
here, the corresponding bit in RTCIO_RTC_GPIO_ENABLE_REG will be set to 1. Recommended
operation: use this register to set RTCIO_RTC_GPIO_ENABLE_REG. (WO)

Register 5.57: RTCIO_RTC_GPIO_ENABLE_W1TC_REG (0x0014)
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RTCIO_GPIO_ENABLE_W1TC GPIOO ~ 21 output enable clear register. If the value 1 is written to
a bit here, the corresponding bit in RTCIO_RTC_GPIO_ENABLE_REG will be cleared. Recom-
mended operation: use this register to clear RTCIO_RTC_GPIO_ENABLE_REG. (WO)

Register 5.58: RTCIO_RTC_GPIO_STATUS_REG (0x0018)
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RTCIO_GPIO_STATUS_INT GPIOO ~ 21 interrupt status register. Bit10 corresponds to GPIOO,
bit11 corresponds to GPIO1, etc. This register should be used together with RT-
CIO_RTC_GPIO_PINA_INT_TYPE in RTCIO_RTC_GPIO_PINn_REG. 0: no interrupt; 1: corre-
sponding interrupt. (R/W)
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.59: RTCIO_RTC_GPIO_STATUS_W1TS_REG (0x001C)
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RTCIO_GPIO_STATUS_INT_W1TS GPIOO ~ 21 interrupt set register. If the value 1 is written to a
bit here, the corresponding bit in RTCIO_GPIO_STATUS_INT will be set to 1. Recommended
operation: use this register to set RTCIO_GPIO_STATUS_INT. (WQO)

Register 5.60: RTCIO_RTC_GPIO_STATUS_W1TC_REG (0x0020)
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RTCIO_GPIO_STATUS_INT_W1TC GPIOO ~ 21 interrupt clear register. If the value 1 is written to
a bit here, the corresponding bit in RTCIO_GPIO_STATUS_INT will be cleared. Recommended
operation: use this register to clear RTCIO_GPIO_STATUS_INT. (WO)

Register 5.61: RTCIO_RTC_GPIO_IN_REG (0x0024)
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RTCIO_GPIO_IN_NEXT GPIOO ~ 21 input value. Bit10 corresponds to GPIOO, bit11 corresponds to
GPIO1, etc. Each bit represents a pad input value, 1 for high level, and 0O for low level. (RO)
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.62: RTCIO_RTC_GPIO_PIN/_REG (1: 0-21) (0x0028+4%)
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SR &
Q@Q/ \$<\/ Q\%\\/
Qo7 407 Qo7
SQ]& O/Q\ O/Q\ GQJ& O(/}Q\ GQJ&
& & & & &
\oooooooooooooooooooooo oooooooo\Reset
RTCIO_GPIO_PINn_PAD_DRIVER Pad driver selection. 0: normal output; 1: open drain. (R/W)
RTCIO_GPIO_PINA_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.
RW)
RTCIO_GPIO_PINn_WAKEUP_ENABLE GPIO wake-up enable. This will only wake up ESP32-S2
from Light-sleep. (R/W)
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.63: RTCIO_TOUCH_PAD/_REG (1: 0-14) (0x0084-+4*")
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RTCIO_TOUCH_PAD_FUNL_IE Input enable in normal execution. (R/W)
RTCIO_TOUCH_PADn_SLP_OE Output enable in sleep mode. (R/W)
RTCIO_TOUCH_PAD_SLP_IE Input enable in sleep mode. (R/W)
RTCIO_TOUCH_PADN_SLP_SEL 0: no sleep mode; 1: enable sleep mode. (R/W)
RTCIO_TOUCH_PADn_FUN_SEL Function selection. (R/W)

RTCIO_TOUCH_PADn_MUX_SEL Connect the RTC pad input to digital pad input. O is available.
R/W)

RTCIO_TOUCH_PADn_XPD Touch sensor power on. (R/W)
RTCIO_TOUCH_PADN_TIE_OPT The tie option of touch sensor. 0: tie low; 1: tie high. (R/W)
RTCIO_TOUCH_PADN_START Start touch sensor. (R/W)

RTCIO_TOUCH_PADn_DAC Touch sensor slope control. 3-bit for each touch pad, defaults to Ox4.
R/W)

RTCIO_TOUCH_PAD_RUE Pull-up enable of the pad. 1: internal pull-up enabled, O: internal pull-up
disabled. (R/W)

RTCIO_TOUCH_PADn_RDE Pull-down enable of the pad. 1: internal pull-down enabled; O: internal
pull-down disabled. (R/W)

RTCIO_TOUCH_PADn_DRV Select the drive strength of the pad. 0: ~5 mA: 1: ~10 mA: 2: ~20 mA;
3: ~40 mA. (R/W)
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.64: RTCIO_XTAL_32P_PAD_REG (0x00CO0)

Q R /R R’ R7 R R’ R/ 7
@b\ ~\1§/ oSV +% Q)& W VSV SV SV Q)&
XS Yol & P PO &
& & & g & & &S &

RTCIO_X32P_FUN_IE Input enable in normal execution. (R/W)
RTCIO_X32P_SLP_OE Output enable in sleep mode. (R/W)
RTCIO_X32P_SLP_IE Input enable in sleep mode. (R/W)
RTCIO_X32P_SLP_SEL 1: enable sleep mode; 0: no sleep mode (R/W)
RTCIO_X32P_FUN_SEL Function selection (R/W)
RTCIO_X32P_MUX_SEL 1: use RTC GPIO, 0: use digital GPIO (R/W)

RTCIO_X32P_RUE Pull-up enable of the pad. 1: internal pull-up enabled; O: internal pull-up disabled.

R/W)
RTCIO_X32P_RDE Pull-down enable of the pad. 1: internal pull-down enabled; O: internal pull-down
disabled. (R/W)
RTCIO_X32P_DRV Select the drive strength of the pad. 0: ~5 mA: 1: ~10 mA: 2: ~20 mA; 3: ~40
mA. (R/W)
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.65: RTCIO_XTAL_32N_PAD_REG (0x00C4)
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RTCIO_X32N_FUN_IE Input enable in normal execution. (R/W)
RTCIO_X32N_SLP_OE Output enable in sleep mode. (R/W)
RTCIO_X32N_SLP_IE Input enable in sleep mode. (R/W)
RTCIO_X32N_SLP_SEL 1: enable sleep mode; 0: no sleep mode (R/W)
RTCIO_X32N_FUN_SEL Function selection (R/W)
RTCIO_X32N_MUX_SEL 1: use RTC GPIO, 0O: use digital GPIO (R/W)

RTCIO_X32N_RUE Pull-up enable of the pad. 1: internal pull-up enabled; O: internal pull-up disabled.

R/W)
RTCIO_X32N_RDE Pull-down enable of the pad. 1: internal pull-down enabled; O: internal pull-down
disabled. (R/W)
RTCIO_X32N_DRV Select drive strength of the pad. 0: ~5 mA; 1: ~10 mA; 2: ~20 mA; 3: ~40 mA.
RW)
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.66: RTCIO_PAD_DAC1_REG (0x00C8)
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RTCIO_PDAC1_DAC Configure DAC_1 output when RTCIO_PDAC1_DAC_XPD_FORCE is set to 1.
(R/W)

RTCIO_PDAC1_XPD_DAC When RTCIO_PDAC1_DAC_XPD_FORCE is set to 1, 1: enable DAC_1
output; 0: disable DAC_1 output. (R/W)

RTCIO_PDAC1_DAC_XPD_FORCE 1: use RTCIO_PDAC1_XPD_DAC to control DAC_1 output; 0:
use SAR ADC FSM to control DAC_1 output. (R/W)

RTCIO_PDAC1_FUN_IE Input enable in normal execution. (R/W)
RTCIO_PDAC1_SLP_OE Output enable in sleep mode. (R/W)
RTCIO_PDAC1_SLP_IE Input enable in sleep mode. (R/W)
RTCIO_PDAC1_SLP_SEL 1: enable sleep mode; 0: no sleep mode. (R/W)
RTCIO_PDAC1_FUN_SEL DAC_1 function selection. (R/W)
RTCIO_PDAC1_MUX_SEL 1: use RTC GPIO, 0: use digital GPIO (R/W)

RTCIO_PDAC1_RUE Pull-up enable of the pad. 1: internal pull-up enabled, O: internal pull-up dis-
abled. (R/W)

RTCIO_PDAC1_RDE Pull-down enable of the pad. 1: internal pull-down enabled; O: internal pull-
down disabled. (R/W)

RTCIO_PDAC1_DRV Select drive strength of the pad. 0: ~5 mA; 1: ~10 mA; 2: ~20 mA; 3: ~40
mA. (R/W)
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.67: RTCIO_PAD_DAC2_REG (0x00CC)
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RTCIO_PDAC2_DAC Configure DAC_2 output when RTCIO_PDAC2_DAC_XPD_FORCE is set to 1.
(R/W)

RTCIO_PDAC2_XPD_DAC When RTCIO_PDAC2_DAC_XPD_FORCE is set to 1, 1: enable DAC_2
output; 0: disable DAC_2 output. (R/W)

RTCIO_PDAC2_DAC_XPD_FORCE 1: use RTCIO_PDAC2_XPD_DAC to control DAC_2 output; 0:
use SAR ADC FSM to control DAC_2 output. (R/W)

RTCIO_PDAC2_FUN_IE Input enable in normal execution. (R/W)
RTCIO_PDAC2_SLP_OE Output enable in sleep mode. (R/W)
RTCIO_PDAC2_SLP_IE Input enable in sleep mode. (R/W)
RTCIO_PDAC2_SLP_SEL 1: enable sleep mode; 0: no sleep mode (R/W)
RTCIO_PDAC2_FUN_SEL DAC_2 function selection. (R/W)
RTCIO_PDAC2_MUX_SEL 1: use RTC GPIO, 0O: use digital GPIO. (R/W)

RTCIO_PDAC2_RUE Pull-up enable of the pad. 1: internal pull-up enabled, O: internal pull-up dis-
abled. (R/W)

RTCIO_PDAC2_RDE Pull-down enable of the pad. 1: internal pull-down enabled; O: internal pull-
down disabled. (R/W)

RTCIO_PDAC2_DRV Select drive strength of the pad. 0: ~5 mA; 1: ~10 mA; 2: ~20 mA; 3: ~40
mA. (R/W)
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.68: RTCIO_RTC_PAD19_REG (0x00D0)
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RTCIO_RTC_PAD19_FUN_IE Input enable in normal execution. (R/W)
RTCIO_RTC_PAD19_SLP_OE Output enable in sleep mode. (R/W)
RTCIO_RTC_PAD19_SLP_IE Input enable in sleep mode. (R/W)
RTCIO_RTC_PAD19_SLP_SEL 1: enable sleep mode; O: no sleep mode. (R/W)
RTCIO_RTC_PAD19_FUN_SEL Function selection (R/W)
RTCIO_RTC_PAD19_MUX_SEL 1: use RTC GPIO, 0: use digital GPIO (R/W)

RTCIO_RTC_PAD19_RUE Pull-up enable of the pad. 1: internal pull-up enabled, O: internal pull-up
disabled. (R/W)

RTCIO_RTC_PAD19_RDE Pull-down enable of the pad. 1: internal pull-down enabled; O: internal
pull-down disabled. (R/W)

RTCIO_RTC_PAD19_DRV Select drive strength of the pad. 0: ~5 mA; 1: ~10 mA; 2: ~20 mA,; 3:
~40 mA. (R/W)
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.69: RTCIO_RTC_PAD20_REG (0x00D4)
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RTCIO_RTC_PAD20_FUN_IE Input enable in normal execution. (R/W)
RTCIO_RTC_PAD20_SLP_OE Output enable in sleep mode. (R/W)
RTCIO_RTC_PAD20_SLP_IE Input enable in sleep mode. (R/W)
RTCIO_RTC_PAD20_SLP_SEL 1: enable sleep mode; O: no sleep mode. (R/W)
RTCIO_RTC_PAD20_FUN_SEL Function selection. (R/W)
RTCIO_RTC_PAD20_MUX_SEL 1: use RTC GPIO, 0O: use digital GPIO. (R/W)

RTCIO_RTC_PAD20_RUE Pull-up enable of the pad. 1: internal pull-up enabled; O: internal pull-up
disabled. (R/W)

RTCIO_RTC_PAD20_RDE Pull-down enable of the pad. 1: internal pull-down enabled; O: internal
pull-down disabled. (R/W)

RTCIO_RTC_PAD20_DRV Select drive strength of the pad. 0: ~5 mA; 1: ~10 mA; 2: ~20 mA,; 3:
~40 mA. (R/W)
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.70: RTCIO_RTC_PAD21_REG (0x00D8)

"a "G
AR +§</g/(</ A 9@§"
SERCS VST 233 S
N7 N7 N7 N 7 N /7 N7ZN7 N7 N7
> P P B PP
WO W RO
07 O7O7 O’ 07 070707 Cr”
& Oé\ Oé\oé\ & oé\ oé\ oé\o;\oé\oé\ &
& OUT D O O OOUOLED o
¢ & E&E N & & L&ELE N
‘ 31 |30 29| 28 27 | 26 20| 19 |18 17| 16 15 14 13 |12 0 ‘
[o] 2 [1]oJo o o o o o ofo[ o [o[o[oJofo o 0o 0 0 0 0 0 0 0 0 0 OReset

RTCIO_RTC_PAD21_FUN_IE Input enable in normal execution. (R/W)
RTCIO_RTC_PAD21_SLP_OE Output enable in sleep mode. (R/W)
RTCIO_RTC_PAD21_SLP_IE Input enable in sleep mode. (R/W)
RTCIO_RTC_PAD21_SLP_SEL 1: enable sleep mode; O: no sleep mode. (R/W)
RTCIO_RTC_PAD21_FUN_SEL Function selection. (R/W)
RTCIO_RTC_PAD21_MUX_SEL 1: use RTC GPIO,0: use digital GPIO. (R/W)

RTCIO_RTC_PAD21_RUE Pull-up enable of the pad. 1: internal pull-up enabled; O: internal pull-up
disabled. (R/W)

RTCIO_RTC_PAD21_RDE Pull-down enable of the pad. 1: internal pull-down enabled; O: internal
pull-down disabled. (R/W)

RTCIO_RTC_PAD21_DRV Select drive strength of the pad. 0: ~5 mA; 1: ~10 mA; 2: ~20 mA,; 3:

~40 mA. (R/W)
Register 5.71: RTCIO_XTL_EXT_CTR_REG (0x00EQ)
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RTCIO_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_REGI30] is the crystal power down enable signal. (R/W)
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5. 10 MUX and GPIO Matrix (GP1O, I0_MUX)

Register 5.72: RTCIO_SAR_I2C_IO_REG (0x00E4)
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RTCIO_SAR_I2C_SCL_SEL Selects a pad the RTC 12C SCL signal connects to. 0: use TOUCH
PADQO; 1: use TOUCH PAD2. (R/W)

RTCIO_SAR_I2C_SDA_SEL Selects a pad the RTC 12C SDA signal connects to. 0: use TOUCH
PAD1; 1: use TOUCH PAD3. (R/W)
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6. Reset and Clock

6. Reset and Clock

6.1 Reset

6.1.1 Overview

ESP32-S2 provides four types of reset that occur at different levels, namely CPU Reset, Core Reset, System

Reset, and Chip Reset.

All reset types mentioned above (except Chip Reset) maintain the data stored in internal memory. Figure 6-1

shows the scopes of affected subsystems when different types of reset occur.

ESP32-S2

SYSTEM
CORE RTC
cpu_reset » CPU PMU
core_reset .
I SENSOR
WIFI
system_reset - PERI
Co-Processor
chip_reset >
DIG_GPIO RTC_GPIO

ANALOG

Figure 6-1. Reset Level

e CPU Reset: Only resets CPU core. Once such reset is released, programs will be executed from CPU reset

vector.

e Core Reset: Resets the whole digital system except RTC, including CPU, peripherals, Wi-Fi, and digital

GPIOs.

e System Reset: Resets the whole digital system, including RTC.

e Chip Reset: Resets the whole chip.

6.1.2 Reset Source

CPU will be reset immediately when any of the reset above occurs. Users can get reset source codes by reading
register RTC_CNTL_RESET_CAUSE_PROCPU after the reset is released.

Table 47 lists different reset sources and the types of reset they trigger.
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6. Reset and Clock

Table 47: Reset Source

Code | Source Reset Type Comments
0x01 | Chip reset Chip Reset See the note below
OxOF | Brown-out system reset System Reset Triggered by brown-out detector
0x10 | RWDT system reset System Reset See Chapter 12 Watchdog Timers (WDT)
0x12 | Super watchdog reset System Reset See Chapter 12 Watchdog Timers (WDT)
0x13 | GLITCH reset System Reset -
0x03 | Software system reset Core Reset Triggered by configuring RTC_CNTL_SW_SYS_RST
0x05 | Deep-sleep reset Core Reset See Chapter 9 Low-Power Management (RTC_CNTL)
0x07 | MWDTO global reset Core Reset See Chapter 12 Watchdog Timers (WDT)
0x08 | MWDT1 global reset Core Reset See Chapter 12 Watchdog Timers (WDT)
0x09 | RWDT core reset Core Reset See Chapter 12 Watchdog Timers (WDT)
0x14 | eFuse reset Core Reset Triggered by eFuse CRC error
0x0B | MWDTO CPU reset CPU Reset See Chapter 12 Watchdog Timers (WDT)
Ox0C | Software CPU reset CPU Reset Triggered by configuring RTC_CNTL_SW_PROCPU_RST
0x0OD | RWDT CPU reset CPU Reset See Chapter 12 Watchdog Timers (WDT)
0x11 | MWDT1 CPU reset CPU Reset See Chapter 12 Watchdog Timers (WDT)
Note:

¢ Chip Reset can be triggered by the following three sources:

- Triggered by chip power-on;

- Triggered by brown-out detector;

- Triggered by Super Watchdog (SWD).

e 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 9 Low-Power Management (RTC_CNTL).

6.2 Clock

6.2.1

Overview

ESP32-S2 provides multiple clock sources, which allow CPU, peripherals and RTC to work at different
frequencies, thus providing more flexibility in meeting the requirements of various application scenarios. Figure
6-2 shows the system clock structure.
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Clock Management
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Figure 6-2. System Clock

6.2.2 Clock Source
ESP32-S2 uses external crystal, internal PLL, or internal oscillator working as clock sources to generate different
kinds of clocks, which can be classified in three types depending on their clock speed.

¢ High speed clock 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
® Slow speed clock for low-power devices, such as power management unit and low-power peripherals
— XTAL32K_CLK (32 kHz): external crystal clock
— RC_FAST_CLK (8 MHz by default): internal divide-by-N oscillator of 8 MHz, with adjustable frequency

- RC_FAST_DIV_CLK (31.250 kHz by default): internal clock derived from RC_FAST_CLK divided by
256

— RC_SLOW_CLK (90 kHz by default): internal oscillator with adjustable frequency

e Audio clock for audio-related devices
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— APLL_CLK (16 MHz ~ 128 MHz): internal Audio PLL clock

6.2.3 CPU Clock

As Figure 6-2 shows, CPU_CLK is the master clock for CPU and it can be as high as 240 MHz when CPU works
in high performance mode. Alternatively, CPU can run at lower frequencies, such as at 2 MHz, to lower power

consumption.

Users can set PLL_CLK, APLL_CLK, RC_FAST_CLK or XTAL_CLK as CPU_CLK clock source by configuring
register SYSTEM_SOC_CLK_SEL, see Table 48 and Table 49.

Table 48: CPU_CLK Source

SYSTEM_SOC_CLK_SEL Value Clock Source
0 XTAL_CLK

1 PLL_CLK

2 RC_FAST_CLK
3 APLL_CLK

Table 49: CPU_CLK Selection

Clock Source SEL_0* | SEL_1* | SEL_2* | CPU Clock Frequency
CPU_CLK = XTAL_CLK / (SYSTEM_PRE_DIV_CNT + 1)
XTAL_CLK 0 - - .
SYSTEM_PRE_DIV_CNT ranges from 0 ~ 1023. Default is 1
CPU_CLK=PLL_CLK/6
PLL_CLK (480 MHz) 1 1 0 .
CPU_CLK frequency is 80 MHz
CPU_CLK =PLL_CLK/3
PLL_CLK (480 MHz) 1 1 1 .
CPU_CLK frequency is 160 MHz
CPU_CLK=PLL CLK/2
PLL_CLK (480 MHz) 1 1 2 ,
CPU_CLK frequency is 240 MHz
CPU_CLK=PLL _CLK/ 4
PLL_CLK (320 MHz) 1 0 0 _
CPU_CLK frequency is 80 MHz
CPU_CLK=PLL_CLK/2
PLL_CLK (320 MHz) 1 0 1 .
CPU_CLK frequency is 160 MHz
CPU_CLK = RC_FAST_CLK / (SYSTEM_PRE_DIV_CNT + 1)
RC_FAST_CLK 2 - - '
SYSTEM_PRE_DIV_CNT ranges from 0 ~ 1023. Default is 1
APLL_CLK 3 0 0 CPU_CLK = APLL_CLK/ 4
APLL_CLK 3 0 1 CPU_CLK = APLL_CLK/ 2

*SEL_O: The value of register SYSTEM_SOC_CLK_SEL.
*SEL_1: The value of register SYSTEM_PLL_FREQ_SEL.

*SEL_2: The value of register SYSTEM_CPUPERIOD_SEL.

Note:

e When users select XTAL_CLK as CPU clock source and adjust the divider value by configuring register
SYSTEM_PRE_DIV_CNT, the rules below should be followed.

— If current divider value is 2 (SYSTEM_PRE_DIV_CNT = 1) and the target is x (x # 1), users should set
the divider first to 1 (SYSTEM_PRE_DIV_CNT = 0) and then to x (SYSTEM_PRE_DIV_CNT = x - 1).
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— If current divider value is x (SYSTEM_PRE_DIV_CNT = x - 1) and the target is 2, users should set the
divider first to 1 (SYSTEM_PRE_DIV_CNT = 0) and then to 2 (SYSTEM_PRE_DIV_CNT = 1).

- For other target divider value x, users can adjust the register directly (SYSTEM_PRE_DIV_CNT =x - 1).

6.2.4 Peripheral Clock
Peripheral clocks include APB_CLK, REF_TICK, LEDC_PWM_CLK, APLL_CLK and PLL_F160M_CLK. Table 50
shows which clock can be used by which peripheral.

Table 50: Peripheral Clock Usage

Peripheral APB_CLK | REF_TICK | LEDC_PWM_CLK | APLL_CLK | PLL_F160M_CLK
TIMG Y
12S

UHCI

UART

RMT
LED_PWM

[2C

SPI

PCNT

eFuse Controller
SARADC/DAC
USB

CRYPTO Y
TWAI Controller
System Timer

Y Y

<|=<|=<|=<

<|=<|=<|=<|=<|=<|=<|=<|=<|=<|<|=<]i

<

<

6.2.4.1 APB_CLK Source

APB_CLK is determined by the clock source of CPU_CLK as shown in Table 51.

Table 51: APB_CLK Source

CPU_CLK Source APB_CLK
PLL_CLK 80 MHz
APLL_CLK CPU_CLK/ 2
XTAL_CLK CPU_CLK
RC_FAST_CLK CPU_CLK

6.2.4.2 REF _TICK Source

REF_TICK is derived from XTAL_CLK or RC_FAST_CLK via a divider. When PLL_CLK, APLL_CLK or XTAL_CLK
is set as CPU clock source, REF_TICK will be divided from XTAL_CLK. When RC_FAST_CLK is set as CPU clock
source, REF_TICK will be divided from RC_FAST_CLK. In such way, REF_TICK frequency remains unchanged
when APB_CLK changes its clock source. Table 52 shows the configuration of these clock divider

registers.
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Table 52: REF_TICK Source

CPU_CLK Source Clock Divider Register
PLL_CLK | XTAL_CLK | APLL_CLK APB_CTRL_XTAL_TICK_NUM
RC_FAST_CLK APB_CTRL_CK8M_TICK_NUM

Normally, one REF_TICK cycle lasts for 1 us, so APB_CTRL_XTAL_TICK_NUM should be configured to 39
(default), and APB_CTRL_CK8M_TICK_NUM to 7 (default).

6.2.4.3 LEDC PWM CLK Source

LEDC_PWM_CLK clock source is selected by configuring register LEDC_APB_CLK_SEL, as shown in Table
58.

Table 53: LEDC_PWM_CLK Source

LEDC_APB_CLK_SEL Value LEDC_PWM_CLK Source
0 (Default) -

1 APB_CLK

2 RC_FAST_CLK

3 XTAL_CLK

6.2.4.4 APLL _SCLK Source

APLL_CLK is sourced from PLL_CLK, and its output frequency is configured using APLL configuration registers.
See Section 6.2.7 for more information.

6.2.4.5 PLL_F160M_CLK Source

PLL_F160M_CLK is divided from PLL_CLK according to current PLL frequency.

6.2.4.6 Clock Source Considerations

Peripherals that need to work with other clocks, such as RMT and [2C, generally operate using PLL_CLK
frequency as a reference. When this frequency changes, peripherals should update their clock configuration to
operate at the same frequency after the change. Peripherals accessing REF_TICK can continue operating
normally without changing their clock configuration when switching clock sources. Please see Table 50.

LED 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 LED can work normally via
RC_FAST_CLK.

6.2.5 Wi-Fi Clock
Wi-Fi can work only when APB_CLK uses PLL_CLK as its clock source. Suspending PLL_CLK requires that
Wi-Fi 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 in low-power mode.
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6.2.6 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 derived from RC_SLOW_CLK, XTAL32K_CLK or RC_FAST_DIV_CLK is 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.

6.2.7 Audio PLL Clock

The operation of audio and other time-critical data-transfer applications requires highly-configurable, low-jitter
and accurate clock sources. The clock sources derived from system clocks that serve digital peripherals may
carry jitter and, therefore, are not suitable for a high-precision clock frequency setting.

Providing an integrated precision clock source can minimize system cost. To this end, ESP32-S2 integrates an
audio PLL to clock I12S module.

Audio PLL formula is as follows:

fxtar(sdM2 + Sdzi"g” + SSTQO +4)
2(odiv + 2)

fout =

Parameters are defined below:

e fua: the frequency of crystal oscillator, usually 40 MHz;

sdmO: the value is O ~ 255;

sdm: the value is O ~ 255;

sdm2: the value is O ~ 63;

odiv: the value is 0 ~ 31;

The operating frequency range of the numerator is 350 MHz ~ 500 MHz.

dm1  sdmo
350 M Hz < fa(sdme + S0 89

Audio PLL can be manually enabled or disabled via registers RTC_CNTL_PLLA_FORCE_PU and
RTC_CNTL_PLLA_FORCE_PD, respectively. Disabling it takes priority over enabling it. When
RTC_CNTL_PLLA_FORCE_PU and RTC_CNTL_PLLA_FORCE_PD are 0, PLL follows the state of the system.
When the system enters sleep mode, PLL will be disabled automatically; when the system wakes up, PLL will be
enabled automatically.
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7. Chip Boot Control (BOOTCTRL)

7.1  Overview
ESP32-S2 has three strapping pins:

e GPIOO
e GPI045
e GPIO46

Software can read the values of the three strapping pins from register GPIO_STRAPPING. During
power-on-reset, RTC watchdog reset, brownout reset, analog super watchdog reset, and crystal clock glitch
detection reset (see Chapter 6 Reset and Clock), hardware samples and stores the voltage level of strapping pins
as strapping bit of “0” or “1” in latches, and hold these bits until the chip is powered down or shut down.

By default, GPIOO, GPIO45 and GPIO46 are connected to internal pull-up/pull-down during chip reset.
Consequently, if the three GPIOs are unconnected or their connected external circuits are high-impedance, the
internal weak pull-up/pull-down will determine the default input level of the strapping pins (see Table 54).

Table 54: Default Configuration of Strapping Pins

Pin GPIOO
Default

GPIO45
Pull-down

GPIO46
Pull-down

Pull-up

To change the default configuration of strapping pins, 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-S2. 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.

7.2 Boot Mode
GPIO0 and GPIO46 control the boot mode after reset.

Table 55: Boot Mode

Pin SPI Boot Download Boot
GPIOO 1 0
GPIO46 X 0

Table 55 shows the strapping pin values and the associated boot modes. "x” means that this value is ignored.
Currently only the two boot modes shown are supported. The strapping combination of GPIOO = 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.
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In download boot mode, users can download code to SRAM or Flash using UARTO, UART1, QPI 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 behavior:

e EFUSE_DIS_FORCE_DOWNLOAD. If this eFuse is O (default), software can switch the chip from SPI boot
mode to download boot mode by setting register RTC_CNTL_FORCE_DOWNLOAD_BOOQOT and triggering
a CPU reset. If this eFuse is 1, this register 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. This eFuse is
ignored if download boot mode is disabled.

7.3 ROM Code Printing to UART

GPIO46 controls ROM code printing of information during the early boot process. This GPIO is used together
with the UART_PRINT_CONTROL eFuse.

Table 56: ROM Code Printing Control

UART_PRINT_CONTROL | GPIO46 | ROM Code Printing
0 - ROM code will always print information to UART during boot.
GPIO46 is not used.

1 0 Print is enabled during boot
1 Print is disabled
5 0 Print is disabled
1 Print is enabled during boot
3 - Print is always disabled during boot. GPIO46 is not used.

ROM code will print to pin UOTXD (default) or to pin DAC_1, depending on the eFuse bit
UART_PRINT_CHANNEL (0: UARTO; 1: DAC_1).

7.4 VDD_SPI Voltage
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_IO via resistor Rgpy. Typically this
voltage is 3.3 V.

e GPIO45 =1, VDD_SPI pin is powered from internal 1.8 V LDO.

This functionality can be overridden by setting eFuse bit VDD_SPI_FORCE to 1, in which case the VDD_SPI_TIEH
eFuse value determines the VDD_SPI voltage:

¢ VDD_SPI_FORCE = 1 and VDD_SPI_TIEH = 0, VDD_SPI connects to 1.8 V LDO.

e VDD_SPI_FORCE = 1 and VDD_SPI_TIEH = 1, VDD_SPI connects to VDD3P3_RTC_IO.
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8. Interrupt Matrix INTERRUPT)

8.1 Overview

The interrupt matrix embedded in ESP32-S2 independently allocates peripheral interrupt sources to the CPU
peripheral interrupts, so as to timely inform the CPU to process the interrupts once the interrupt signals are
generated. This flexible function is applicable to a variety of application scenarios.

8.2 Features
e Accept 95 peripheral interrupt sources as input

e (Generate 26 peripheral interrupts to the CPU as output
e Disable CPU non-maskable interrupt (NMI) sources
e Query current interrupt status of peripheral interrupt sources

The structure of the interrupt matrix is shown in Figure 8-1.

PRO_CPU Config Peripheral Interrupt Source
Interrupt
Matrix A Y
Config Port

A

Interrupt Reg Interrupt Ctrl

Status Port

-l
Bl

\ INTERRUPT_PRO_NMI_MASK_HW f

PRO_CPU Peripheral Interrupt»

Figure 8-1. Interrupt Matrix Structure

8.3 Functional Description

8.3.1 Peripheral Interrupt Sources
ESP32-S2 has 95 peripheral interrupt sources in total, all of which can be allocated to the CPU. For the
peripheral interrupt sources and their configuration/status registers, please refer to Table 57.
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Table 57: CPU Peripheral Interrupt Configuration/Status Registers and Peripheral Interrupt Sources

Status Register

No. Source Configuration Register :
Bit Name
0 reserved reserved 0
1 reserved reserved 1
2 PWR_INTR INTERRUPT_PRO_PWR_INTR_MAP_REG 2
3 reserved reserved 3
4 reserved reserved 4
5 reserved reserved 5
6 reserved reserved 6
7 reserved reserved 7
8 reserved reserved 8
9 reserved reserved 9
10 reserved reserved 10
11 reserved reserved 11
12 reserved reserved 12
13 UHCIO_INTR INTERRUPT_PRO_UHCIO_INTR_MAP_REG 13
14 reserved reserved 14
15 TG_TO_LEVEL_INT INTERRUPT_PRO_TG_TO_LEVEL_INT_MAP_REG 15
16 TG_T1_LEVEL_INT INTERRUPT_PRO_TG_T1_LEVEL_INT_MAP_REG 16 INTERRUPT_PRO_INTR_STATUS_REG_0_REG
17 TG_WDT_LEVEL_INT INTERRUPT_PRO_TG_WDT_LEVEL_INT_MAP_REG 17
18 TG_LACT_LEVEL_INT INTERRUPT_PRO_TG_LACT_LEVEL_INT_MAP_REG 18
19 TG1_TO_LEVEL_INT INTERRUPT_PRO_TG1_TO_LEVEL_INT_MAP_REG 19
20 TG1_T1_LEVEL_INT INTERRUPT_PRO_TG1_T1_LEVEL_INT_MAP_REG 20
21 TG1_WDT_LEVEL_INT INTERRUPT_PRO_TG1_WDT_LEVEL_INT_MAP_REG 21
22 TG1_LACT_LEVEL_INT INTERRUPT_PRO_TG1_LACT_LEVEL_INT_MAP_REG 22
23 GPIO_INTERRUPT_PRO INTERRUPT_PRO_GPIO_INTERRUPT_PRO_MAP_REG 23
24 GPIO_INTERRUPT_PRO_NMI INTERRUPT_PRO_GPIO_INTERRUPT_PRO_NMI_MAP_REG | 24
25 reserved reserved 25
26 reserved reserved 26
27 DEDICATED_GPIO_IN_INTR INTERRUPT_PRO_DEDICATED_GPIO_IN_INTR_MAP_REG 27
28 CPU_INTR_FROM_CPU_O INTERRUPT_PRO_CPU_INTR_FROM_CPU_0_MAP_REG 28
29 CPU_INTR_FROM_CPU_1 INTERRUPT_PRO_CPU_INTR_FROM_CPU_1_MAP_REG 29
30 CPU_INTR_FROM_CPU_2 INTERRUPT_PRO_CPU_INTR_FROM_CPU_2_MAP_REG 30
31 CPU_INTR_FROM_CPU_3 INTERRUPT_PRO_CPU_INTR_FROM_CPU_3_MAP_REG 31
32 SPI_INTR_1 INTERRUPT_PRO_SPI_INTR_1_MAP_REG 0
33 SPI_INTR_2 INTERRUPT_PRO_SPI_INTR_2_MAP_REG 1 INTERRUPT_PRO_INTR_STATUS_REG_1_REG
34 SPI_INTR_3 INTERRUPT_PRO_SPI_INTR_3_MAP_REG 2
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Status Register

No. Source Configuration Register =
Bit Name

35 [2SO_INT INTERRUPT_PRO_I2S0_INT_MAP_REG 3
36 reserved reserved 4
37 UART_INTR INTERRUPT_PRO_UART_INTR_MAP_REG 5
38 UART1_INTR INTERRUPT_PRO_UART1_INTR_MAP_REG 6
39 reserved reserved 7
40 reserved reserved 8
41 reserved reserved 9
42 reserved reserved 10
43 reserved reserved 11
44 reserved reserved 12
45 LEDC_INT INTERRUPT_PRO_LEDC_INT_MAP_REG 13
46 EFUSE_INT INTERRUPT_PRO_EFUSE_INT_MAP_REG 14
47 CAN_INT INTERRUPT_PRO_CAN_INT_MAP_REG 15
48 USB_INTR INTERRUPT_PRO_USB_INTR_MAP_REG 16
49 RTC_CORE_INTR INTERRUPT_PRO_RTC_CORE_INTR_MAP_REG 17
50 RMT_INTR INTERRUPT_PRO_RMT_INTR_MAP_REG 18
51 PCNT_INTR INTERRUPT_PRO_PCNT_INTR_MAP_REG 19 | INTERRUPT_PRO_INTR_STATUS_REG_1_REG
52 12C_EXTO_INTR INTERRUPT_PRO_I2C_EXTO_INTR_MAP_REG 20
53 I2C_EXT1_INTR INTERRUPT_PRO_I2C_EXT1_INTR_MAP_REG 21
54 RSA_INTR INTERRUPT_PRO_RSA_INTR_MAP_REG 22
55 SHA_INTR INTERRUPT_PRO_SHA_INTR_MAP_REG 23
56 AES_INTR INTERRUPT_PRO_AES_INTR_MAP_REG 24
57 SPI2_DMA_INT INTERRUPT_PRO_SPI2_DMA_INT_MAP_REG 25
58 SPIZ_DMA_INT INTERRUPT_PRO_SPI3_DMA_INT_MAP_REG 26
59 reserved reserved 27
60 TIMER_INT INTERRUPT_PRO_TIMER_INT1_MAP_REG 28
61 TIMER_INT2 INTERRUPT_PRO_TIMER_INT2_MAP_REG 29
62 TG_TO_EDGE_INT INTERRUPT_PRO_TG_TO_EDGE_INT_MAP_REG 30
63 TG_T1_EDGE_INT INTERRUPT_PRO_TG_T1_EDGE_INT_MAP_REG 31
64 TG_WDT_EDGE_INT INTERRUPT_PRO_TG_WDT_EDGE_INT_MAP_REG 0
65 TG_LACT_EDGE_INT INTERRUPT_PRO_TG_LACT_EDGE_INT_MAP_REG 1
66 TG1_TO_EDGE_INT INTERRUPT_PRO_TG1_TO_EDGE_INT_MAP_REG 2
67 TG1_T1_EDGE_INT INTERRUPT_PRO_TG1_T1_EDGE_INT_MAP_REG 3
68 TG1_WDT_EDGE_INT INTERRUPT_PRO_TG1_WDT_EDGE_INT_MAP_REG 4 INTERRUPT_PRO_INTR_STATUS_REG_2_REG
69 TG1_LACT_EDGE_INT INTERRUPT_PRO_TG1_LACT_EDGE_INT_MAP_REG 5
70 CACHE_IA_INT INTERRUPT_PRO_CACHE_IA_INT_MAP_REG 6
71 SYSTIMER_TARGETO_INT INTERRUPT_PRO_SYSTIMER_TARGETO_INT_MAP_REG 7
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Status Register

No. Source Configuration Register =
Bit Name
72 SYSTIMER_TARGET1_INT INTERRUPT_PRO_SYSTIMER_TARGET1_INT_MAP_REG 8
73 SYSTIMER_TARGET2_INT INTERRUPT_PRO_SYSTIMER_TARGET2_INT_MAP_REG 9
74 ASSIST_DEBUG_INTR INTERRUPT_PRO_ASSIST_DEBUG_INTR_MAP_REG 10
75 PMS_PRO_IRAMO_ILG_INTR INTERRUPT_PRO_PMS_PRO_IRAMO_ILG_INTR_MAP_REG 11
76 | PMS_PRO_DRAMO_ILG_INTR | INTERRUPT_PRO_PMS_PRO_DRAMO_ILG_INTR_MAP_REG | 12
7 PMS_PRO_DPORT_ILG_INTR | INTERRUPT_PRO_PMS_PRO_DPORT_ILG_INTR_MAP_REG | 13
78 PMS_PRO_AHB_ILG_INTR INTERRUPT_PRO_PMS_PRO_AHB_ILG_INTR_MAP_REG 14
79 | PMS_PRO_CACHE_ILG_INTR | INTERRUPT_PRO_PMS_PRO_CACHE_ILG_INTR_MAP_REG | 15
80 PMS_DMA_APB_I_ILG_INTR INTERRUPT_PRO_PMS_DMA_APB_|_ILG_INTR_MAP_REG 16
81 PMS_DMA_RX_I_ILG_INTR INTERRUPT_PRO_PMS_DMA_RX_I_ILG_INTR_MAP_REG 17
82 PMS_DMA_TX_I_ILG_INTR INTERRUPT_PRO_PMS_DMA_TX_I_ILG_INTR_MAP_REG 18
83 SPI_MEM_REJECT_INTR INTERRUPT_PRO_SPI_MEM_REJECT_INTR_MAP_REG 19
84 DMA_COPY_INTR INTERRUPT_PRO_DMA_COPY_INTR_MAP_REG 20
85 reserved reserved 21
86 reserved reserved 22
87 DCACHE_PRELOAD_INT INTERRUPT_PRO_DCACHE_PRELOAD_INT_MAP_REG 23 | INTERRUPT_PRO_INTR_STATUS_REG_2_REG
88 ICACHE_PRELOAD_INT INTERRUPT_PRO_ICACHE_PRELOAD_INT_MAP_REG 24
89 APB_ADC_INT INTERRUPT_PRO_APB_ADC_INT_MAP_REG 25
90 CRYPTO_DMA_INT INTERRUPT_PRO_CRYPTO_DMA_INT_MAP_REG 26
91 CPU_PERI_ERROR_INT INTERRUPT_PRO_CPU_PERI_ERROR_INT_MAP_REG 27
92 APB_PERI_ERROR_INT INTERRUPT_PRO_APB_PERI_ERROR_INT_MAP_REG 28
93 DCACHE_SYNC_INT INTERRUPT_PRO_DCACHE_SYNC_INT_MAP_REG 29
94 ICACHE_SYNC_INT INTERRUPT_PRO_ICACHE_SYNC_INT_MAP_REG 30
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8.3.2 CPU Interrupts
The CPU has 32 interrupts, including 26 peripheral interrupts and six internal interrupts. Table 58 lists all the
interrupts.

e Peripheral Interrupts:

- Level-triggered interrupts: triggered by high level signal. The interrupt sources should hold the level till
the CPU handles the interrupts.

— Edge-triggered interrupts: triggered on rising edge. The CPU responds to this kind of interrupts
immediately.

- NMl interrupt: once triggered, the NMI interrupt can not be masked by software using the CPU
registers.

® Internal Interrupts:
— 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.

ESP32-S2 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 CPU must handle
such interrupt.

Table 58: CPU Interrupts

No. Category Type Priority Level
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 Edge-triggered 1

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
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No. Category Type Priority Level
21 Peripheral Level-triggered 2
22 Peripheral Edge-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 Edge-triggered 4
29 Internal Software 3
30 Peripheral Edge-triggered 4
31 Peripheral Level-triggered 5

8.3.3 Allocate Peripheral Interrupt Source to CPU Interrupt
In this section, the following terms are used to describe the operation of the interrupt matrix.

e Source_X: stands for a particular peripheral interrupt source, wherein, X means the number of this interrupt
source in Table 57.

¢ INTERRUPT_PRO_X_MAP_REG: stands for a peripheral interrupt configuration register, corresponding to
the peripheral interrupt source Source_X. In Table 57, the registers listed in column "Configuration Register”
correspond to the peripheral interrupt sources listed in column “Source”. For example, the configuration
register for source UHCIO_INTR is INTERRUPT_PRO_UHCIO_INTR_MAP_REG.

¢ Interrupt_P: stands for the CPU 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 58).

e Interrupt_l: stands for the CPU internal interrupt numbered as Num_|. The value of Num_l can be 6, 7, 11,
15, 16 and 29 (see Table 58).

8.3.3.1 Allocate one peripheral interrupt source Source_X to CPU

Setting the corresponding configuration register INTERRUPT_PRO_X_MAP_REG of Source_X to Num_P will
allocate 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 CPU interrupt can be shared by multiple peripherals.

8.3.3.2 Allocate multiple peripheral interrupt sources Source_Xn to CPU

Setting the corresponding configuration register INTERRUPT_PRO_Xn_MAP_REG of each interrupt source to the
same Num_P will allocate all the sources to the same Interrupt_P. Any of these sources will trigger CPU
Interrupt_P. When an interrupt signal is generated, software should check the interrupt status registers to figure
out which peripheral the signal comes from.

8.3.3.3 Disable CPU peripheral interrupt source Source_X

Setting the corresponding configuration register INTERRUPT_PRO_X_MAP_REG of the source to any Num_| will
disable this interrupt Source_X. The choice of Num_| does not matter, as none of Num_| is connected to the
CPU. Therefore this functionality can be used to disable peripheral interrupt sources.
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8.3.4 Disable CPU NMI Interrupt Sources

The interrupt matrix is able to mask all peripheral interrupt sources allocated to CPU No.14 NMI interrupt using
hardware, depending on the internal signal INTERRUPT_PRO_NMI_MASK_HW. The signal comes from
"Interrupt Reg” register configuration submodule inside interrupt matrix, see Figure 8-1. If the signal is set to high
level, CPU will not respond to NMI interrupt.

8.3.5 Query Current Interrupt Status of Peripheral Interrupt Source

Current interrupt status of a peripheral interrupt source can be read via the bit value in
INTERRUPT_PRO_INTR_STATUS_REG_n. For the mapping between INTERRUPT_PRO_INTR_STATUS_REG_n
and peripheral interrupt sources, please refer to Table 57.

8.4 Base Address

Users can access interrupt matrix with the base address, which can be seen in the following table. For more
information about accessing peripherals from different buses please see Chapter 3: System and Memory.

Table 59: Interrupt Matrix Base Address

Bus to Access Peripheral Base Address
PeriBUS1 0x3F4C2000

8.5 Register Summary

The address in the following table represents the address offset (relative address) with the respect to the
peripheral base address, not the absolute address. For detailed information about the interrupt matrix base
address, please refer to Section 8.4.
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Name Description Address | Access
Configuration registers

INTERRUPT_PRO_PWR_INTR_MAP_REG PWR_INTR interrupt configuration register 0x0008 | R/W
INTERRUPT_PRO_UHCIO_INTR_MAP_REG UHCIO_INTR interrupt configuration register 0x0034 | R/W
INTERRUPT_PRO_TG_TO_LEVEL_INT_MAP_REG TG_TO_LEVEL_INT interrupt configuration register 0x003C | R/W
INTERRUPT_PRO_TG_T1_LEVEL_INT_MAP_REG TG_T1_LEVEL_INT interrupt configuration register 0x0040 | R/W
INTERRUPT_PRO_TG_WDT_LEVEL_INT_MAP_REG TG_WDT_LEVEL_INT interrupt configuration register 0x0044 | R/W
INTERRUPT_PRO_TG_LACT_LEVEL_INT_MAP_REG TG_LACT_LEVEL_INT interrupt configuration register 0x0048 | R/W
INTERRUPT_PRO_TG1_TO_LEVEL_INT_MAP_REG TG1_TO_LEVEL_INT interrupt configuration register 0x004C | R/W
INTERRUPT_PRO_TG1_T1_LEVEL_INT_MAP_REG TG1_T1_LEVEL_INT interrupt configuration register 0x0050 | R/W
INTERRUPT_PRO_TG1_WDT_LEVEL_INT_MAP_REG TG1_WDT_LEVEL_INT interrupt configuration register 0x0054 | R/W
INTERRUPT_PRO_TG1_LACT_LEVEL_INT_MAP_REG TG1_LACT_LEVEL_INT interrupt configuration register 0x0058 | R/W
INTERRUPT_PRO_GPIO_INTERRUPT_PRO_MAP_REG GPIO_INTERRUPT_PRO interrupt configuration register 0x005C | R/W
INTERRUPT_PRO_GPIO_INTERRUPT_PRO_NMI_MAP_REG | GPIO_INTERRUPT_PRO_NMI interrupt configuration register | Ox0060 | R/W
INTERRUPT_PRO_DEDICATED_GPIO_IN_INTR_MAP_REG DEDICATED_GPIO_IN_INTR interrupt configuration register 0x006C | R/W
INTERRUPT_PRO_CPU_INTR_FROM_CPU_0_MAP_REG CPU_INTR_FROM_CPU_O interrupt configuration register 0x0070 | R/W
INTERRUPT_PRO_CPU_INTR_FROM_CPU_1_MAP_REG CPU_INTR_FROM_CPU_1 interrupt configuration register 0x0074 | R/W
INTERRUPT_PRO_CPU_INTR_FROM_CPU_2_MAP_REG CPU_INTR_FROM_CPU_2 interrupt configuration register 0x0078 | R/W
INTERRUPT_PRO_CPU_INTR_FROM_CPU_3_MAP_REG CPU_INTR_FROM_CPU_3 interrupt configuration register 0x007C | R/'W
INTERRUPT_PRO_SPI_INTR_1_MAP_REG SPI_INTR_1 interrupt configuration register 0x0080 | R/W
INTERRUPT_PRO_SPI_INTR_2_MAP_REG SPI_INTR_2 interrupt configuration register 0x0084 | R/W
INTERRUPT_PRO_SPI_INTR_3_MAP_REG SPI_INTR_3 interrupt configuration register 0x0088 | R/W
INTERRUPT_PRO_I2SO_INT_MAP_REG I2S0_INT interrupt configuration register 0x008C | R/W
INTERRUPT_PRO_UART_INTR_MAP_REG UART_INT interrupt configuration register 0x0094 | R/W
INTERRUPT_PRO_UART1_INTR_MAP_REG UART1_INT interrupt configuration register 0x0098 | R/W
INTERRUPT_PRO_LEDC_INT_MAP_REG LEDC_INTR interrupt configuration register 0x00B4 | R/W
INTERRUPT_PRO_EFUSE_INT_MAP_REG EFUSE_INT interrupt configuration register 0x00B8 | R/W
INTERRUPT_PRO_CAN_INT_MAP_REG CAN_INT interrupt configuration register 0x00BC | R/W
INTERRUPT_PRO_USB_INTR_MAP_REG USB_INT interrupt configuration register 0x00CO | R/W
INTERRUPT_PRO_RTC_CORE_INTR_MAP_REG RTC_CORE_INTR interrupt configuration register 0x00C4 | R/W
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Name Description Address | Access
INTERRUPT_PRO_RMT_INTR_MAP_REG RMT_INTR interrupt configuration register 0x00C8 | R/W
INTERRUPT_PRO_PCNT_INTR_MAP_REG PCNT_INTR interrupt configuration register 0x00CC | R/W
INTERRUPT_PRO_I2C_EXTO_INTR_MAP_REG [2C_EXTO_INTR interrupt configuration register 0x00D0 | R/W
INTERRUPT_PRO_I2C_EXT1_INTR_MAP_REG I2C_EXT1_INTR interrupt configuration register 0x00D4 | R/W
INTERRUPT_PRO_RSA_INTR_MAP_REG RSA_INTR interrupt configuration register 0x00D8 | R/W
INTERRUPT_PRO_SHA_INTR_MAP_REG SHA_INTR interrupt configuration register 0x00DC | R/W
INTERRUPT_PRO_AES_INTR_MAP_REG AES_INTR interrupt configuration register OxO00EO | R/W
INTERRUPT_PRO_SPI2_DMA_INT_MAP_REG SPI2_DMA_INT interrupt configuration register OxO00E4 | R/W
INTERRUPT_PRO_SPI3_DMA_INT_MAP_REG SPI3_DMA_INT interrupt configuration register OxO0E8 | R/W
INTERRUPT_PRO_TIMER_INT1_MAP_REG TIMER_INT1 interrupt configuration register Ox00FO | R/W
INTERRUPT_PRO_TIMER_INT2_MAP_REG TIMER_INTZ interrupt configuration register Ox00F4 | R/W
INTERRUPT_PRO_TG_TO_EDGE_INT_MAP_REG TG_TO_EDGE_INT interrupt configuration register Ox00F8 | R/W
INTERRUPT_PRO_TG_T1_EDGE_INT_MAP_REG TG_T1_EDGE_INT interrupt configuration register Ox00FC | R/W
INTERRUPT_PRO_TG_WDT_EDGE_INT_MAP_REG TG_WDT_EDGE_INT interrupt configuration register 0x0100 | R/W
INTERRUPT_PRO_TG_LACT_EDGE_INT_MAP_REG TG_LACT_EDGE_INT interrupt configuration register 0x0104 | R/W
INTERRUPT_PRO_TG1_TO_EDGE_INT_MAP_REG TG1_TO_EDGE_INT interrupt configuration register 0x0108 | R/W
INTERRUPT_PRO_TG1_T1_EDGE_INT_MAP_REG TG1_T1_EDGE_INT interrupt configuration register 0x010C | R/W
INTERRUPT_PRO_TG1_WDT_EDGE_INT_MAP_REG TG1_WDT_EDGE_INT interrupt configuration register 0x0110 | R/W
INTERRUPT_PRO_TG1_LACT_EDGE_INT_MAP_REG TG1_LACT_EDGE_INT interrupt configuration register 0x0114 | R/W
INTERRUPT_PRO_CACHE_IA_INT_MAP_REG CACHE_IA_INT interrupt configuration register 0x0118 | R/W
INTERRUPT_PRO_SYSTIMER_TARGETO_INT_MAP_REG SYSTIMER_TARGETO_INT interrupt configuration register 0x011C | R'W
INTERRUPT_PRO_SYSTIMER_TARGET1_INT_MAP_REG SYSTIMER_TARGET1_INT interrupt configuration register 0x0120 | R/W
INTERRUPT_PRO_SYSTIMER_TARGET2_INT_MAP_REG SYSTIMER_TARGET? interrupt configuration register 0x0124 | R/W
INTERRUPT_PRO_ASSIST_DEBUG_INTR_MAP_REG ASSIST_DEBUG_INTR interrupt configuration register 0x0128 | R/W
INTERRUPT_PRO_PMS_PRO_IRAMO_ILG_INTR_MAP_REG | PMS_PRO_IRAMO_ILG interrupt configuration register 0x012C | R/'W
INTERRUPT_PRO_PMS_PRO_DRAMO_ILG_INTR_MAP_REG | PMS_PRO_DRAMO_ILG interrupt configuration register 0x0130 | R/W
INTERRUPT_PRO_PMS_PRO_DPORT_ILG_INTR_MAP_REG | PMS_PRO_DPORT_ILG interrupt configuration register 0x0134 | R/W
INTERRUPT_PRO_PMS_PRO_AHB_ILG_INTR_MAP_REG PMS_PRO_AHB_ILG interrupt configuration register 0x0138 | R/W
INTERRUPT_PRO_PMS_PRO_CACHE_ILG_INTR_MAP_REG | PMS_PRO_CACHE_ILG interrupt configuration register 0x013C | R/W
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Name Description Address | Access
INTERRUPT_PRO_PMS_DMA_APB_I_ILG_INTR_MAP_REG | PMS_DMA_APB_I_ILG interrupt configuration register 0x0140 | R/W
INTERRUPT_PRO_PMS_DMA_RX_I_ILG_INTR_MAP_REG PMS_DMA_RX_I_ILG interrupt configuration register 0x0144 | R/W
INTERRUPT_PRO_PMS_DMA_TX_I_ILG_INTR_MAP_REG PMS_DMA_TX_I_ILG interrupt configuration register 0x0148 | R/W
INTERRUPT_PRO_SPI_MEM_REJECT_INTR_MAP_REG SPI_MEM_REJECT_INTR interrupt configuration register 0x014C | R/W
INTERRUPT_PRO_DMA_COPY_INTR_MAP_REG DMA_COPY_INTR interrupt configuration register 0x0150 | R/W
INTERRUPT_PRO_DCACHE_PRELOAD_INT_MAP_REG DCACHE_PRELOAD_INT interrupt configuration register 0x015C | R/W
INTERRUPT_PRO_ICACHE_PRELOAD_INT_MAP_REG ICACHE_PRELOAD_INT interrupt configuration register 0x0160 | R/W
INTERRUPT_PRO_APB_ADC_INT_MAP_REG APB_ADC_INT interrupt configuration register 0x0164 | R/W
INTERRUPT_PRO_CRYPTO_DMA_INT_MAP_REG CRYPTO_DMA_INT interrupt configuration register 0x0168 | R/W
INTERRUPT_PRO_CPU_PERI_ERROR_INT_MAP_REG CPU_PERI_ERROR_INT interrupt configuration register 0x016C | R/W
INTERRUPT_PRO_APB_PERI_ERROR_INT_MAP_REG APB_PERI_ERROR_INT interrupt configuration register 0x0170 | R/W
INTERRUPT_PRO_DCACHE_SYNC_INT_MAP_REG DCACHE_SYNC_INT interrupt configuration register 0x0174 | R/W
INTERRUPT_PRO_ICACHE_SYNC_INT_MAP_REG ICACHE_SYNC_INT interrupt configuration register 0x0178 | R/W
INTERRUPT_CLOCK_GATE_REG NMI interrupt signals mask register 0x0188 | R/W
Interrupt status registers

INTERRUPT_PRO_INTR_STATUS_REG_0_REG Interrupt status register O 0x017C | RO
INTERRUPT_PRO_INTR_STATUS_REG_1_REG Interrupt status register 1 0x0180 | RO
INTERRUPT_PRO_INTR_STATUS_REG_2_REG Interrupt status register 2 0x0184 | RO
Version register

INTERRUPT_DATE_REG Version control register OxOFFC | R/'W
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8. Interrupt Matrix (INTERRUPT)

8.6 Registers

The address in the following part represents the address offset (relative address) with respect to the peripheral
base address, not the absolute address. For detailed information about the interrupt matrix base address, please
refer to Section 8.4.

Register 8.1: INTERRUPT_PRO_PWR_INTR_MAP_REG (0x0008)
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‘31 5|4 0‘
\ooooooooooooooooooooooooooo| 16 \Reset
INTERRUPT_PRO_PWR_INTR_MAP This register is used to map PWR_INTR interrupt signal to one
of the CPU interrupts. (R/W)
Register 8.2: INTERRUPT_PRO_UHCIO_INTR_MAP_REG (0x0034)
&
Q\/
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&
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@Q’ée) /\(8?\
N N
‘31 5|4 0‘
\ooooooooooooooooooooooooooo 16 \Reset
INTERRUPT_PRO_UHCIO_INTR_MAP This register is used to map UHCIO_INTR interrupt signal to
one of the CPU interrupts. (R/W)
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Register 8.3: INTERRUPT_PRO_TG_TO_LEVEL_INT_MAP_REG (0x003C)
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INTERRUPT_PRO_TG_TO_LEVEL_INT_MAP This register is used to map TG_TO_LEVEL_INT inter-
rupt signal to one of the CPU interrupts. (R/W)
Register 8.4: INTERRUPT_PRO_TG_T1_LEVEL_INT_MAP_REG (0x0040)
R
\/\é&/
Q//
N2
Q7
&7
O/
K
S §/\/
P &
&
N A\
‘31 5|4 0‘
\ooooooooooooooooooooooooooo| 16 \Reset
INTERRUPT_PRO_TG_T1_LEVEL_INT_MAP This register is used to map TG_T1_LEVEL_INT inter-
rupt signal to one of the CPU interrupts. (R/W)
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Register 8.5: INTERRUPT_PRO_TG_WDT_LEVEL_INT_MAP_REG (0x0044)
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INTERRUPT_PRO_TG_WDT_LEVEL_INT_MAP This register is used to map TG_WDT_LEVEL_INT
interrupt signal to one of the CPU interrupts. (R/W)
Register 8.6: INTERRUPT_PRO_TG_LACT_LEVEL_INT_MAP_REG (0x0048)
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INTERRUPT_PRO_TG_LACT_LEVEL_INT_MAP Thisregisteris usedto map TG_LACT_LEVEL_INT
interrupt signal to one of the CPU interrupts. (R/W)
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Register 8.7: INTERRUPT_PRO_TG1_TO_LEVEL_INT_MAP_REG (0x004C)

§
\/\é&/
Q//
g
Q7
O/
QQ*
S $
Q)ég &Qg\Q\
& S
‘31 5[4 0‘
\ooooooooooooooooooooooooooo 16 \Reset
INTERRUPT_PRO_TG1_TO_LEVEL_INT_MAP This register is used to map TG1_TO_LEVEL_INT in-
terrupt signal to one of the CPU interrupts. (R/W)
Register 8.8: INTERRUPT_PRO_TG1_T1_LEVEL_INT_MAP_REG (0x0050)
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INTERRUPT_PRO_TG1_T1_LEVEL_INT_MAP This register is used to map TG1_T1_LEVEL_INT in-
terrupt signal to one of the CPU interrupts. (R/W)
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Register 8.9: INTERRUPT_PRO_TG1_WDT_LEVEL_INT_MAP_REG (0x0054)
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INTERRUPT_PRO_TG1_WDT_LEVEL_INT_MAP This register is used to map
TG1_WDT_LEVEL_INT interrupt signal to one of the CPU interrupts. (R/W)
Register 8.10: INTERRUPT_PRO_TG1_LACT_LEVEL_INT_MAP_REG (0x0058)
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INTERRUPT_PRO_TG1_LACT _LEVEL_INT_MAP This register is used to map
TG1_LACT_LEVEL_INT interrupt signal to one of the CPU interrupts. (R/W)
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Register 8.11: INTERRUPT_PRO_GPIO_INTERRUPT_PRO_MAP_REG (0x005C)
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INTERRUPT_PRO_GPIO_INTERRUPT_PRO_MAP This register is used to map
GPIO_INTERRUPT_PRO interrupt signal to one of the CPU interrupts. (R/W)
Register 8.12: INTERRUPT_PRO_GPIO_INTERRUPT_PRO_NMI_MAP_REG (0x0060)
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INTERRUPT_PRO_GPIO_INTERRUPT_PRO_NMI_MAP This register is wused to map
GPIO_INTERRUPT_PRO_NMI interrupt signal to one of the CPU interrupts. (R/W)
Register 8.13: INTERRUPT_PRO_DEDICATED_GPIO_IN_INTR_MAP_REG (0x006C)
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INTERRUPT_PRO_DEDICATED_GPIO_IN_INTR_MAP This register is used to map DEDI-
CATED_GPIO_IN_INTR interrupt signal to one of the CPU interrupts. (R/W)
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Register 8.14: INTERRUPT_PRO_CPU_INTR_FROM_CPU_0_MAP_REG (0x0070)
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INTERRUPT_PRO_CPU_INTR_FROM_CPU_0_MAP This register is used to map
CPU_INTR_FROM_CPU_Q interrupt signal to one of the CPU interrupts. (R/W)
Register 8.15: INTERRUPT_PRO_CPU_INTR_FROM_CPU_1_MAP_REG (0x0074)
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INTERRUPT_PRO_CPU_INTR_FROM_CPU_1_MAP This register is used to map
CPU_INTR_FROM_CPU_1 interrupt signal to one of the CPU interrupts. (R/W)
Register 8.16: INTERRUPT_PRO_CPU_INTR_FROM_CPU_2_MAP_REG (0x0078)
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INTERRUPT_PRO_CPU_INTR_FROM_CPU_2_MAP This register is used to map
CPU_INTR_FROM_CPU_2 interrupt signal to one of the CPU interrupts. (R/W)
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Register 8.17: INTERRUPT_PRO_CPU_INTR_FROM_CPU_3_MAP_REG (0x007C)
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INTERRUPT_PRO_CPU_INTR_FROM_CPU_3_MAP This register is used to map
CPU_INTR_FROM_CPU_3 interrupt signal to one of the CPU interrupts. (R/W)
Register 8.18: INTERRUPT_PRO_SPI_INTR_1_MAP_REG (0x0080)
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INTERRUPT_PRO_SPI_INTR_1_MAP This register is used to map SPI_INTR_1 interrupt signal to
one of the CPU interrupts. (R/W)
Register 8.19: INTERRUPT_PRO_SPI_INTR_2_MAP_REG (0x0084)
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INTERRUPT_PRO_SPI_INTR_2_MAP This register is used to map SPI_INTR_2 interrupt signal to
one of the CPU interrupts. (R/W)
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Register 8.20: INTERRUPT_PRO_SPI_INTR_3_MAP_REG (0x0088)
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INTERRUPT_PRO_SPI_INTR_3_MAP This register is used to map SPI_INTR_3 interrupt signal to
one of the CPU interrupts. (R/W)
Register 8.21: INTERRUPT_PRO_I2S0_INT_MAP_REG (0x008C)
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INTERRUPT_PRO_I2S0_INT_MAP This register is used to map 12SO_INT interrupt signal to one of
the CPU interrupts. (R/W)
Register 8.22: INTERRUPT_PRO_UART_INTR_MAP_REG (0x0094)
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INTERRUPT_PRO_UART_INTR_MAP This register is used to map UART_INTR interrupt signal to
one of the CPU interrupts. (R/W)
Espressif Systems 244 ESP32-S2 TRM (v1.1)

Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=1.1

8. Interrupt Matrix (INTERRUPT)

Register 8.23: INTERRUPT_PRO_UART1_INTR_MAP_REG (0x0098)
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INTERRUPT_PRO_UART1_INTR_MAP This register is used to map UART1_INTR interrupt signal to
one of the CPU interrupts. (R/W)
Register 8.24: INTERRUPT_PRO_LEDC_INT_MAP_REG (0x00B4)
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INTERRUPT_PRO_LEDC_INT_MAP This register is used to map LEDC_INT interrupt signal to one
of the CPU interrupts. (R/W)
Register 8.25: INTERRUPT_PRO_EFUSE_INT_MAP_REG (0x00B8)
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INTERRUPT_PRO_EFUSE_INT_MAP This register is used to map EFUSE_INT interrupt signal to
one of the CPU interrupts. (R/W)
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8. Interrupt Matrix (INTERRUPT)

Register 8.26: INTERRUPT_PRO_CAN_INT_MAP_REG (0x00BC)
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INTERRUPT_PRO_CAN_INT_MAP This register is used to map CAN_INT interrupt signal to one of
the CPU interrupts. (R/W)
Register 8.27: INTERRUPT_PRO_USB_INTR_MAP_REG (0x00CO0)
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INTERRUPT_PRO_USB_INTR_MAP This register is used to map USB_INTR interrupt signal to one
of the CPU interrupts. (R/W)
Register 8.28: INTERRUPT_PRO_RTC_CORE_INTR_MAP_REG (0x00C4)
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INTERRUPT_PRO_RTC_CORE_INTR_MAP Thisregisteris used to map RTC_CORE_INTR interrupt
signal to one of the CPU interrupts. (R/W)
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8. Interrupt Matrix (INTERRUPT)

Register 8.29: INTERRUPT_PRO_RMT_INTR_MAP_REG (0x00C8)

&
&
&
0
L/
) N
%Q’é@ &(ég?‘
N &
\ooooooooooooooooooooooooooo 16 \Reset
INTERRUPT_PRO_RMT_INTR_MAP This register is used to map RMT_INTR interrupt signal to one
of the CPU interrupts. (R/W)
Register 8.30: INTERRUPT_PRO_PCNT_INTR_MAP_REG (0x00CC)
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INTERRUPT_PRO_PCNT_INTR_MAP This register is used to map PCNT_INTR interrupt signal to
one of the CPU interrupts. (R/W)
Register 8.31: INTERRUPT_PRO_I2C_EXTO_INTR_MAP_REG (0x00D0)
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\ooooooooooooooooooooooooooo| 16 \Reset
INTERRUPT_PRO_I2C_EXTO_INTR_MAP This register is used to map 12C_EXTO_INTR interrupt
signal to one of the CPU interrupts. (R/W)
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8. Interrupt Matrix (INTERRUPT)

Register 8.32: INTERRUPT_PRO_I2C_EXT1_INTR_MAP_REG (0x00D4)
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INTERRUPT_PRO_I2C_EXT1_INTR_MAP This register is used to map 12C_EXT1_INTR interrupt
signal to one of the CPU interrupts. (R/W)
Register 8.33: INTERRUPT_PRO_RSA_INTR_MAP_REG (0x00D8)
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INTERRUPT_PRO_RSA_INTR_MAP This register is used to map RSA_INTR interrupt signal to one
of the CPU interrupts. (R/W)
Register 8.34: INTERRUPT_PRO_SHA_INTR_MAP_REG (0x00DC)
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INTERRUPT_PRO_SHA_INTR_MAP This register is used to map SHA_INTR interrupt signal to one
of the CPU interrupts. (R/W)
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Register 8.35: INTERRUPT_PRO_AES_INTR_MAP_REG (0x00EQ)
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INTERRUPT_PRO_AES_INTR_MAP This register is used to map AES_INTR interrupt signal to one
of the CPU interrupts. (R/W)
Register 8.36: INTERRUPT_PRO_SPI2_DMA_INT_MAP_REG (0x00E4)
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INTERRUPT_PRO_SPI2_DMA_INT_MAP This register is used to map SPI2_DMA_INT interrupt sig-
nal to one of the CPU interrupts. (R/W)
Register 8.37: INTERRUPT_PRO_SPI3_DMA_INT_MAP_REG (0x00ES8)
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INTERRUPT_PRO_SPI3_DMA_INT_MAP This register is used to map SPI3_DMA_INT interrupt sig-
nal to one of the CPU interrupts. (R/W)
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Register 8.38: INTERRUPT_PRO_TIMER_INT1_MAP_REG (0x00FO0)
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INTERRUPT_PRO_TIMER_INT1_MAP This register is used to map TIMER_INT1 interrupt signal to
one of the CPU interrupts. (R/W)
Register 8.39: INTERRUPT_PRO_TIMER_INT2_MAP_REG (0x00F4)
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INTERRUPT_PRO_TIMER_INT2_MAP This register is used to map TIMER_INTZ2 interrupt signal to
one of the CPU interrupts. (R/W)
Register 8.40: INTERRUPT_PRO_TG_TO_EDGE_INT_MAP_REG (0x00F8)
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INTERRUPT_PRO_TG_TO_EDGE_INT_MAP This register is used to map TG_TO_EDGE_INT inter-
rupt signal to one of the CPU interrupts. (R/W)
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Register 8.41: INTERRUPT_PRO_TG_T1_EDGE_INT_MAP_REG (0x00FC)
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INTERRUPT_PRO_TG_T1_EDGE_INT_MAP This register is used to map TG_T1_EDGE_INT inter-
rupt signal to one of the CPU interrupts. (R/W)
Register 8.42: INTERRUPT_PRO_TG_WDT_EDGE_INT_MAP_REG (0x0100)
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INTERRUPT_PRO_TG_WDT_EDGE_INT_MAP This register is used to map TG_WDT_EDGE_INT
interrupt signal to one of the CPU interrupts. (R/W)
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Register 8.43: INTERRUPT_PRO_TG_LACT_EDGE_INT_MAP_REG (0x0104)
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INTERRUPT_PRO_TG_LACT_EDGE_INT_MAP This register is used to map TG_LACT_EDGE_INT
interrupt signal to one of the CPU interrupts. (R/W)
Register 8.44: INTERRUPT_PRO_TG1_TO_EDGE_INT_MAP_REG (0x0108)
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INTERRUPT_PRO_TG1_TO_EDGE_INT_MAP This register is used to map TG1_TO_EDGE_INT in-
terrupt signal to one of the CPU interrupts. (R/W)
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8. Interrupt Matrix (INTERRUPT)

Register 8.45: INTERRUPT_PRO_TG1_T1_EDGE_INT_MAP_REG (0x010C)
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INTERRUPT_PRO_TG1_T1_EDGE_INT_MAP This register is used to map TG1_T1_EDGE_INT in-
terrupt signal to one of the CPU interrupts. (R/W)
Register 8.46: INTERRUPT_PRO_TG1_WDT_EDGE_INT_MAP_REG (0x0110)
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INTERRUPT_PRO_TG1_WDT_EDGE_INT_MAP This register is used to map TG1_WDT_EDGE_INT
interrupt signal to one of the CPU interrupts. (R/W)
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8. Interrupt Matrix (INTERRUPT)

Register 8.47: INTERRUPT_PRO_TG1_LACT_EDGE_INT_MAP_REG (0x0114)

INTERRUPT_PRO_TG1_LACT_EDGE_INT_MAP This register is used
TG1_LACT_EDGE_INT interrupt signal to one of the CPU interrupts. (R/W)

Register 8.48: INTERRUPT_PRO_CACHE_IA_INT_MAP_REG (0x0118)

16

INTERRUPT_PRO_CACHE_IA_INT_MAP This register is used to map CACHE_IA_INT interrupt sig-

nal to one of the CPU interrupts. (R/W)

Register 8.49: INTERRUPT_PRO_SYSTIMER_TARGETO_INT_MAP_REG (0x011C)

16

INTERRUPT_PRO_SYSTIMER_TARGETO_INT_MAP This register is used to map SYS-

TIMER_TARGETO_INT interrupt signal to one of the CPU interrupts. (R/W)
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8. Interrupt Matrix (INTERRUPT)

Register 8.50: INTERRUPT_PRO_SYSTIMER_TARGET1_INT_MAP_REG (0x0120)
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INTERRUPT_PRO_SYSTIMER_TARGET1_INT_MAP This register is used to map SYS-
TIMER_TARGET1_INT interrupt signal to one of the CPU interrupts. (R/W)
Register 8.51: INTERRUPT_PRO_SYSTIMER_TARGET2_INT_MAP_REG (0x0124)
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INTERRUPT_PRO_SYSTIMER_TARGET2_INT_MAP This register is used to map SYS-
TIMER_TARGET2_INT interrupt signal to one of the CPU interrupts. (R/W)
Register 8.52: INTERRUPT_PRO_ASSIST_DEBUG_INTR_MAP_REG (0x0128)
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INTERRUPT_PRO_ASSIST_DEBUG_INTR_MAP This register is used to map AS-
SIST_DEBUG_INTR interrupt signal to one of the CPU interrupts. (R/W)
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8. Interrupt Matrix (INTERRUPT)

Register 8.53: INTERRUPT_PRO_PMS_PRO_IRAMO_ILG_INTR_MAP_REG (0x012C)
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INTERRUPT_PRO_PMS_PRO_IRAMO_ILG_INTR_MAP This register is used to map
PMS_PRO_IRAMO_ILG_INTR interrupt signal to one of the CPU interrupts. (R/W)
Register 8.54: INTERRUPT_PRO_PMS_PRO_DRAMO_ILG_INTR_MAP_REG (0x0130)
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INTERRUPT_PRO_PMS_PRO_DRAMO_ILG_INTR_MAP This register is wused to map
PMS_PRO_DRAMO_ILG_INTR interrupt signal to one of the CPU interrupts. (R/W)
Register 8.55: INTERRUPT_PRO_PMS_PRO_DPORT_ILG_INTR_MAP_REG (0x0134)
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INTERRUPT_PRO_PMS_PRO_DPORT_ILG_INTR_MAP This register is used to map
PMS_PRO_DPORT_ILG_INTR interrupt signal to one of the CPU interrupts. (R/W)
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8. Interrupt Matrix (INTERRUPT)

Register 8.56: INTERRUPT_PRO_PMS_PRO_AHB_ILG_INTR_MAP_REG (0x0138)
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INTERRUPT_PRO_PMS_PRO_AHB_ILG_INTR_MAP This register is used to map
PMS_PRO_AHB_ILG_INTR interrupt signal to one of the CPU interrupts. (R/W)
Register 8.57: INTERRUPT_PRO_PMS_PRO_CACHE_ILG_INTR_MAP_REG (0x013C)
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INTERRUPT_PRO_PMS_PRO_CACHE_ILG_INTR_MAP This register is used to map
PMS_PRO_CACHE_ILG_INTR interrupt signal to one of the CPU interrupts. (R/W)
Register 8.58: INTERRUPT_PRO_PMS_DMA_APB_I_ILG_INTR_MAP_REG (0x0140)
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INTERRUPT_PRO_PMS_DMA_APB_I_ILG_INTR_MAP This register is wused to map
PMS_DMA_APB_I_ILG_INTR interrupt signal to one of the CPU interrupts. (R/W)
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8. Interrupt Matrix (INTERRUPT)

Register 8.59: INTERRUPT_PRO_PMS_DMA_RX_I_ILG_INTR_MAP_REG (0x0144)

\ooooooooooooooooooooooooooo| 16 \Reset

INTERRUPT_PRO_PMS_DMA_RX_I_ILG_INTR_MAP This register is used to map
PMS_DMA_RX_I_ILG_INTR interrupt signal to one of the CPU interrupts. (R/W)

Register 8.60: INTERRUPT_PRO_PMS_DMA_TX_I_ILG_INTR_MAP_REG (0x0148)
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INTERRUPT_PRO_PMS_DMA_TX_I_ILG_INTR_MAP This register is used to map
PMS_DMA_TX_I_ILG_INTR interrupt signal to one of the CPU interrupts. (R/W)

Register 8.61: INTERRUPT_PRO_SPI_MEM_REJECT_INTR_MAP_REG (0x014C)
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INTERRUPT_PRO_SPI_MEM_REJECT_INTR_MAP This register is used to map
SPI_MEM_REJECT_INTR interrupt signal to one of the CPU interrupts. (R/W)
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8. Interrupt Matrix (INTERRUPT)

Register 8.62: INTERRUPT_PRO_DMA_COPY_INTR_MAP_REG (0x0150)
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INTERRUPT_PRO_DMA_COPY_INTR_MAP This register is used to map DMA_COPY_INTR inter-
rupt signal to one of the CPU interrupts. (R/W)

Register 8.63: INTERRUPT_PRO_DCACHE_PRELOAD_INT_MAP_REG (0x015C)
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INTERRUPT_PRO_DCACHE_PRELOAD_INT_MAP This register is used to map
DCACHE_PRELOAD_INT interrupt signal to one of the CPU interrupts. (R/W)
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8. Interrupt Matrix (INTERRUPT)

Register 8.64: INTERRUPT_PRO_ICACHE_PRELOAD_INT_MAP_REG (0x0160)
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INTERRUPT_PRO_ICACHE_PRELOAD_INT_MAP This register is used to map
ICACHE_PRELOAD_INT interrupt signal to one of the CPU interrupts. (R/W)
Register 8.65: INTERRUPT_PRO_APB_ADC_INT_MAP_REG (0x0164)
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INTERRUPT_PRO_APB_ADC_INT_MAP This register is used to map APB_ADC_INT interrupt signal
to one of the CPU interrupts. (R/W)
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Register 8.66: INTERRUPT_PRO_CRYPTO_DMA_INT_MAP_REG (0x0168)
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INTERRUPT_PRO_CRYPTO_DMA_INT_MAP This register is used to map CRYPTO_DMA_INT in-
terrupt signal to one of the CPU interrupts. (R/W)
Register 8.67: INTERRUPT_PRO_CPU_PERI_ERROR_INT_MAP_REG (0x016C)
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INTERRUPT_PRO_CPU_PERI_ERROR_INT_MAP This register is used to map
CPU_PERI_ERROR_INT interrupt signal to one of the CPU interrupts. (R/W)
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8. Interrupt Matrix (INTERRUPT)

Register 8.68: INTERRUPT_PRO_APB_PERI_ERROR_INT_MAP_REG (0x0170)
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INTERRUPT_PRO_APB_PERI_ERROR_INT_MAP This register is used to map
APB_PERI_ERROR_INT interrupt signal to one of the CPU interrupts. (R/W)
Register 8.69: INTERRUPT_PRO_DCACHE_SYNC_INT_MAP_REG (0x0174)
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INTERRUPT_PRO_DCACHE_SYNC_INT_MAP This register is used to map DCACHE_SYNC_INT
interrupt signal to one of the CPU interrupts. (R/W)
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Register 8.70: INTERRUPT_PRO_ICACHE_SYNC_INT_MAP_REG (0x0178)

’ooooooooooooooooooooooooooo| 16 ‘Reset

INTERRUPT_PRO_ICACHE_SYNC_INT_MAP This register is used to map ICACHE_SYNC_INT in-
terrupt signal to one of the CPU interrupts. (R/W)

Register 8.71: INTERRUPT_CLOCK_GATE_REG (0x0188)

INTERRUPT_CLK_EN This bit is used to enable or disable the clock of interrupt matrix. 1: enable
the clock; O: disable the clock. (R/W)

INTERRUPT_PRO_NMI_MASK_HW This bit is used to disable all NMI interrupt signals to CPU. (R/W)

Register 8.72: INTERRUPT_PRO_INTR_STATUS_REG_0_REG (0x017C)

Q
&7

E ]

’ 0x000000 \ Reset

INTERRUPT_PRO_INTR_STATUS_0 This register stores the status of the first 32 input interrupt
sources. (RO)
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Register 8.73: INTERRUPT_PRO_INTR_STATUS_REG_1_REG (0x0180)
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INTERRUPT_PRO_INTR_STATUS_1 This register stores the status of the second 32 input interrupt
sources. (RO)

Register 8.74: INTERRUPT_PRO_INTR_STATUS_REG_2_REG (0x0184)
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’ 0x000000 \ Reset

INTERRUPT_PRO_INTR_STATUS_2 This register stores the status of the last 31 input interrupt
sources. (RO)

Register 8.75: INTERRUPT_DATE_REG (0xOFFC)
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’ 31 28|27 0 ‘
]o 0 0 o0 0x1904180 ‘Reset
INTERRUPT_DATE Version control register. (R/W)
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9. Low-Power Management (RTC_CNTL)

9.1 Introduction

ESP32-S2 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-S2 has predefined five 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-S2 has integrated two Ultra-Low-Power co-processors (ULP co-processors), which allow the chip to
work when most of the power domains are powered down, thus achieving extremely low-power

consumption.

9.2 Features
ESP32-S2’s low-power management supports the following features:

e ULP co-processors supported in all power modes

¢ Five predefined power modes to simplify power management for typical scenarios
e Up to 16 KB of retention memory

* 8 x 32-bit retention registers

e RTC Boot supported for reduced wakeup latency

In this chapter, we first introduce the working process of ESP32-S2’s low-power management, then introduce
the predefined power modes of the chip, and at last, introduce the RTC boot of the chip.

9.3 Functional Description
ESP32-S2’s low-power management involves the following components:

e Power management unit: controls the power supply to Analog, RTC and Digital power domains.

e Power isolation unit: isolates different power domains, so any powered down power domain does not
affect the powered up ones.

® | 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
1 ULP Coprocessor (ULP).

— Touch sensor timer: wakes up the touch sensor at a predefined time. For details, please refer to
Chapter 32 On-Chip Sensor and Analog Signal Processing.

e 8 x 32-bit “always-on” retention registers: These registers are always powered up and can be used for
storing data that cannot be lost.

e 22 x “always-on” pins: These pins are always powered up and can be used as wakeup sources when the
chip is working in the low-power modes (for details, please refer to Section 9.4.4), or can be used as
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regular GPIOs (for details, please refer to Chapter 5 /0 MUX and GPIO Matrix (GPIO, 10_MUX)).

e RTC slow memory: supports 8 KB SRAM, which can be used as retention memory or to store ULP
directives and data.

e RTC fast memory: supports 8 KB SRAM, which can be used as retention memory.
® Regulators: regulate the power supply to different power domains.

The schematic diagram of ESP32-S2’s low-power management is shown in Figure 9-1.

VDD3P3_RTC_IO VDD3P3_CPU VDDA1 VDDA2 VDD_RTC
Low Power Digital System Flash
Voltage Voltage Voltage
Regulator Regulator Regulator
Analog \ A \ ‘
‘ VDD_SPI
XPD_RTC_REG CPU
XPD_DIG_REG
XPD_SDIO_REG ROM
xpd_rtc —
‘3/77 Peripherals
xpd_rtc_mem ﬁ! Internal SRAMXx
¢ — Slow Memory
xpd_fast_rtc_mem *
—%" | FastM
ast viemory Digital Core
xpd_dg_wrap t )
xpd_wifi v B
o —— MAC BB

Power Management
Unit <:> Wi-Fi Circuits

RTC Digital

Red lines represent power distribution

Figure 9-1. Low-power Management Schematics
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9. Low-Power Management (RTC_CNTL)

9.3.1 Power Management Unit
ESP32-S2'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.

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.

In ESP32-S2’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 9-2.
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Figure 9-2. Power Management Unit Workflow
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Note:
For more detailed description about power domains, please refer to 9.4.2.

9.3.2 Low-Power Clocks

In general, ESP32-S2 powers down its 40 MHz crystal oscillator 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
memory, and Wi-Fi digital circuits in the digital domain.

Selection Signal RTC

PMU
RC_SLOW_CLK
0

XTAL32K_CLK 1 RTC_SLOW_CLK

2

RTC Timer

RC_FAST_DIV_CLK

RTC Slow Clock

ULP Coprocessor

Selection Signal

XTAL_DIV_CLK 0 Sensor Controller
RTC_FAST_CLK
RC_FAST_CLK
1 _’

RTC Registers

N

RTC Fast Clock

Figure 9-3. RTC_FAST_CLK and RTC_SLOW_CLK

Selection Signals

XTAL32K_GLK o ::
ST_CLK
RC_FAST_ o x
S | Low POWER CLK Wirdlass
o
RTC_SLOW_CLK o -
XTAL_CLK o e

Figure 9-4. Low-Power Clocks for RTC Power Domains
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Table 61: Low-Power Clocks

Clock Type Clock Source Selection Option Power Domain
RC_SLOW_CLK!

RTC slow clock XTAL32K_CLK RTC_CNTL_ANA_CLK_RTC_SEL Power management unit
RC_FAST_DIV_CLK
XTAL_DIV_CLK RTC peripherals

RTC fast clock RTC_CNTL_FAST_CLK_RTC_SEL RTC fast memory

RC_FAST_CLK 2

RTC slow memory

XTAL32K_CLK SYSTEM_LPCLK_SEL_XTAL32K

Low-Power clogke | RC-FAST_CLK SYSTEM_LPCLK_SEL_8M Digital system (Wi-Fi)
RTC_SLOW_CLK SYSTEM_LPCLK_RTC_SLOW in low-power modes
XTAL_CLK SYSTEM_LPCLK_SEL_XTAL

Note:

1. The default RTC slow clock source.

2. The default RTC fast clock source.

For more detailed description about clocks, please refer to 6 Reset and Clock.

9.3.3 Timers

ESP32-S2’s low-power management uses 3 timers:
e RTC timer
o ULP timer
® Touch sensor timer

This section only introduces the RTC timer. For detailed description of ULP timer and touch sensor timer, please
refer to Chapters 1 ULP Coprocessor (ULP) and 32 On-Chip Sensor and Analog Signal Processing.

The readable 48-bit RTC timer is a real-time rr (using RTC slow clock) that can be configured to log the time
when one of the following events happens. For details, see Table 62.

Table 62: The Triggering Conditions for the RTC Timer

Enabling Options Descriptions

1. RTC main state machine powers down; 2. 40 MHz 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 system completes.

Register RTC_CNTL_RTC_TIME_UPDATE is configured by
CPU (i.e. users).

RTC_CNTL_TIMER_SYS_STALL

RTC_CNTL_TIME_UPDATE

The RTC timer updates two groups of registers upon any new trigger. The first group logs the information of the
current trigger, and the other logs the previous trigger. Detailed information about these two register groups is
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shown below:
e Register group 0: logs the status of RTC timer at the current trigger.
- RTC_CNTL_TIME_HIGHO_REG
- RTC_CNTL_TIME_LOWO_REG
e Register group 1: logs the status of RTC timer at the previous trigger.
- RTC_CNTL_TIME_HIGH1_REG
- RTC_CNTL_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 overrode), 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 9.4.4.

9.3.4 Regulators
ESP32-S2 has three regulators to regulate the power supply to different power domains:

¢ Digital system voltage regulator for digital power domains;
e Low-power voltage regulator for RTC power domains;

* Flash voltage regulator for the rest of power domains.

Note:
For more detailed description about power domains, please refer to Section 9.4.2.

9.3.4.1 Digital System Voltage Regulator

ESP32-S2’s built-in digital system voltage regulator converts the external power supply (typically 3.3 V) to 1.1 V
for digital power domains. This regulator has an adjustable output. For the architecture of the ESP32-S2 digital
system voltage regulator, see Figure 9-5.
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VDD3P3_CPU

VDD3P3_RTC_IO
dbias[2:0]

VREF

1.1V (0.85V - 1.2V)

Digital System

Figure 9-5. Digital System Regulator

ESP32-S2

1. When XPD_DIG_REG == 1, the regulator outputs a 1.1 V voltage and the power domains in digital system

are able to run; when XPD_DIG_REG == 0, both the regulator and the power domains in digital system
stop running.

2. DIG_DBIAS[2:0] tunes the supply voltage of the digital system:

VDD_DIG = 0.90 + DBIAS x 0.05V

3. The current to power domains in digital system comes from pin VDD3P3_CPU and pin VDD3P3_RTC_IO.

9.3.4.2 Low-power Voltage Regulator

ESP32-S2’s built-in low-power voltage regulator converts the external power supply (typically 3.3 V) to 1.1 V for
RTC power domains. This regulator has an adjustable output to achieve lower power consumption and can
output even lower voltage in Deep-sleep mode and Hibernation mode. For the architecture of the ESP32-S2
low-power voltage regulator, see Figure 9-6.

VDD3P3_RTC_IO

dbias[2:0]

=29

VREF

1.1V

RTC
ESP32-S2

Figure 9-6. Low-power voltage regulator
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1. When the pin CHIP_PU is at a high level, the low-power voltage regulator cannot be turned off, but only
switching between normal-work mode and Deep-sleep mode.

2. RTC_DBIAS[2:0] can be used to tune the output voltage:
VDD_RTC = 0.90 + DBIAS x 0.05V

3. The current to the RTC power domains comes from pin VDD3P3_RTC_IO.

9.3.4.3 Flash Voltage Regulator

ESP32-S2’s built-in flash voltage regulator can supply a voltage of 3.3 V or 1.8 V to other components outside of
digital system and RTC, such as flash. For the architecture of the ESP32-S2 flash voltage regulator, see Figure
9-7.

VDD3P3_RTC_IO
drefh, drefm, drefl

VREF

VDD_SPI

_ Regulator
" Output

500pF

T T
373

ESP32-S2

Figure 9-7. Flash voltage regulator

1. When XPD_SDIO_VREG == 1, the regulator outputs a voltage of 3.3 V or 1.8 V; when XPD_SDIO_VREG
== 0, the output is high-impedance. In this case, the voltage is provided by the external power supply.

2. When SDIO_TIEH == 1, the regulator shorts pin VDD_SDIO to pin VDD3P3_RTC, and outputs a voltage of
3.3V, which is the voltage of pin VDD3P3_RTC. When SDIO_TIEH == 0, the regulator outputs the
reference voltage VREF, which is typically 1.8 V.

3. DREFH_SDIO, DREFM_SDIO and DREFL_SDIO could be used to fine tune the reference voltage VREF, but
are not recommended because this fine tuning may jeopardize the stability of the inner loop.

4. When the regulator output is 3.3 V or 1.8V, the output current comes from the pin VDD3P3_RTC_IO.
The flash voltage regulator can be configured via RTC registers or eFuse controller registers.
¢ The configuration of XPD_SDIO_VREG:

- When the chip is in active mode, RTC_CNTL_SDIO_FORCE == 0 and VDD_SPI_FORCE(EFUSE) ==
1, the XPD_SDIO_VREG voltage is defined by XPD_VDD_SPI_REG(EFUSE);

— When the chip is in sleep modes and RTC_CNTL_SDIO_PD_EN == 1, XPD_SDIO_VREG is O;
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— When RTC_CNTL_SDIO_FORCE == 1, XPD_SDIO_VREG is defined by RTC_CNTL_XPD_SDIO_REG.
¢ The configuration of SDIO_TIEH:

- When RTC_CNTL_SDIO_FORCE == 0 and VDD_SPI_FORCE(EFUSE) == 1, SDIO_TIEH =
VDD_SDIO_TIEH(EFUSE)

- Otherwise, SDIO_TIEH = RTC_CNTL_SDIO_TIEH.

9.3.4.4 Brownout Detector

The brownout detector checks the voltage of pins VDD3P3_RTC_IO, VDD3P3_CPU, VDDA1, and VDDAZ2. If the
voltage of these pins drops rapidly and becomes too low, 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 system 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-S2 brownout detector, see Figure 9-8.

ESP32-52
thres[2:0]

VREF

VDD3P3_RTC_IO
VDD3P3_CPU
VDDA1

VDDA2

Brownout
detected

Figure 9-8. Brown-out detector

1. 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;

2. 12C register ULP_CAL_REGS5][2:0] configures the trigger threshold of the brown-out detector;

Table 63: Brown-out Detector Configuration

ULP_CAL_REG5[2:0] | VDD (Unit: V)
2.67
3.30
3.19
2.98
2.84
2.67
2.56
2.44

~N|lolo|ldlw|INn| = |O]!
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3. RTC_CNTL_BROWN_OUT_RST_SEL configures the reset type.
¢ (O: resets the chip

* 1: resets the system

Note:
For more information regarding chip reset and system reset, please refer to 6 Reset and Clock.

9.4 Power Modes Management

9.4.1 Power Domain
ESP32-S2 has 10 power domains in three power domain categories:

e RTC

Power management unit

RTC peripherals

RTC slow memory

RTC fast memory
e Digital
- Digital core
- Wi-Fi digital circuits
e Analog
— 8 MHz crystals
- 40 MHz crystals
- PLL
- RF circuits
9.4.2 RTC States

ESP32-S2 has three main RTC states: Active, Monitor, and Sleep. The transition process among these states
can be seen in Figure 9-9.
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ULP done or touch done

ULP timer or touch timer

Figure 9-9. RTC States Transition

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 64.

Table 64: RTC Statues Transition

Power Domain RTC States Not
otes
Category Sub-category Active | Monitor | Sleep
Power Management Unit | ON ON ON 1
e RTC Peripherals ON ON OFF 2
RTC Slow Memory ON OFF OFF 3
RTC Fast Memory ON OFF OFF 4
o Digital Core ON OFF OFF 5
Digital o .
Wi-Fi Digital Circuits ON OFF OFF 6
8 MHz Crystals ON ON OFF -
40 MHz Crystals ON OFF OFF -
Analog
PLL ON OFF OFF -
RF Circuits - - - -

Note:

force-power-on.
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1. ESP32-S2’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.

2. The RTC peripherals include 1 ULP Coprocessor (ULFP) and 32 On-Chip Sensor and Analog Signal Processing (i.e.

3. RTC slow memory supports 8 KB SRAM, which can be used to reserve memory or to store ULP instructions and
/ or data. This memory can be accessed by CPU via PeriBUS2 (starting address is 0x50000000), and should be

4. 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.

5. When the digital core of the digital system is powered down, all components in the digital system are turned off.
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It’s worth noting that, ESP32-S2’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.

6. Power domain Wi-Fi digital circuits includes Wi-Fi MAC and BB (Base Band).

9.4.3 Pre-defined Power Modes
As mentioned earlier, ESP32-S2 has five power modes, which are predefined configurations that power up
different combinations of power domains. For details, please refer to Table 65.

Table 65: Predefined Power Modes

Power Power Domain
Modes PMU | RTC | RTC | RTC | Digital | Wi-Fi | 8 MHz | 40 PLL RF
Pe- Slow Fast Core Digital | Crys- | MHz Cir-
ripher- | Mem- | Mem- Cir- tals Crys- cuits
als ory ory cuits tals
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 ON ON ON * OFF OFF OFF OFF
Deep-sleep ON ON ON ON OFF OFF OFF OFF OFF OFF
Hibernation ON OFF OFF OFF OFF OFF OFF OFF OFF OFF
Note:
* Configurable

By default, ESP32-S2 first enters the Active mode after system resets, then enters different low-power modes
(including Modem-sleep, Light-sleep, Deep-sleep, and Hibernation) 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
Hibernation, the performance! 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 65.

2. For details on power consumption, please refer to the Current Consumption Characteristics in ESP32-S2 Datasheet.

3. For details on the supported wakeup sources, please refer to Section 9.4.4.

9.4.4 Wakeup Source

The ESP32-S2 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 66.
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Table 66: Wakeup Source

WAKEUP_ENA | Wakeup Source | Light-sleep | Deep-sleep | Hibernation | Notes*
Ox1 | EXTO Y Y - 1
0x2 | EXT1 Y Y Y 2
Ox4 | GPIO Y Y - 3
0x8 | RTC timer Y Y Y -

0x20 | Wi-Fi Y - - 4
0x40 | UARTO Y - - 5
0x80 | UARTT Y - - 5
0x100 | TOUCH Y Y - 6
0x800 | ULP-FSM Y Y - 7
0x1000 | XTAL_32K Y Y Y 8
0x2000 | ULP-RISCV Trap Y Y - 9
0x8000 | USB Y - - 10

Note:

. 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_WAKEUPO_SEL to select an RTC pin as a wakeup source.

2. 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 any pins in the combination is low level.

3. In Deep-sleep mode, only the RTC GPIOs (not regular GPIOs) can work as a wakeup source.

4. To wake up the chip with a Wi-Fi source, the chip switches between the Active, Modem-sleep, and Light-sleep
modes. The CPU and RF modules are woken up at predetermined intervals to keep Wi-Fi connections active.

5. A wakeup is triggered when the number of RX pulses received exceeds the setting in the threshold register.

6. A wakeup is triggered when any touch event is detected by the touch sensor.

7. A wakeup is triggered when RTC_CNTL_RTC_SW_CPU_INT is configured by the ULP co-processor.

8. 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.

9. A wakeup is triggered when the ULP co-processor starts capturing exceptions (e.g., stack overflow).

10. A wakeup is triggered when the USB host sends USB into the RESUMING state.
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9.5 RTC Boot

The wakeup time for Deep-sleep and Hibernation modes are much longer, compared to the Light-sleep and
Modem-sleep, because the ROMs and RAMs are both powered down in this case, and the CPU needs more
time for ROM unpacking and data-copying from the flash (SPI booting). 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 to avoid
the above-mentioned ROM unpacking and SPI booting, thus speeding up the wakeup process.

Method one: 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 ROM unpacking and SPI booting. The codes stored in RTC slow memory
starts running immediately after the CPU reset. However, note that the content in the RTC slow memory
should be initialized before sending the chip into sleep.

Method two: 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_STORE6_REG[31:0].
3. Set RTC_CNTL_STORE7_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, calculate the
CRC for the RTC fast memory again. If the result matches with register RTC_CNTL_STOREG_REG[31:0],
the CPU jumps to the entry address.

The boot flow is shown in Figure 9-10.

Espressif Systems 278 ESP32-S2 TRM (v1.1)
Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=1.1

9. Low-Power Management (RTC_CNTL)

Running in ROM
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Run code in
CPU RAM
Running in CPU RAM

Figure 9-10. ESP32-S2 Boot Flow

When working under low-power modes, ESP32-S2’s 40 MHz crystal oscillator and PLL are usually powered
down to reduce power consumption. However, the low-power clock remains on so the chip can operate properly
under low-power modes.

9.6 Base Address

Users can access the low-power management module of ESP32-S2 with two base addresses, which can be
seen in Table 67. For more information about accessing peripherals from different buses please see Chapter 3
System and Memory.

Table 67: Low-power Management Base Address

Bus to Access Peripheral Base Address
PeriBUS1 0x3f408000
PeriBUS2 0x60008000

9.7 Register Summary
The addresses in the following table are relative to the Low Power Management base addresses provided in
Section 9.6.

Espressif Systems 279 ESP32-S2 TRM (v1.1)
Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=1.1

9. Low-Power Management (RTC_CNTL)

Name ‘ Description Address | Access
RTC Option Registers
RTC_CNTL_OPTIONSO_REG Sets the power options of crystal and PLL | 0x0000 | varies
clocks, and initiates reset by software
RTC_CNTL_OPTION1_REG RTC option register 0x0128 | R/W
RTC Timer Registers
RTC_CNTL_SLP_TIMERO_REG RTC timer threshold register O 0x0004 | R/W
RTC_CNTL_SLP_TIMER1_REG RTC timer threshold register 1 0x0008 | varies
RTC_CNTL_TIME_UPDATE_REG RTC timer update control register 0x000C | varies
RTC_CNTL_TIME_LOWO_REG Stores the lower 32 bits of RTC timer O 0x0010 | RO
RTC_CNTL_TIME_HIGHO_REG Stores the higher 16 bits of RTC timer 0 0x0014 | RO
RTC_CNTL_STATEO_REG Configures the sleep / reject / wakeup state 0x0018 | varies
RTC_CNTL_TIMER1_REG Configures CPU stall options 0x001C | R/W
RTC_CNTL_TIMER2_REG Configures RTC slow clock and touch con- | 0x0020 | R/W
troller
RTC_CNTL_TIMER5_REG Configures the minimal sleep cycles 0x002C | R/W
RTC_CNTL_TIME_LOW1_REG Stores the lower 32 bits of RTC timer 1 OxO00E8 | RO
RTC_CNTL_TIME_HIGH1_REG Stores the higher 16 bits of RTC timer 1 OxO00EC | RO
Internal Power Control Register
RTC_CNTL_ANA_CONF_REG Configures the power options for 12C and | Ox0034 | R/W
PLLA
RTC_CNTL_REG Low-power voltage and digital voltage regula- | 0x0084 | R/W
tors configuration register
RTC_CNTL_PWC_REG RTC power configuration register 0x0088 | R/W
RTC_CNTL_DIG_PWC_REG Digital system power configuraiton register 0x008C | R/W
RTC_CNTL_DIG_ISO_REG Digital system isolation configuration register | 0x0090 | varies
RTC_CNTL_LOW_POWER_ST_REG RTC main state machine state register 0x00CC | RO
Reset Control Register
RTC_CNTL_RESET_STATE_REG Indicates the CPU reset source 0x0038 | varies
Sleep and Wake-up Control Register
RTC_CNTL_WAKEUP_STATE_REG Wakeup bitmap enabling register 0x003C | R/W
RTC_CNTL_EXT_WAKEUP_CONF_REG GPIO wakeup configuration register 0x0064 | R/W
RTC_CNTL_SLP_REJECT_CONF_REG Configures sleep / reject options 0x0068 | R/'W
RTC_CNTL_EXT_WAKEUP1_REG EXT1 wakeup configuration register 0x00DC | varies
RTC_CNTL_EXT_WAKEUP1_STATUS_REG| EXT1 wakeup source register OxO0EO | RO
RTC_CNTL_SLP_REJECT_CAUSE_REG Stores the reject-to-sleep cause 0x0124 | RO
RTC_CNTL_SLP_WAKEUP_CAUSE_REG | Stores the sleep-to-wakeup cause 0x012C | 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 | RO
RTC_CNTL_INT_ST_RTC_REG RTC interrupt state register 0x0048 | RO
RTC_CNTL_INT_CLR_RTC_REG RTC interrupt clear register 0x004C | WO
Reservation Registers
RTC_CNTL_STOREO_REG Reservation register 0 0x0050 ‘ R/W
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9. Low-Power Management (RTC_CNTL)

Name Description Address | Access

RTC_CNTL_STORE1_REG Reservation register 1 0x0054 | R/W

RTC_CNTL_STORE2_REG Reservation register 2 0x0058 | R/W

RTC_CNTL_STORE3_REG Reservation register 3 0x005C | R/W

RTC_CNTL_STORE4_REG Reservation register 4 0x00BC | R/'W

RTC_CNTL_STORE5_REG Reservation register 5 0x00C0 | R/W

RTC_CNTL_STORE6G_REG Reservation register 6 0x00C4 | R/'W

RTC_CNTL_STORE7_REG Reservation register 7 0x00C8 | R/W

Clock Control Registers

RTC_CNTL_EXT_XTL_CONF_REG 32 kHz crystal oscillator configuration register | Ox0060 | varies

RTC_CNTL_CLK_CONF_REG RTC clock configuration register 0x0074 | R/W

RTC_CNTL_SLOW_CLK_CONF_REG RTC slow clock configuration register 0x0078 | R/'W

RTC_CNTL_XTAL32K_CLK_FACTOR_REG | Configures the divider for the backup clock of | OxO0FO | R/W
32 kHz crystal oscillator

RTC_CNTL_XTAL32K_CONF_REG 32 kHz crystal oscillator configuration register | OxO0F4 | R/W

RTC Watchdog Control Register

RTC_CNTL_WDTCONFIGO_REG RTC watchdog configuration register 0x0094 | R/W

RTC_CNTL_WDTCONFIG1_REG Configures the hold time of RTC watchdog at | 0x0098 | R/W
level 1

RTC_CNTL_WDTCONFIG2_REG Configures the hold time of RTC watchdog at | Ox009C | R/W
level 2

RTC_CNTL_WDTCONFIG3_REG Configures the hold time of RTC watchdog at | OxO0A0 | R/W
level 3

RTC_CNTL_WDTCONFIG4_REG Configures the hold time of RTC watchdog at | Ox00A4 | R/W
level 4

RTC_CNTL_WDTFEED_REG RTC watchdog SW feed configuration register | OxO0A8 | WO

RTC_CNTL_WDTWPROTECT_REG RTC watchdog write protection configuration | OXOOAC | R/W
register

RTC_CNTL_SWD_CONF_REG Super watchdog configuration register Ox00BO | varies

RTC_CNTL_SWD_WPROTECT_REG Super watchdog write protection configura- | 0x00B4 | R/W
tion register

Other Registers

RTC_CNTL_SW_CPU_STALL_REG CPU stall configuration register 0x00B8 | R/W

RTC_CNTL_PAD_HOLD_REG Configures the hold options for RTC GPIOs 0x00D4 | R/W

RTC_CNTL_DIG_PAD_HOLD_REG Configures the hold options for digital GPIOs | 0x00D8 | R/W

RTC_CNTL_BROWN_OUT_REG Brownout configuration register OxO0E4 | varies

9.8 Registers

The addresses in this section are relative to the Low Power Management base addresses provided in Section

9.6.
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9. Low-Power Management (RTC_CNTL)

Register 9.1: RTC_CNTL_OPTIONSO0_REG (0x0000)
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\0000000000000000001000000000ooo\Rese»c

Espressif Systems

RTC_CNTL_SW_STALL_PROCPU_CO0 When RTC_CNTL_SW_STALL_PROCPU_C1 is configured
to Ox21, setting this bit to 0x2 stalls the CPU by SW.

RTC_CNTL_SW_PROCPU_RST Set this bit to reset the CPU 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)
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)
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9. Low-Power Management (RTC_CNTL)

Register 9.2: RTC_CNTL_OPTION1_REG (0x0128)

&
0‘090
&
\%f@& éooe
‘31 1|10 ‘
\oooooooooooooooooooooooooooooooo\Reset
RTC_CNTL_FORCE_DOWNLOAD_BOOT Set this bit to force the chip to boot from the download
mode. (R/W)
Register 9.3: RTC_CNTL_SLP_TIMERO_REG (0x0004)
RS
?\//
%\8/
Nd
o
&
‘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 9.4: RTC_CNTL_SLP_TIMER1_REG (0x0008)
%
@/
&
Q?\/
I\
) X
Sl o’
& 3
Q7 Q@7
@Q’& C)e C)e
& & &
‘31 17| 16 |15 0‘
\ooooooooooooooo|o| 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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9. Low-Power Management (RTC_CNTL)

Register 9.5: RTC_CNTL_TIME_UPDATE_REG (0x000C)

Q75 QR N

Q/%Q) O 72O7
SESEE X

‘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. (R/W)
RTC_CNTL_TIMER_XTL_OFF Selects the triggering condition for the RTC timer. (R/W)
RTC_CNTL_TIMER_SYS_RST Selects the triggering condition for the RTC timer. (R/W)

RTC_CNTL_RTC_TIME_UPDATE Selects the triggering condition for the RTC timer. (WO)

Note:
For details, please refer to Table 62.

Register 9.6: RTC_CNTL_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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9. Low-Power Management (RTC_CNTL)

Register 9.7: RTC_CNTL_TIME_HIGHO_REG (0x0014)
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RTC_CNTL_RTC_TIMER_VALUEO_HIGH Stores the higher 16 bits of RTC timer 0. (RO)
Register 9.8: RTC_CNTL_STATEO_REG (0x0018)
o
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F 5 &
AN AN &S

& & &
27 2| ! | 0 ‘

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_SLP_WAKEUP Sleep wakeup bit. (R/W)

RTC_CNTL_SLP_REJECT Sleep reject bit. (R/W)

RTC_CNTL_SLEEP_EN Sends the chip to sleep. (R/W)
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9. Low-Power Management (RTC_CNTL)

Register 9.9: RTC_CNTL_TIMER1_REG (0x001C)
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RTC_CNTL_CPU_STALL_EN Enables the CPU stalling. (R/W)

RTC_CNTL_CPU_STALL_WAIT Sets the CPU stall waiting cycles (using the RTC fast clock). (R/W)

RTC_CNTL_CK8M_WAIT Sets the 8 MHz clock waiting cycles (using the RTC slow clock). (R/W)

RTC_CNTL_XTL_BUF_WAIT Sets the XTAL waiting cycles (using the RTC slow clock). (R/W)

RTC_CNTL_PLL_BUF_WAIT Sets the PLL waiting cycles (using the RTC slow clock). (R/W)

Register 9.10: RTC_CNTL_TIMER2_REG (0x0020)
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RTC_CNTL_ULPCP_TOUCH_START_WAIT Sets the waiting cycles (using the RTC slow clock) be-
fore the ULP co-processor or touch controller starts to work. (R/W)

RTC_CNTL_MIN_TIME_CK8M_OFF Sets the minimal cycles for 8 MHz clock (using the RTC slow

clock) when powered down. (R/W)
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9. Low-Power Management (RTC_CNTL)

Register 9.11: RTC_CNTL_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 9.12: RTC_CNTL_TIME_LOW1_REG (0x00ES8)
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RTC_CNTL_RTC_TIMER_VALUE1_LOW Stores the lower 32 bits of RTC timer 1. (RO)

Register 9.13: RTC_CNTL_TIME_HIGH1_REG (0x00EC)
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RTC_CNTL_RTC_TIMER_VALUE1_HIGH Stores the higher 16 bits of RTC timer. (RO)
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9. Low-Power Management (RTC_CNTL)

i)

(\\
&

Register 9.14: RTC_CNTL_ANA_CONF_REG (0x0034)
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RTC_CNTL_GLITCH_RST_EN Set this bit to enable a reset when the system detects a glitch. (R/W)

RTC_CNTL_SAR_I2C_FORCE_PD Set this bit to FPD the SAR_I2C. (R/W)

RTC_CNTL_SAR_I2C_FORCE_PU Set this bit to FPU the SAR_I2C. (R/W)

RTC_CNTL_PLLA_FORCE_PD Set this bit to FPD the PLLA. (R/W)

RTC_CNTL_PLLA_FORCE_PU Set this bit to FPU the PLLA. (R/W)
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9. Low-Power Management (RTC_CNTL)

Register 9.15: RTC_CNTL_REG (0x0084)
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RTC_CNTL_DIG_DBIAS_SLP Configures the regulation factor for the digital system voltage regulator
when the CPU is in sleep state. (R/W)

RTC_CNTL_DIG_DBIAS_WAK Configures the regulation factor for the digital system voltage regula-
tor when the CPU is in active status. (R/W)

RTC_CNTL_SCK_DCAP Configures the frequency of the RTC clocks. (R/W)

RTC_CNTL_RTC_DBIAS_SLP Configures the regulation factor for the low-power voltage regulator
when the CPU is in sleep status. (R/W)

RTC_CNTL_RTC_DBIAS_WAK Configures the regulation factor for the low-power voltage regulator
when the CPU is in active status. (R/W)

RTC_CNTL_RTC_REGULATOR_FORCE_PD Set this bit to FPD the low-power voltage regulator,
which means decreasing its voltage to 0.8 V or lower. (R/W)

RTC_CNTL_RTC_REGULATOR_FORCE_PU Set this bit to FPU the low-power voltage regulator,
which means increasing its voltage to higher than 0.8 V. (R/W)
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9. Low-Power Management (RTC_CNTL)

Register 9.16: RTC_CNTL_PWC_REG (0x0088)
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RTC_CNTL_RTC_FASTMEM_FORCE_NOISO Set this bit to disable the force isolation of the RTC
fast memory. (R/W)

RTC_CNTL_RTC_FASTMEM_FORCE_ISO Set this bit to force isolation of the RTC fast memory.
(RW)

RTC_CNTL_RTC_SLOWMEM_FORCE_NOISO Set this bit to disable the force isolation of the RTC
slow memory. (R/W)

RTC_CNTL_RTC_SLOWMEM_FORCE_ISO Set this bit to force isolation of the RTC slow memory.
RW)

RTC_CNTL_RTC_FORCE_ISO Set this bit to force isolation of the RTC peripherals. (R/W)

RTC_CNTL_RTC_FORCE_NOISO Set this bit to disable the force isolation of the RTC peripherals.
RW)

RTC_CNTL_RTC_FASTMEM_FOLW_CPU Set this bit to FPD the RTC fast memory when the CPU
is powered down. Reset this bit to FPD the RTC fast 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.
RW)

RTC_CNTL_RTC_FASTMEM_FORCE_LPU Set this bit to force retain the RTC fast memory. (R/W)

RTC_CNTL_RTC_SLOWMEM_FOLW_CPU Set this bit to FPD the RTC slow memory when the CPU
is powered down. Reset this bit to FPD the RTC slow memory when the RTC main state machine
is powered down. (R/W)

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_FASTMEM_FORCE_PD Set this bit to FPD the RTC fast memory. (R/W)
RTC_CNTL_RTC_FASTMEM_FORCE_PU Set this bit to FPU the RTC fast memory. (R/W)

RTC_CNTL_RTC_FASTMEM_PD_EN Set this bit to enable PD for the RTC fast memory in sleep.
RW)

Continued on the next page...
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9. Low-Power Management (RTC_CNTL)

Register 9.16: RTC_CNTL_PWC_REG (0x0088)

Continued from the previous page...
RTC_CNTL_RTC_SLOWMEM_FORCE_PD Set this bit to FPD the RTC slow memory. (R/W)
RTC_CNTL_RTC_SLOWMEM_FORCE_PU Set this bit to FPU the RTC slow memory. (R/W)

RTC_CNTL_RTC_SLOWMEM_PD_EN Set this bit to enable PD for the RTC slow memory in sleep.
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)

Register 9.17: RTC_CNTL_DIG_PWC_REG (0x008C)
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RTC_CNTL_LSLP_MEM_FORCE_PD Set this bit to FPD the memories in the digital system in sleep.
RW)

RTC_CNTL_LSLP_MEM_FORCE_PU Set this bit to FPU the memories in the digital system. (R/W)
RTC_CNTL_WIFI_FORCE_PD Set this bit to FPD the Wi-Fi digital circuit in the digital system. (R/W)
RTC_CNTL_WIFI_FORCE_PU Set this bit to FPU the Wi-Fi digital circuit in the digital system. (R/W)
RTC_CNTL_DG_WRAP_FORCE_PD Set this bit to FPD the digital system. (R/W)
RTC_CNTL_DG_WRAP_FORCE_PU Set this bit to FPU the digital system. (R/W)
RTC_CNTL_WIFI_PD_EN Set this bit to enable PD for the Wi-Fi digital 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)

Espressif Systems 291 ESP32-S2 TRM (v1.1)
Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=1.1

9. Low-Power Management (RTC_CNTL)

Register 9.18:

RTC_CNTL_DIG_ISO_REG (0x0090)
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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 Set 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 auto-hold

status. (R/W)

RTC_CNTL_DG_PAD_FORCE_NOISO Set this bit to disable the force isolation of the digital GPIOs.

(R/W)

RTC_CNTL_DG_PAD_FORCE_ISO Set this bit to force isolation of 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_WIFI_FORCE_ISO Set this bit to force isolation of the Wi-Fi digital circuits. (R/W)

RTC_CNTL_WIFI_FORCE_NOISO Set this bit to disable the force isolation of the Wi-Fi digital circuits.

(R/W)

RTC_CNTL_DG_WRAP_FORCE_ISO Set this bit to force isolation of the digital system. (R/W)

RTC_CNTL_DG_WRAP_FORCE_NOISO Set this bit to disable the force isolation of the digital sys-

tem. (R/W)
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9. Low-Power Management (RTC_CNTL)

Register 9.19: RTC_CNTL_LOW_POWER_ST_REG (0x00CC)
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RTC_CNTL_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.
e (0: the chip can be either

— in sleep modes.

- entering sleep modes. In this case, wait until RTC_CNTL_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).

Register 9.20: RTC_CNTL_RESET_STATE_REG (0x0038)
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RTC_CNTL_RESET_CAUSE_PROCPU Stores the CPU reset cause. (RO)

RTC_CNTL_PROCPU_STAT_VECTOR_SEL Selects the CPU static vector. (R/W)
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9. Low-Power Management (RTC_CNTL)

Register 9.21: RTC_CNTL_WAKEUP_STATE_REG (0x003C)
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RTC_CNTL_RTC_WAKEUP_ENA Selects the wakeup source. For details, please refer to Table 66.

(R'W)
Register 9.22: RTC_CNTL_EXT_WAKEUP_CONF_REG (0x0064)
QX
&
Q\%Q%Q &
D D (&
N
SR
S8
NN
9,00 &£
O &
‘ 31 30 29 |28 0‘
\ oflofofo o

RTC_CNTL_GPIO_WAKEUP_FILTER Set this bit to enable the GPIO wakeup event filter. (R/W)
RTC_CNTL_EXT_WAKEUPO_LV 0: EXTO at low level, 1: EXTO at high level. (R/W)

RTC_CNTL_EXT_WAKEUP1_LV 0: EXT1 at low level, 1: EXT1 at high level. (R/W)
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9. Low-Power Management (RTC_CNTL)

Register 9.23: RTC_CNTL_SLP_REJECT_CONF_REG (0x0068)

X >
OVl &
Q{</§</<</§</ (<>
o0 v
S &
QK7 o7
N &
QI N S
NS > &
957 &7 &
’31|3o 29 13|12 0‘
’o|o| 0 |ooooooooooooo‘Rese»c

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)

Register 9.24: RTC_CNTL_EXT_WAKEUP1_REG (0x00DC)
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’oooooooooo 0 ‘Reset

RTC_CNTL_EXT_WAKEUP1_SEL Selects a RTC GPIO to be the EXT1 wakeup source. (R/W)

RTC_CNTL_EXT_WAKEUP1_STATUS_CLR Clears the EXT1 wakeup status. (WO)

Register 9.25: RTC_CNTL_EXT_WAKEUP1_STATUS_REG (0x00EO)

)
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&
<
S &7
Q?zé@ L7
§ &
’31 22|21 0‘
]oooooooooo| 0 ‘Reset

RTC_CNTL_EXT_WAKEUP1_STATUS Indicates the EXT1 wakeup status. (RO)
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9. Low-Power Management (RTC_CNTL)

Register 9.26: RTC_CNTL_SLP_REJECT_CAUSE_REG (0x0124)
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Q7
& o5
& &
\ooooooooooooooo| 0 \Reset
RTC_CNTL_REJECT_CAUSE Stores the reject-to-sleep cause. (RO)
Register 9.27: RTC_CNTL_SLP_WAKEUP_CAUSE_REG (0x012C)
<
S
&
\) 7/
%
&
Q7
& =
& &
\ooooooooooooooo 0 \Reset
RTC_CNTL_WAKEUP_CAUSE Stores the wakeup cause. (RO)
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9. Low-Power Management (RTC_CNTL)

Register 9.28: RTC_CNTL_INT_ENA_RTC_REG (0x0040)

O 7070707074070 70 7070 7«0 70 7.0 7O 7O 7O 7O 7
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R
o
Q

\oooooooooooooooooooooooooooooooo\Reset

RTC_CNTL_SLP_WAKEUP_INT_ENA Enables interrupts when the chip wakes up from sleep. (R/W)

RTC_CNTL_SLP_REJECT_INT_ENA Enables interrupts when the chip rejects to go to sleep. (R/W)

RTC_CNTL_RTC_WDT_INT_ENA Enables the RTC watchdog interrupt. (R/W)

RTC_CNTL_RTC_TOUCH_SCAN_DONE_INT_ENA Enables interrupts upon the completion of a
touch scanning. (R/W)

RTC_CNTL_RTC_ULP_CP_INT_ENA Enables the ULP co-processor interrupt. (R/W)

Continued on the next page...
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9. Low-Power Management (RTC_CNTL)

Register 9.28: RTC_CNTL_INT_ENA_RTC_REG (0x0040)

Continued from the previous page...

RTC_CNTL_RTC_TOUCH_DONE_INT_ENA Enables interrupts upon the completion of a single
touch. (R/W)

RTC_CNTL_RTC_TOUCH_ACTIVE_INT_ENA Enables interrupts when a touch is detected. (R/W)

RTC_CNTL_RTC_TOUCH_INACTIVE_INT_ENA Enables interrupts when a touch is released. (R/W)

RTC_CNTL_RTC_BROWN_OUT_INT_ENA Enables the brownout interrupt. (R/W)
RTC_CNTL_RTC_MAIN_TIMER_INT_ENA Enables the RTC main timer interrupt. (R/W)
RTC_CNTL_RTC_SARADC1_INT_ENA Enables the SAR ADC 1 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 ADC 2 interrupt. (R/W)
RTC_CNTL_RTC_SWD_INT_ENA Enables the super watchdog interrupt. (R/W)

RTC_CNTL_RTC_XTAL32K_DEAD_INT_ENA Enables interrupts when the 32 kHz crystal is dead.
R/W)

RTC_CNTL_RTC_COCPU_TRAP_INT_ENA Enables interrupts when the ULP-RISCV is trapped.
(R/W)

RTC_CNTL_RTC_TOUCH_TIMEOUT_INT_ENA Enables interrupts when touch sensor times out.
(R/W)

RTC_CNTL_RTC_GLITCH_DET_INT_ENA Enables interrupts when a glitch is detected. (R/W)

Espressif Systems 298 ESP32-S2 TRM (v1.1)
Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=1.1

9. Low-Power Management (RTC_CNTL)

Register 9.29: 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_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 brownout interrupt. (RO)
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 ADC 1 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 ADC 2 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)
Continued on the next page...
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9. Low-Power Management (RTC_CNTL)

Register 9.29: RTC_CNTL_INT_RAW_RTC_REG (0x0044)

Continued from the previous page...

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)
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9. Low-Power Management (RTC_CNTL)

Register 9.30: 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_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 brownout interrupt. (RO)
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 ADC 1 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 ADC 2 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)

Continued on the next page...
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9. Low-Power Management (RTC_CNTL)

Register 9.30: RTC_CNTL_INT_ST_RTC_REG (0x0048)

Continued from the previous page...

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)
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9. Low-Power Management (RTC_CNTL)

Register 9.31: RTC_CNTL_INT_CLR_RTC_REG (0x004C)
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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_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 brownout interrupt. (WO)
RTC_CNTL_RTC_MAIN_TIMER_INT_CLR Clears the RTC main timer interrupt. (WO)
RTC_CNTL_RTC_SARADC1_INT_CLR Clears the SAR ADC 1 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 ADC 2 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)

Continued on the next page...
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9. Low-Power Management (RTC_CNTL)

Register 9.31: RTC_CNTL_INT_CLR_RTC_REG (0x004C)

Continued from the previous page...

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)

Register 9.32: RTC_CNTL_STOREO_REG (0x0050)

’ 0 ‘ Reset

RTC_CNTL_RTC_SCRATCHO Reservation register 0. (R/W)

Register 9.33: RTC_CNTL_STORE1_REG (0x0054)
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s
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o
&
’ 0 ‘Reset
RTC_CNTL_RTC_SCRATCH1 Reservation register 1. (R/W)
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9. Low-Power Management (RTC_CNTL)

Register 9.34: RTC_CNTL_STORE2_REG (0x0058)
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’ 0 ‘ Reset

RTC_CNTL_RTC_SCRATCH2 Reservation register 2. (R/W)

Register 9.35: RTC_CNTL_STORE3_REG (0x005C)
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’ 0 ‘ Reset

RTC_CNTL_RTC_SCRATCH3 Reservation register 3. (R/W)

Register 9.36: RTC_CNTL_STORE4_REG (0x00BC)

’ 0 ‘ Reset

RTC_CNTL_RTC_SCRATCH4 Reservation register 4. (R/W)
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9. Low-Power Management (RTC_CNTL)

Register 9.37: RTC_CNTL_STORES5_REG (0x00CO0)
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’ 0 ‘ Reset

RTC_CNTL_RTC_SCRATCH5 Reservation register 5. (R/W)

Register 9.38: RTC_CNTL_STOREG6_REG (0x00C4)
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’ 0 ‘ Reset

RTC_CNTL_RTC_SCRATCH6 Reservation register 6. (R/W)

Register 9.39: RTC_CNTL_STORE7_REG (0x00C8)

’ 0 ‘ Reset

RTC_CNTL_RTC_SCRATCH7 Reservation register 7. (R/W)
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9. Low-Power Management (RTC_CNTL)

Register 9.40: RTC_CNTL_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 this bit to allow the software to FPD the 32 kHz crystal;
Reset this bit to allow the FSM to FPD the 32 kHz crystal. (R/W)

RTC_CNTL_ENCKINIT_XTAL_32K Set this bit to apply an internal clock to help the 32 kHz crystal
to start. (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)
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9. Low-Power Management (RTC_CNTL)

Register 9.41: RTC_CNTL_CLK_CONF_REG (0x0074)
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RTC_CNTL_CK8M_DIV_SEL_VLD Synchronizes the reg_ck8m_div_sel. Note that you have to in-
validate the bus before modifying the frequency divider, and then validate the new divider 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)

RTC_CNTL_CK8M_FORCE_PD Set this bit to FPD the 8 MHz clock. (R/W)
RTC_CNTL_CK8M_FORCE_PU Set this bit to FPU the 8 MHz clock. (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. (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)
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9. Low-Power Management (RTC_CNTL)

Register 9.42: RTC_CNTL_SLOW_CLK_CONF_REG (0x0078)
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RTC_CNTL_RTC_ANA_CLK_DIV_VLD Synchronizes the reg_rtc_ana_clk_div. Note that you have to
invalidate the bus before modifying the frequency divider, and then validate the new divider clock.
(RW)

RTC_CNTL_RTC_ANA_CLK DIV Set the divider for the RTC clock. (R/W)

Register 9.43: RTC_CNTL_XTAL32K_CLK_FACTOR_REG (0x00F0)

Q\
&O
©
o
R
v
oF
S
C) s
&

‘ 31 0 ‘
‘ 0x000000 \ Reset

RTC_CNTL_XTAL32K_CLK_FACTOR Configures the divider factor for the 32 kHz crystal oscillator.
RW)
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9. Low-Power Management (RTC_CNTL)

Register 9.44: RTC_CNTL_XTAL32K_CONF_REG (0x00F4)

S K N\
% N &7 ’
N > \al ¢
& S & &
9 5 <
\L-./ \k./ 7 %
& & & &
&\;Fv Q7 v ,\\;/év /\\;FV
S S < <
O Q7 O ¢
& & & &
‘31 28|27 20|19 4|3 0‘
\ 0x0 | Oxff | 0x00 | 0x0 \ Reset

RTC_CNTL_XTAL32K_RETURN_WAIT Defines the waiting cycles before returning to the normal 32
kHz crystal oscillator. (R/W)

RTC_CNTL_XTAL32K_RESTART_WAIT Defines the waiting cycles before restarting the 32 kHz crys-
tal oscillator. (R/W)

RTC_CNTL_XTAL32K_WDT_TIMEOUT Defines the waiting period for clock detection. If no clock is
detected after this period, the 32 kHz crystal oscillator can be regarded as dead. (R/W)

RTC_CNTL_XTAL32K_STABLE_THRES Defines the allowed restarting period, within which the 32
kHz crystal oscillator can be regarded as stable. (R/W)
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9. Low-Power Management (RTC_CNTL)

Register 9.45: RTC_CNTL_WDTCONFIGO_REG (0x0094)

Q QT
e@ Q7 Q/
S s O’
\ N ) \3
O SN O N
Q?:O & Q@OQ\V 7
o A 9 % < o &
s 0 © © «© R L T
< ) ) S @) ) < <
& S’ S S S RO
AN AN AN AN NEENE RN
N %4 %4 \% %4 %4 Qv QN RQ Qv
O O7 O7 O7 O7 O/ O7 O~ /"oQ’ (CX4 "o®
& & & & & OIS &
‘ 31 |30 28 | 27 25 | 24 22 |21 19 | 18 16 | 15 13|12 11|10 9 |8 0‘
‘ 0 0x0 0x0 0x0 0x0 Ox1 Ox1 tj]0f0|1fo 0 o o 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_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)

Note:
For details, please refer to Chapter 13 XTAL32K Watchdog Timer (XTWDT).
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9. Low-Power Management (RTC_CNTL)

Register 9.46: RTC_CNTL_WDTCONFIG1_REG (0x0098)

O
V'
0’}0
A7
N
\//
5
Q /
&

’ 31 0 ‘
’ 200000 \ Reset

RTC_CNTL_WDT_STGO_HOLD Configures the hold time of RTC watchdog at level 1. (R/W)

Register 9.47: RTC_CNTL_WDTCONFIG2_REG (0x009C)

\%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 9.48: RTC_CNTL_WDTCONFIG3_REG (0x00A0)

E ]

’ 0x000fff \ Reset

RTC_CNTL_WDT_STG2_HOLD Configures the hold time of RTC watchdog at level 3. (R/W)
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9. Low-Power Management (RTC_CNTL)

Register 9.49: RTC_CNTL_WDTCONFIG4_REG (0x00A4)

E ]

’ 0x000fff \ Reset

RTC_CNTL_WDT_STG3_HOLD Configures the hold time of RTC watchdog at level 4. (R/W)

Register 9.50: RTC_CNTL_WDTFEED_REG (0x00A8)

BE ]

]oooooooooooooooooooooooooooooooo\Reset

RTC_CNTL_RTC_WDT_FEED Set this bit to feed the RTC watchdog. (WO)

Register 9.51: RTC_CNTL_WDTWPROTECT_REG (0x00AC)

&
&7
&
&7
g ]
] 0x50d83aa ‘ Reset

RTC_CNTL_WDT_WKEY Sets the write protection key of the watchdog. (R/W)
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9. Low-Power Management (RTC_CNTL)

Register 9.52: RTC_CNTL_SWD_CONF_REG (0x00B0)

&7 & <O%O7

[ ]
\o|o|o|o| 300 |oooooooooooooooo|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_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 9.53: RTC_CNTL_SWD_WPROTECT_REG (0x00B4)

&d
Q7
\/%$
Qv
09
Q’S

‘ 0x8f1d312a \ Reset

RTC_CNTL_SWD_WKEY Sets the write protection key of the super watchdog. (R/W)
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Register 9.54: RTC_CNTL_SW_CPU_STALL_REG (0x00B8)

%
&
O
Q\
>
7/
o
,\\/
> GQ’&
O B
& ¢
‘31 26|25 0‘
\ 0 |oooooooooooooooooooooooooo\Reset

RTC_CNTL_SW_STALL_PROCPU_C1 When RTC_CNTL_SW_STALL_PROCPU_CO is configured
to Ox2, setting this bit to Ox21 stalls the CPU by SW. (R/W)
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Register 9.55:

N Q
& o)
&
N

AR

RTC_CNTL_PAD_HOLD_REG (0x00D4)

‘31 22|21|20|19|18|17|16|15|14|13|12|11|10|

[e [ lelslelo]o] ]
\o 0O 0 0000 0 0 o|o|o|o|o|o|o|o|o|0|0|o|o|0|0|0|0|0|0|0|0|0|0\Reset

RTC_CNTL_TOUCH_PADO_HOLD
RTC_CNTL_TOUCH_PAD1_HOLD
RTC_CNTL_TOUCH_PAD2_HOLD
RTC_CNTL_TOUCH_PAD3_HOLD
RTC_CNTL_TOUCH_PAD4_HOLD
RTC_CNTL_TOUCH_PAD5_HOLD
RTC_CNTL_TOUCH_PAD6_HOLD
RTC_CNTL_TOUCH_PAD7_HOLD
RTC_CNTL_TOUCH_PAD8_HOLD
RTC_CNTL_TOUCH_PADS9_HOLD
RTC_CNTL_TOUCH_PAD10_HOLD
RTC_CNTL_TOUCH_PAD11_HOLD
RTC_CNTL_TOUCH_PAD12_HOLD
RTC_CNTL_TOUCH_PAD13_HOLD

RTC_CNTL_TOUCH_PAD14_HOLD

Sets the touch GPIO 0 to the holding state. (R/W)
Sets the touch GPIO 1 to the holding state. (R/W)
Sets the touch GPIO 2 to the holding state. (R/W)
Sets the touch GPIO 3 to the holding state. (R/W)
Sets the touch GPIO 4 to the holding state. (R/W)
Sets the touch GPIO 5 to the holding state. (R/W)
Sets the touch GPIO 6 to the holding state. (R/W)
Sets the touch GPIO 7 to the holding state. (R/W)
Sets the touch GPIO 8 to the holding state. (R/W)
Sets the touch GPIO 9 to the holding state. (R/W)
Sets the touch GPIO 10 to the holding state. (R/W)
Sets the touch GPIO 11 to the holding state. (R/W)
Sets the touch GPIO 12 to the holding state. (R/W)
Sets the touch GPIO 13 to the holding state. (R/W)

Sets the touch GPIO 14 to the holding state. (R/W)

RTC_CNTL_X32P_HOLD Sets the x32p to the holding state. (R/W)

RTC_CNTL_X32N_HOLD Sets the x32n to the holding state. (R/W)

RTC_CNTL_PDAC1_HOLD Sets the pdac1 to the holding state. (R/W)

RTC_CNTL_PDAC2_HOLD Sets the pdac? to the holding state. (R/W)

RTC_CNTL_RTC_PAD19_HOLD Sets the RTG GPIO 19 to the holding state. (R/W)

RTC_CNTL_RTC_PAD20_HOLD Sets the RTG GPIO 20 to the holding state. (R/W)

RTC_CNTL_RTC_PAD21_HOLD Sets the RTG GPIO 21 to the holding state. (R/W)
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Register 9.56: RTC_CNTL_DIG_PAD_HOLD_REG (0x00D8)

O
%
o5
QX
o
7/
&
&
‘ 31 0 ‘
‘ 0 ‘ Reset

RTC_CNTL_DIG_PAD_HOLD Set GPIO 21 to GPIO 45 to the holding state. (See bitmap to locate
any GPIO). (R/W)
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9. Low-Power Management (RTC_CNTL)

Register 9.57: RTC_CNTL_BROWN_OUT_REG (0x00E4)

@?‘
s \y%%\/
& o
Qé O\g\ é<>/ e?‘ ?\ Qgi(/%((/ ?é v
S ST S8 S 07aY &7 &
%/O&/&/ K7 &7 < P /\>% &7
Q\O\ioioo %Oi > %OO %OO%OO %OO %Oo
OO Q0 S0 © S0 9 9
&\/gi\/gi\\/?Q\ /g\/Q)i\\/Q)Q\ «\/?Q\ &\/?i\\/?Q\ &\/Q\ &\/?Q\
(D0 00 o o S N
ELLELL & &L & & &
\o olofofolo Oxa3ff o]o oxaff 0 0 o0 1\Reset
RTC_CNTL_BROWN_OUT2_ENA Enables the brown_out2 to initiate a chip reset. (R/W)
RTC_CNTL_BROWN_OUT_INT_WAIT Configures the waiting cycles before sending an interrupt.
(R/W)

RTC_CNTL_BROWN_OUT_CLOSE_FLASH_ENA Set this bit to enable PD the flash when a brown-
out happens. (R/W)

RTC_CNTL_BROWN_OUT_PD_RF_ENA Set this bit to enable PD the RF circuits when a brown-out
happens. (R/W)

RTC_CNTL_BROWN_OUT_RST_WAIT Configures the waiting cycles before the reset after a brown-
out. (R/W)

RTC_CNTL_BROWN_OUT_RST_ENA Enables to reset brown-out. (R/W)

RTC_CNTL_BROWN_OUT_RST_SEL Selects the reset type when a brown-out happens. 1: chip
reset, O: system reset. (R/W)

RTC_CNTL_BROWN_OUT_CNT_CLR Clears the brown-out counter. (WO)

RTC_CNTL_BROWN_OUT_ENA Set this bit to enable brown-out detection. (R/W)

RTC_CNTL_RTC_BROWN_OUT_DET Indicates the status of the brown-out signal. (RO)
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10. System Timer (SYSTIMER)

10. System Timer (SYSTIMER)

10.1 Overview

System timer is a 64-bit timer specially for operating system. It can be used to schedule operating system tasks
by generating periodical system ticks or certain time delay interrupts. With the help of RTC timer, system timer
can keep updated after Light-sleep or Deep-sleep.

10.2 Main Features
e A 64-bit timer

Clocked with APB_CLK
¢ Timer value increment step can be configured for each APB_CLK cycle.

e Support automatic time compensation in case of APB_CLK clock source switching between PLL_CLK and
XTAL_CLK, to improve timer accuracy.

Generate three independent interrupts based on different alarm values or periods (targets).

Support for 64-bit alarm values and 30-bit periods.

Load back sleep time recorded by RTC timer after Deep-sleep or Light-sleep by software.

Keep stalled if CPU is stalled or CPU is in on-chip-debugging mode.

10.3 Clock Source Selection

The System Timer is driven using XTAL_CLK or PLL_CLK clock. Selection between the two clock sources is
described in Table CPU_CLK Source in Chapter 6 Reset and Clock. For the specific clock frequency used for the
System Timer, please refer to Table 51 APB_CLK Source. On each clock period the timer will be increased by a
step value configured in either SYSTIMER_TIMER_XTAL_STEP or SYSTIMER_TIMER_PLL_STEP, depending on
which clock source is used.

10.4 Functional Description

PLL  XTAL

vy

SYSTIMER_TARGETx_WORK_EN
SYSTIMER_TARGETx_PERIOD_MODE

APB_CLK SYSTIMER_TARGETx_PERIOD
SYSTIMER_TIMER_TARGETx_LO
SYSTEM_SYSTIMER_CLK_EN SYSTIMER_TIMER_TARGETx_HI
SYSTIMER_TIMER_PLL_STEP Timer Timer CPU
Timer value Timer Interrupt x
SYSTIMER_TIMER_XTAL STEP | [ ™ Counter > Comparator x > In'\t/lertrL_th
> atrix

Figure 10-1. System Timer Structure

Figure 10-1 shows the structure of system timer. The system timer can be enabled by setting the bit
SYSTEM_SYSTIMER_CLK_EN in register SYSTEM_PERIP_CLK_ENO_REG and be reset via software by setting
the bit SYSTEM_SYSTIMER_RST in register SYSTEM_PERIP_RST_ENO_REG. For more information, please refer

Espressif Systems 319 ESP32-S2 TRM (v1.1)
Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=1.1

10. System Timer (SYSTIMER)

to Table 89 Peripheral Clock Gating and Reset Bits in Chapter 15 System Registers (SYSTEM).

10.4.1 Read System Timer Value

1.

Set SYSTIMER_TIMER_UPDATE to update the timer value into registers.

2. Wait till SYSTIMER_TIMER_VALUE_VALID is set, which means users now can read the timer values from

registers.

3. Read the high 32 bits of the timer value from SYSTIMER_TIMER_VALUE_HI, and the low 32 bits from

SYSTIMER_TIMER_VALUE_LO.

10.4.2 Configure a Time-Delay Alarm

1.

Read the current value of system timer, see Section 10.4.1. This value will be used to calculate the target in
Step 3.

. Clear SYSTIMER_TARGETx_PERIOD_MODE to set the timer into a time-delay alarm mode.

Write the high 32 bits of the target (alarm value) to SYSTIMER_TIMER_TARGETx_HI, and the low 32 bits to
SYSTIMER_TIMER_TARGETx_LO.

Set SYSTIMER_TARGETx_WORK_EN to enable the selected work mode.

Set SYSTIMER_INTx_ENA to enable timer interrupt. When the timer counts to the alarm value, an interrupt
will be triggered.

10.4.3 Configure Periodic Alarms

1.
2,
3.
4,

Set SYSTIMER_TARGETx_PERIOD_MODE to configure the timer into periodic alarms mode.
Write the target (alarm period) to SYSTIMER_TARGETx_PERIOD.
Set SYSTIMER_TARGETx_WORK_EN to enable periodical alarms mode.

Set SYSTIMER_INTx_ENA to enable timer interrupt. An interrupt will be triggered when the timer counts to
the target value set in Step 2.

10.4.4 Update after Deep-sleep and Light-sleep

1.
2.

3.

Configure RTC timer before the chip goes to Deep-sleep or Light-sleep, to record the exact sleep time.
Read the sleep time from RTC timer when the chip is woken up from Deep-sleep or Light-sleep.
Read current value of the system timer. See Section 10.4.1 for how to read the timer value.

Add current value of the system timer to the time that RTC timer records in Deep-sleep mode or in
Light-sleep mode.

Write the result into SYSTIMER_TIMER_LOAD_HI (high 32 bits), and into SYSTIMER_TIMER_LOAD_LO
(low 32 bits).

Set SYSTIMER_TIMER_LOAD to load the new value stored in SYSTIMER_TIMER_LOAD_HI and
SYSTIMER_TIMER_LOAD_LO into the system timer. By such way, the system timer is updated.

10.5 Base Address

Users can access system timer registers with two base addresses, which can be seen in the following table. For
more information about accessing peripherals from different buses please see Chapter 3: System and
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Memory.

Table 69: System Timer Base Address

Bus to Access Peripheral | Base Address
PeriBUST O0x3F423000
PeriBUS2 0x60023000

10.6 Register Summary

The addresses in the following table are relative to system timer base addresses provided in Section 10.5.

Name ‘ Description Address | Access
System Timer Registers
SYSTIMER_CONF_REG Configure system timer clock 0x0000 | R/W
SYSTIMER_LOAD_REG Load value to system timer 0x0004 | WO
SYSTIMER_LOAD_HI_REG High 32 bits to be loaded to system timer 0x0008 | R/W
SYSTIMER_LOAD_LO_REG Low 32 bits to be loaded to system timer 0x000C | R/W
SYSTIMER_STEP_REG System timer accumulation step 0x0010 | R/'W
SYSTIMER_TARGETO_HI_REG System timer target 0, high 32 bits 0x0014 | R/W
SYSTIMER_TARGETO_LO_REG System timer target O, low 32 bits 0x0018 | R/W
SYSTIMER_TARGET1_HI_REG System timer target 1, high 32 bits 0x001C | RW
SYSTIMER_TARGET1_LO_REG System timer target 1, low 32 bits 0x0020 | R/W
SYSTIMER_TARGET2_HI_REG System timer target 2, high 32 bits 0x0024 | R/W
SYSTIMER_TARGET2_LO_REG System timer target 2, low 32 bits 0x0028 | R/W
SYSTIMER_TARGETO_CONF_REG Configure work mode for system timer target 0 | Ox002C | R/W
SYSTIMER_TARGET1_CONF_REG Configure work mode for system timer target 1 | Ox0030 | R/W
SYSTIMER_TARGET2_CONF_REG Configure work mode for system timer target 2 | Ox0034 | R/W
SYSTIMER_UPDATE_REG Read out system timer value 0x0038 | varies
SYSTIMER_VALUE_HI_REG System timer value, high 32 bits 0x003C | RO
SYSTIMER_VALUE_LO_REG System timer value, low 32 bits 0x0040 | RO
SYSTIMER_INT_ENA_REG System timer interrupt enable 0x0044 | R/W
SYSTIMER_INT_RAW_REG System timer interrupt raw 0x0048 | RO
SYSTIMER_INT_CLR_REG System timer interrupt clear 0x004C | WO
Version Register
SYSTIMER_DATE_REG Version control register Ox00FC | R/W
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10.7 Registers

Register 10.1: SYSTIMER_CONF_REG (0x0000)

ol N\
,&\@Q/ (@b
&

A

SYSTIMER_CLK_FO System timer clock force enable. (R/W)

SYSTIMER_CLK_EN Register clock enable. (R/W)

Register 10.2: SYSTIMER_LOAD_REG (0x0004)

‘31 30

|

\oooooooooooooooooooooooooooooooo\Reset

SYSTIMER_TIMER_LOAD Set this bit to 1, the value stored in SYSTIMER_TIMER_LOAD_HI and in

SYSTIMER_TIMER_LOAD_LO will be loaded to system timer. (WO)

Register 10.3: SYSTIMER_LOAD_HI_REG (0x0008)

B

‘ Reset

SYSTIMER_TIMER_LOAD_HI The value to be loaded into system timer, high 32 bits. (R/W)
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Register 10.4: SYSTIMER_LOAD_LO_REG (0x000C)

R
&
/\\*\(g/
N /
S
= ]
’ 0 ‘ Reset

SYSTIMER_TIMER_LOAD_LO The value to be loaded into system timer, low 32 bits. (R/W)

Register 10.5: SYSTIMER_STEP_REG (0x0010)

2
= £
> v
Q?\ 7 Qg\ /
Q/\@\ N
\ 7 7
& N N
& S S
N = ©
’ 31 20| 19 109 0 ‘
’ O 0 0 0o 0O O O o o o o o 1 80 ‘ Reset

SYSTIMER_TIMER_XTAL_STEP Set system timer increment step when using XTAL_CLK. (R/W)

SYSTIMER_TIMER_PLL_STEP Set system timer increment step when using PLL_CLK. (R/W)

Register 10.6: SYSTIMER_TARGETO_HI_REG (0x0014)

’ 0 ‘ Reset

SYSTIMER_TIMER_TARGETO_HI System timer target O, high 32 bits. (R/W)

Espressif Systems 323 ESP32-S2 TRM (v1.1)
Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=1.1

10. System Timer (SYSTIMER)

Register 10.7: SYSTIMER_TARGETO0_LO_REG (0x0018)

/\0\’9
<
&
N
Q\/
N
2

’ 31 0 ‘
’ 0 ‘ Reset

SYSTIMER_TIMER_TARGETO_LO System timer target O, low 32 bits. (R/W)

Register 10.8: SYSTIMER_TARGET1_HI_REG (0x001C)

QD
&
©
Q‘&VQ\
N
Q\/
N
6\%

E 5
’ 0 ‘ Reset

SYSTIMER_TIMER_TARGET1_HI System timer target 1, high 32 bits. (R/W)

Register 10.9: SYSTIMER_TARGET1_LO_REG (0x0020)

&
©
Q‘&VQ\
N
(<</2\/
£

E 5
’ 0 ‘ Reset

SYSTIMER_TIMER_TARGET1_LO System timer target 1, low 32 bits. (R/W)
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Register 10.10: SYSTIMER_TARGET2_HI_REG (0x0024)

’ 0 ‘ Reset

SYSTIMER_TIMER_TARGET2_HI System timer target 2, high 32 bits. (R/W)

Register 10.11: SYSTIMER_TARGET2_LO_REG (0x0028)

’ 0 ‘ Reset

SYSTIMER_TIMER_TARGET2_LO System timer target 2, low 32 bits. (R/W)

Register 10.12: SYSTIMER_TARGET0_CONF_REG (0x002C)

<
Q
Aol ®
\goq@ &
Q}Q/ Q7 Q}Q/
o &
Q\/ Q\/ Q\/
sa® s
N S
’ 31 30 | 29 0‘
’ olo 0x000000 \Reset

SYSTIMER_TARGETO_PERIOD Set alarm period for system timer target O, only valid in periodic
alarms mode. (R/W)

SYSTIMER_TARGETO_PERIOD_MODE Set work mode for system timer target 0. O: work in a time-
delay alarm mode; 1: work in periodic alarms mode. (R/W)

SYSTIMER_TARGETO_WORK_EN System timer target O work enable. (R/W)
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Register 10.13: SYSTIMER_TARGET1_CONF_REG (0x0030)

<
Q
7
NN 7 N/
F S &
P &
(<</2\/(<</2\/ (<</2\/
A N
\\% \\% 6\%

o)

‘ 31 | 30 |29 0‘

‘ 0 | 0 | 0x000000 \Reset

SYSTIMER_TARGET1_PERIOD Set alarm period for system timer target 1, only valid in periodic
alarms mode. (R/W)

SYSTIMER_TARGET1_PERIOD_MODE Set work mode for system timer target 1. O: work in a time-
delay alarm mode; 1: work in periodic alarms mode. (R/W)

SYSTIMER_TARGET1_WORK_EN System timer target 1 work enable. (R/W)

Register 10.14: SYSTIMER_TARGET2_CONF_REG (0x0034)

N
Q
S o
YA ©
&OQVS‘ &
(]// Q// Q//
2
OO @
L &
R Yol
A o
2N S
‘ 31 30 |29 0 ‘
\ ofo 0x000000 \Reset

SYSTIMER_TARGET2_PERIOD Set alarm period for sytem timer target 2, only valid in periodic
alarms mode. (R/W)

SYSTIMER_TARGET2_PERIOD_MODE Set work mode for system timer target 2. 0: work in a time-
delay alarm mode; 1: work in periodic alarms mode. (R/W)

SYSTIMER_TARGET2_WORK_EN System timer target 2 work enable. (R/W)
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10. System Timer (SYSTIMER)

Register 10.15: SYSTIMER_UPDATE_REG (0x0038)

Q
v\/
&
XD
NiKs
Q\/ Q\/
A
Q\/ Q\/ \
/\\&/\\@Q/ &
) 3
) @

‘31|30|29 0‘

\o|o|oooooooooooooooooooooooooooooo\Rese»c

SYSTIMER_TIMER_VALUE_VALID Check if it is valid to read out timer value from registers. 0: Not
ready to read timer value from registers; 1: Ready to read timer value from registers. (RO)

SYSTIMER_TIMER_UPDATE Update system timer value to registers. (WO)

Register 10.16: SYSTIMER_VALUE_HI_REG (0x003C)

E ]

‘ 0 ‘Reset

SYSTIMER_TIMER_VALUE_HI System timer value, high 32 bits. (RO)

Register 10.17: SYSTIMER_VALUE_LO_REG (0x0040)

O
o@y
&
Q\ /
e
Q\ /
N

2

E ]

‘ 0 ‘Reset

SYSTIMER_TIMER_VALUE_LO System timer value, low 32 bits. (RO)
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Register 10.18: SYSTIMER_INT_ENA_REG (0x0044)

QPN e
.88
OO
) S
5 PO
& Y
2 1 0 ‘

SYSTIMER_INTO_ENA Interrupt enable bit of system timer target 0. (R/W)
SYSTIMER_INT1_ENA Interrupt enable bit of system timer target 1. (R/W)

SYSTIMER_INT2_ENA Interrupt enable bit of system timer target 2. (R/W)

Register 10.19: SYSTIMER_INT_RAW_REG (0x0048)

S
&q/ / &\ / &Q 7
SeSeS
N
& FEE
& FANND
N )
2 1 0

SYSTIMER_INTO_RAW Interrupt raw bit of system timer target 0. (RO)
SYSTIMER_INT1_RAW Interrupt raw bit of system timer target 1. (RO)

SYSTIMER_INT2_RAW Interrupt raw bit of system timer target 2. (RO)

Register 10.20: SYSTIMER_INT_CLR_REG (0x004C)

ot
SO
\ 7 7 e
5 PO
& FOR N
2 1 0 ‘

SYSTIMER_INTO_CLR Interrupt clear bit of system timer target 0. (WO)
SYSTIMER_INT1_CLR Interrupt clear bit of system timer target 1. (WO)

SYSTIMER_INT2_CLR Interrupt clear bit of system timer target 2. (WO)
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Register 10.21: SYSTIMER_DATE_REG (0x00FC)

al
Q\/
o
s
‘ 0x1807160 \ Reset
SYSTIMER_DATE \Version control register. (R/W)
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11. Timer Group (TIMG)

11.

11.1

Overview

Timer Group (TIMG)

General purpose timers can be used to precisely time an interval, trigger an interrupt after a particular interval

(periodically and aperiodically), or act as a hardware clock. As shown in Figure 11-1, the ESP32-S2 chip contains
two timer groups, namely timer group 0 and timer group 1. Each timer group consists of two general purpose
timers referred to as Tx (where x is O or 1) and one Main System Watchdog Timer. All general purpose timers are

based on 16-bit prescalers and 64-bit auto-reload-capable up/down counters.

Timer Group 0
Timer 0 Timer 1 Wat.chdog
0 T1) Timer
(T0) ( (WDT)
Timer Group 1
Timer O Timer 1 Wat.chdog
0 - Timer
(T0) (T1) (WDT)

Figure 11-1. Timer Units within Groups

Note that while the Main System Watchdog Timer registers are described in this chapter, their functional
description is included in the Chapter 12: Watchdog Timers. Therefore, the term ‘timers’ within this chapter refers

to the general purpose timers.
The timers’ features are summarized as follows:

e A 16-bit clock prescaler, from 1 to 65536

Espressif Systems

Halting and resuming the time-base counter

Programmable alarm generation

Level and edge interrupt generation

Able to read real-time value of the time-base counter
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A 64-bit time-base counter programmable to be incrementing or decrementing

Timer value reload (Auto-reload at alarm or software-controlled instant reload)
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11. Timer Group (TIMG)

11.2 Functional Description

11.2.1 16-bit Prescaler and Clock Selection

Each timer can select between the APB clock (APB_CLK) or external clock (XTAL_CLK) as its clock source by
setting the TIMG_Tx_USE_XTAL field of the TIMG_TxCONFIG_REG register. The clock is then divided by a 16-bit
prescaler to generate the time-base counter clock (TB_CLK) used by the time-base counter. The 16-bit prescaler
is configured by the TIMG_Tx_DIVIDER field and can take any value from 1 to 65536. Note that programming a
value of 0 in TIMG_Tx_DIVIDER will result in the divisor being 65536.

The timer must be disabled (i.e. TIMG_Tx_EN should be cleared) before modifying the 16-bit prescaler. Modifying
the 16-bit prescaler whilst the timer is enabled can lead to unpredictable results.

11.2.2 64-bit Time-based Counter

The 64-bit time-base counters are based on TB_CLK and can the configured to increment or decrement via the
TIMG_Tx_INCREASE field. The time-base counter can be enabled/disabled by setting/clearing the TIMG_Tx_EN
field. Whilst enabled, the time-base counter will increment/decrement on each cycle of TB_CLK. When disabled,
the time-base counter is essentially frozen. Note that the TIMG_Tx_INCREASE field can be changed whilst
TIMG_Tx_EN is set and will cause the time-base counter to change direction instantly.

To read the 64-bit current timer value of the time-base counter, the timer value must be latched to two registers
before being read by the CPU (due to the CPU being 32-bit). By writing any value to the TIMG_TxUPDATE_REG,
the current value of the 64-bit timer is instantly latched into the TIMG_TxLO_REG and TIMG_TxHI_REG registers
containing the lower and upper 32-bits respectively. TIMG_TxLO_REG and TIMG_TxHI_REG registers will remain
unchanged for the CPU to read in its own time until TIMG_TxUPDATE_REG is written to again.

11.2.3 Alarm Generation

A timer can be configured to trigger an alarm when the timer’s current value matches the alarm value. An alarm
will cause an interrupt to occur and (optionally) an automatic reload of the timer’s current value (see Section
11.2.4). The 64-bit alarm value is configured in the TIMG_TxALARMLO_REG and TIMG_TxALARMHI_REG
representing the lower and upper 32-bits of the alarm value respectively. However, the configured alarm value is
ineffective until the alarm is enabled by setting the TIMG_Tx_ALARM_EN field. In order to simply the scenario
where the alarm is enabled ‘too late’ (i.e. the timer value has already passed the alarm value when the alarm is
enabled), the alarm value will also trigger immediately if the current timer value is larger/smaller than the alarm
value for an up-counting/down-counting timer.

When an alarm occurs, the TIMG_Tx_ALARM_EN field is automatically cleared and no alarm will occur again until
the TIMG_Tx_ALARM_EN is set.

11.2.4 Timer Reload

A timer is reloaded when a timer’s current value is overwritten with a reload value stored in the
TIMG_Tx_LOAD_LO and TIMG_Tx_LOAD_HI registers that correspond to the lower and upper 32-bits of the
timer’s new value respectively. However, writing a reload value to TIMG_Tx_LOAD_LO and TIMG_Tx_LOAD_HI
will not cause the timer’s current value to change. Instead, the reload value is ignored by the timer until a reload
event occurs. A reload event can be triggered either by a software instant reload or an auto-reload at

alarm.

A software instant reload is triggered by the CPU writing any value to TIMG_TxLOAD_REG causing the timer’s
current value to be instantly reloaded. If TIMG_Tx_EN is set, the timer will continue incrementing/decrementing
from the new value. If TIMG_Tx_EN is cleared, the timer will remain frozen at the new value until counting is
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11. Timer Group (TIMG)

re-enabled.

An auto-reload at alarm will cause a timer reload when an alarm occurs thus allowing the timer to continue
incrementing/decrementing from the reload value. This is generally useful for resetting the timer’s value when
using periodic alarms. To enable auto-reload at alarm, the TIMG_Tx_AUTORELOAD field should be set. If not
enabled, the timer’s value will continue to increment/decrement past the alarm value after an alarm.

11.2.5 Interrupts
Each timer has its own pair of interrupt lines (for edge and level interrupts) that can be routed to the CPU. Thus,
there are a total of six interrupt lines per timer group and they are named as follows:

e TIMG_WDT_LEVEL_INT: Level interrupt line for the watchdog timer in the group, generated when a
watchdog timer interrupt stage times out.

e TIMG_WDT_EDGE_INT: Edge interrupt line for the watchdog timer in the group, generated when a
watchdog timer interrupt stage times out.

e TIMG_Tx_LEVEL_INT: Level interrupt for one of the general purpose timers, generated when an alarm event
happens.

e TIMG_Tx_EDGE_INT: Edge interrupt for one of the general purpose timer, generated when an alarm event
happens.

Interrupts are triggered after an alarm (or stage timeout for watchdog timers) occurs. Level interrupt lines will be
held high after an alarm (or stage timeout) occurs, and will remain so until manually cleared. Conversely, edge
interrupts will generate a short pulse after an alarm (or stage timeout) occurs. To enable a timer’s level or edge
interrupt lines, the TIMG_Tx_LEVEL_INT_EN or TIMG_Tx_EDGE_INT_EN bits should be set respectively.

The interrupts of each timer group are governed by a set of registers. Each timer within the group will have a
corresponding bit in each of these registers:

o TIMG_Tx_INT_RAW : An alarm event sets it to 1. The bit will remain set until writing to the timer’s
corresponding bit in TIMG_Tx_INT_CLR.

e TIMG_WDT_INT_RAW : A stage time out will set the timer’s bit to 1. The bit will remain set until writing to
the timer’s corresponding bit in TIMG_WDT_INT_CLR.

e TIMG_Tx_INT_ST : Reflects the status of each timer’s interrupt and is generated by masking the bits of
TIMG_Tx_INT_RAW with TIMG_Tx_INT_ENA. For level interrupts, these bits reflect the level on the
watchdog timer’s level interrupt line.

e TIMG_WDT_INT_ST : Reflects the status of each watchdog timer’s interrupt and is generated by masking
the bits of TIMG_WDT_INT_RAW with TIMG_WDT_INT_ENA. For level interrupts, these bits reflect the level
on the watchdog timer’s level interrupt line.

e TIMG_Tx_INT_ENA : Used to enable or mask the interrupt status bits of timers within the group.
e TIMG_WDT_INT_ENA : Used to enable or mask the interrupt status bits of watchdog timer within the group.

e TIMG_Tx_INT_CLR : Used to clear a timer’s interrupt by setting its corresponding bit to 1. The timer’s
corresponding bit in TIMG_Tx_INT_RAW and TIMG_Tx_INT_ST will be cleared as a result. Note that a
timer’s interrupt must be cleared before the next interrupt occurs when using level interrupts.

e TIMG_WDT_INT_CLR : Used to clear a timer’s interrupt by setting its corresponding bit to 1. The watchdog
timer’s corresponding bit in TIMG_WDT_INT_RAW and TIMG_WDT_INT_ST will be cleared as a result.
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Note that a watchdog timer’s interrupt must be cleared before the next interrupt occurs when using level
interrupts.

11.3 Configuration and Usage

11.3.1 Timer as a Simple Clock
1. Configure the time-base counter

e Select clock source by setting TIMG_Tx_USE_XTAL field.
e Configure the 16-bit prescaler by setting TIMG_Tx_DIVIDER.
e Configure the timer direction by setting/clearing TIMG_Tx_INCREASE.

e Set the timer’s starting value by writing the starting value to TIMG_Tx_LOAD_LO and
TIMG_Tx_LOAD_HI, then reloading it into the timer by writing any value to TIMG_TxLOAD_REG.

2. Start the timer by setting TIMG_Tx_EN.
3. Get the timer’s current value.
e Write any value to TIMG_TxUPDATE_REG to latch the timer’s current value.

¢ Read the latched timer value from TIMG_TxLO_REG and TIMG_TxHI_REG.

11.3.2 Timer as One-shot Alarm
1. Configure the time-base counter following step 1 of Section 11.3.1.

2. Configure the alarm.
e Configure the alarm value by setting TIMG_TxALARMLO_REG and TIMG_TxALARMHI_REG.

¢ Enable interrupt by setting TIMG_Tx_LEVEL_INT_EN or TIMG_Tx_EDGE_INT_EN for level or edge
interrupts respectively.

3. Disable auto reload by clearing TIMG_Tx_AUTORELOAD.
4. Start the timer by setting TIMG_Tx_EN.
5. Handle the alarm interrupt.
e Clear the interrupt by setting the timer’s corresponding bit in TIMG_Tx_INT_CLR.

¢ Disable the timer by clearing TIMG_Tx_EN.
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11.3.3 Timer as Periodic Alarm
1. Configure the time-base counter following step 1 of Section 11.3.1.

2. Configure the alarm following step 2 of Section 11.3.2.

3. Enable auto reload by setting TIMG_Tx_AUTORELOAD and setting the reload value in TIMG_Tx_LOAD_LO
and TIMG_Tx_LOAD_HI.

4. Start the timer by setting TIMG_Tx_EN.
5. Handle the alarm interrupt (repeat on each alarm iteration).
e Clear the interrupt by setting the timer’s corresponding bit in TIMG_Tx_INT_CLR.

e |f the next alarm requires a new alarm value and reload value (i.e. different alarm interval per iteration),
then TIMG_TXALARMLO_REG, TIMG_TXALARMHI_REG, TIMG_Tx_LOAD_LO, and
TIMG_Tx_LOAD_HI should be reconfigured as needed. Otherwise, the aforementioned registers
should remain unchanged.

¢ Re-enable the alarm by setting TIMG_Tx_ALARM_EN.
6. Stop the timer (on final alarm iteration).
e Clear the interrupt by setting the timer’s corresponding bit in TIMG_Tx_INT_CLR.

¢ Disable the timer by clearing TIMG_Tx_EN.

11.4 Base Address

Users can access the 64-bit Timer with four base addresses, which can be seen in the following table. For more
information about accessing peripherals from different buses please see Chapter 3 Systerm and Memory.

Table 71: 64-bit Timers Base Address

Module | Bus to Access Peripheral | Base Address
PeriBUS1 Ox3F41F000
TIMGO -
PeriBUS2 0x6001F000
PeriBUS1 0x3F420000
TIMG1 _
PeriBUS2 0x60020000

11.5 Register Summary
The addresses in the following table are relative to the 64-bit Timer base addresses provided in Section
11.4.

Name ‘ Description Address | Access

Timer 0 Configuration and Control Register

TIMG_TOCONFIG_REG Timer O configuration register 0x0000 | R/W

TIMG_TOLO_REG Timer O current value, low 32 bits 0x0004 | RO

TIMG_TOHI_REG Timer O current value, high 32 bits 0x0008 | RO

TIMG_TOUPDATE_REG Write to copy current timer value to | OxO00C | R/W

TIMG_TOLO_REG or TIMG_TOHI_REG

TIMG_TOALARMLO_REG Timer O alarm value, low 32 bits 0x0010 | R/W

TIMG_TOALARMHI_REG Timer O alarm value, high bits 0x0014 | R/W
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Name Description Address | Access
TIMG_TOLOADLO_REG Timer 0 reload value, low 32 bits 0x0018 | R/W
TIMG_TOLOADHI_REG Timer O reload value, high 32 bits 0x001C | RW
TIMG_TOLOAD_REG Write to reload timer from | 0x0020 | WO
TIMG_TOLOADLO_REG or
TIMG_TOLOADHI_REG
Timer 1 Configuration and Control Register
TIMG_T1CONFIG_REG Timer 1 configuration register 0x0024 | R/W
TIMG_T1LO_REG Timer 1 current value, low 32 bits 0x0028 | RO
TIMG_T1HI_REG Timer 1 current value, high 32 bits 0x002C | RO
TIMG_T1UPDATE_REG Write to copy current timer value to | Ox0030 | R/W
TIMG_T1LO_REG or TIMG_T1HI_REG
TIMG_T1ALARMLO_REG Timer 1 alarm value, low 32 bits 0x0034 | R/W
TIMG_T1ALARMHI_REG Timer 1 alarm value, high bits 0x0038 | R/W
TIMG_T1LOADLO_REG Timer 1 reload value, low 32 bits 0x003C | R/W
TIMG_T1LOADHI_REG Timer 1 reload value, high 32 bits 0x0040 | R/W
TIMG_T1LOAD_REG Write to reload timer from | Ox0044 | WO
TIMG_T1LOADLO_REG or
TIMG_T1LOADHI_REG
Configuration and Control Register for WDT
TIMG_WDTCONFIGO_REG Watchdog timer configuration register 0x0048 | R/W
TIMG_WDTCONFIG1_REG Watchdog timer prescaler register 0x004C | R/W
TIMG_WDTCONFIG2_REG Watchdog timer stage 0 timeout value 0x0050 | R/W
TIMG_WDTCONFIG3_REG Watchdog timer stage 1 timeout value 0x0054 | R/W
TIMG_WDTCONFIG4_REG Watchdog timer stage 2 timeout value 0x0058 | R/W
TIMG_WDTCONFIG5_REG Watchdog timer stage 3 timeout value 0x005C | R/W
TIMG_WDTFEED_REG Write to feed the watchdog timer 0x0060 | WO
TIMG_WDTWPROTECT_REG Watchdog write protect register 0x0064 | R/W
Configuration and Control Register for RTC CALI
TIMG_RTCCALICFG_REG RTC calibration configuration register 0x0068 | varies
TIMG_RTCCALICFG1_REG RTC calibration configuration register 1 0x006C | RO
TIMG_RTCCALICFG2_REG Timer group calibration register OxO0A8 | varies
Configuration and Control Register for LACT
TIMG_LACTCONFIG_REG LACT configuration register 0x0070 | R/W
TIMG_LACTRTC_REG LACT RTC register 0x0074 | R/'W
TIMG_LACTLO_REG LACT low register 0x0078 | RO
TIMG_LACTHI_REG LACT high register 0x007C | RO
TIMG_LACTUPDATE_REG LACT update register 0x0080 | WO
TIMG_LACTALARMLO_REG LACT alarm low register 0x0084 | R/'W
TIMG_LACTALARMHI_REG LACT alarm high register 0x0088 | R/W
TIMG_LACTLOADLO_REG LACT load low register 0x008C | R/W
TIMG_LACTLOADHI_REG Timer LACT load high register 0x0090 | R/W
TIMG_LACTLOAD_REG Timer LACT load register 0x0094 | WO

Interrupt Register
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Name Description Address | Access
TIMG_INT_ENA_TIMERS_REG Interrupt enable bits 0x0098 | R/W
TIMG_INT_RAW_TIMERS_REG Raw interrupt status 0x009C | RO
TIMG_INT_ST_TIMERS_REG Masked interrupt status 0x00AO0 | RO
TIMG_INT_CLR_TIMERS_REG Interrupt clear bits Ox00A4 | WO
Version Register

TIMG_TIMERS_DATE_REG | Version control register | ox00F8 | R/W
Configuration Register

TIMG_REGCLK_REG ‘ Timer group clock gate register ‘ Ox00FC ‘ R/W

11.6 Registers

Register 11.1: TIMG_TxCONFIG_REG (x: 0-1) (0x0000+0x24*x)

< OVQ &/e’\%
N

&%\OQ@/ 0(3 ‘<§<<>§<%‘M/v

& U 2 SF I

YVl o ororere &

NS & RS &
‘31|30|29|28 13|12|11|10|9|8 0‘
\o|1|1| 0x01 |o|o|o|o|ooooooooo\Reset

TIMG_Tx_USE_XTAL 1: Use XTAL_CLK as the source clock of timer group. 0: Use APB_CLK as the
source clock of timer group. (R/W)

TIMG_Tx_ALARM_EN When set, the alarm is enabled. This bit is automatically cleared once an alarm
occurs. (R/W)

TIMG_Tx_LEVEL_INT_EN When set, an alarm will generate a level type interrupt. (R/W)
TIMG_Tx_EDGE_INT_EN When set, an alarm will generate an edge type interrupt. (R/W)
TIMG_Tx_DIVIDER Timer x clock (Tx_clk) prescaler value. (R/W)
TIMG_Tx_AUTORELOAD When set, timer x auto-reload at alarm is enabled. (R/W)

TIMG_Tx_INCREASE When set, the timer x time-base counter will increment every clock tick. When
cleared, the timer x time-base counter will decrement. (R/W)

TIMG_Tx_EN When set, the timer x time-base counter is enabled. (R/W)
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Register 11.2: TIMG_TxLO_REG (x: 0-1) (0x0004+0x24*)

NS
N
&7
N

E ]

’ 0x000000 \ Reset

TIMG_Tx_LO After writing to TIMG_TXUPDATE_REG, the low 32 bits of the time-base counter

of timer x can be read here. (RO)

Register 11.3: TIMG_TxHI_REG (x: 0-1) (0x0008+0x24*)

Q>
A+
o’
N

E ]

’ 0x000000 \ Reset

TIMG_Tx_HI After writing to TIMG_TxUPDATE_REG, the high 32 bits of the time-base counter

of timer x can be read here. (RO)

Register 11.4: TIMG_TxUPDATE_REG (x: 0-1) (0x000C+0x24*x)

BE ]

]oooooooooooooooooooooooooooooooo\Reset

TIMG_Tx_UPDATE After writing 0 or 1 to TIMG_TxUPDATE_REG, the counter value is latched. (R/W)

Register 11.5: TIMG_TXALARMLO_REG (x: 0-1) (0x0010+0x24*x)

@QO
N
g
N
’ 31 0 ‘
’ 0x000000 \ Reset

TIMG_Tx_ALARM_LO Timer x alarm trigger time-base counter value, low 32 bits. (R/W)
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Register 11.6: TIMG_TXALARMHI_REG (x: 0-1) (0x0014+0x24%)

’ 0x000000 \ Reset

TIMG_Tx_ALARM_HI Timer x alarm trigger time-base counter value, high 32 bits. (R/W)

Register 11.7: TIMG_TxLOADLO_REG (x: 0-1) (0x0018+0x24*x)

E ]

’ 0x000000 \ Reset

TIMG_Tx_LOAD_LO Low 32 bits of the value that a reload will load onto timer x time-base counter.
(R/W)

Register 11.8: TIMG_TxLOADHI_REG (x: 0-1) (0x001C+0x24*x)

N
)
NS
N
Q /
N

E ]

’ 0x000000 \ Reset

TIMG_Tx_LOAD_HI High 32 bits of the value that a reload will load onto timer x time-base counter.
R/W)

Register 11.9: TIMG_TxLOAD_REG (x: 0-1) (0x0020+0x24*)

E ]

’ 0x000000 \ Reset

TIMG_Tx_LOAD Write any value to trigger a timer x time-base counter reload. (WO)
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Register 11.10: TIMG_WDTCONFIGO_REG (0x0048)

Q> SR
& &L $i58
28 & P 88
\é&/\é&/ ({/% Q,% Q)OQ\)/\)/
S B F B FT S S SO
> & L LT g 7 TR R
I N SR SIS CREN »
AR AR AR AR AR R Y R R R S
S PP P P A P\ AN A &
‘31|3O 29|28 27|26 25|24 23|22|21|20 IB|17 15|l4|l3|12|11 0‘
\o| 0 | 0 | 0 | 0 |o|o| Ox1 | Ox1 |1|o|o|oooooooooooo\Reset

TIMG_WDT_APPCPU_RESET_EN Reserved. (R/W)
TIMG_WDT_PROCPU_RESET_EN WDT reset CPU enable. (R/W)
TIMG_WDT_FLASHBOOT_MOD_EN When set, Flash boot protection is enabled. (R/W)

TIMG_WDT_SYS_RESET_LENGTH System reset signal length selection. 0: 100 ns, 1: 200 ns, 2:
300 ns, 3: 400 ns, 4: 500 ns, 5: 800 ns, 6: 1.6 us, 7: 3.2 us. (R/W)

TIMG_WDT_CPU_RESET_LENGTH CPU reset signal length selection. 0: 100 ns, 1: 200 ns, 2: 300
ns, 3: 400 ns, 4: 500 ns, 5: 800 ns, 6: 1.6 us, 7: 3.2 us. (R/W)

TIMG_WDT_LEVEL_INT_EN When set, a level type interrupt will occur at the timeout of a stage
configured to generate an interrupt. (R/W)

TIMG_WDT_EDGE_INT_EN When set, an edge type interrupt will occur at the timeout of a stage
configured to generate an interrupt. (R/W)

TIMG_WDT_STG3 Stage 3 configuration. O: off, 1: interrupt, 2: reset CPU, 3: reset system. (R/W)
TIMG_WDT_STG2 Stage 2 configuration. O: off, 1: interrupt, 2: reset CPU, 3: reset system. (R/W)
TIMG_WDT_STG1 Stage 1 configuration. O: off, 1: interrupt, 2: reset CPU, 3: reset system. (R/W)
TIMG_WDT_STGO Stage O configuration. O: off, 1: interrupt, 2: reset CPU, 3: reset system. (R/W)

TIMG_WDT_EN When set, MWDT is enabled. (R/W)
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Register 11.11: TIMG_WDTCONFIG1_REG (0x004C)

S
%Q’ég
&

£

\ 0x01 oooooooooooooooo\Reset

TIMG_WDT_CLK_PRESCALER MWODT clock prescaler value. MWDT clock period = 12.5 ns *
TIMG_WDT_CLK_PRESCALE. (R/W)

Register 11.12: TIMG_WDTCONFIG2_REG (0x0050)

Q\O&
Y
&6\ ?/\@
N
N
B ]
‘ 0x18cba80 \ Reset

TIMG_WDT_STGO0_HOLD Stage 0 timeout value, in MWDT clock cycles. (R/W)

Register 11.13: TIMG_WDTCONFIG3_REG (0x0054)

«\O&
s
&7
N
E ]
\ o7 |Reset

TIMG_WDT_STG1_HOLD Stage 1 timeout value, in MWDT clock cycles. (R/W)
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Register 11.14: TIMG_WDTCONFIG4_REG (0x0058)

’ 0xOfffff ‘ Reset

TIMG_WDT_STG2_HOLD Stage 2 timeout value, in MWDT clock cycles. (R/W)

Register 11.15: TIMG_WDTCONFIG5_REG (0x005C)

«\O&
&
&7
N
E ]
’ OxOffff \ Reset

TIMG_WDT_STG3_HOLD Stage 3 timeout value, in MWDT clock cycles. (R/W)

Register 11.16: TIMG_WDTFEED_REG (0x0060)

o
&

E ]

’ 0x000000 \ Reset

TIMG_WDT_FEED Write any value to feed the MWDT. (WO)

Register 11.17: TIMG_WDTWPROTECT_REG (0x0064)
y
&
&7
NS

E ]

’ 0x50d83aa \ Reset

TIMG_WDT_WKEY [f the register contains a different value than its reset value, write protection is
enabled. (R/W)
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Register 11.18: TIMG_RTCCALICFG_REG (0x0068)

<
0%
O
& P &
&¥ & S T
?Q/ O?\}/ ?Q/ ?Q/ ?9/
Q/SC)/ ,&C)/ ,&C)/ &C)/ ,&C)/ @6\
X% o’ O O O &
,&\Q ,«\@ &\Q &\Q ,&\Q \\QJFO
‘31 30 16 | 15 | 14 13| 12 |11 0‘
\o 0x01 ol oxt [1]/o o 0o 0o 0o 0o 0o 0o 0 0 0O O‘Reset

TIMG_RTC_CALI_START_CYCLING When set, periodic calibration is enabled. (R/W)

TIMG_RTC_CALI_CLK_SEL Used to select the clock to be calibrated. 0: RTC_CLK. 1:
RTC20M_D256_CLK. 2: XTAL32K_CLK. (R/W)

TIMG_RTC_CALI_RDY Set this bit to mark the completion of calibration. (RO)
TIMG_RTC_CALI_MAX Calibration time, in cycles of the clock to be calibrated. (R/W)

TIMG_RTC_CALI_START Set this bit to starts calibration. (R/W)

Register 11.19: TIMG_RTCCALICFG1_REG (0x006C)

Q\/
Qé\V/
Q/
N2 >
NS &
?9/ O?Q/
(L7 @ (o7
N & N
B i o]
\ 0x00000 |o 0 0 0 O o| 0 \Reset
TIMG_RTC_CALI_CYCLING_DATA_VLD Periodic calibration valid signal. (RO)
TIMG_RTC_CALI_VALUE Calibration value when cycles of clock to be calibrated reach
TIMG_RTC_CALI_MAX; in unit of XTAL_CLK clock cycles. (RO)
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Register 11.20: TIMG_RTCCALICFG2_REG (0x00A8)

&
S >
& &
N NS
00/\/ 00/\/ o\g\
% % %
Q Q O
?\}/ ?\}/ QV\*>/
&O/ &O/ Q)& Q’SQ/
<X <X IR C
N N SN
‘ 31 7 | 6 3 | 2 1 | 0 ‘
\ Oxffff | 0x3 | 0 o0 | 0 \Reset

TIMG_RTC_CALI_TIMEOUT RTC calibration timeout indicator. (RO)
TIMG_RTC_CALI_TIMEOUT_RST_CNT Cycles that release calibration timeout reset. (R/W)

TIMG_RTC_CALI_TIMEOUT_THRES Threshold value for the RTC calibration timer. If the calibration
timer’s value exceeds this threshold, a timeout is triggered. (R/W)

Register 11.21: TIMG_LACTCONFIG_REG (0x0070)

K7
& & S Sl
QYOQ\ % (<//(<>//Q\® <& A/ O
KK O (G 7007 &
NN S PP IS
S S W Q S FES
OO & OO S
X o\?@/ @>y X Oy@y@y@y@y@y @&6
NS N ISE N PN A &
‘ 31 30 29 |28 13| 12 11 10 9 8 7 6 5 0‘
\011 0x01 0001100000000\Reset

TIMG_LACT_USE_REFTICK Reserved. (R/W)
TIMG_LACT_RTC_ONLY Reserved. (R/W)
TIMG_LACT_CPST_EN Reserved. (R/W)
TIMG_LACT_LAC_EN Reserved. (R/W)
TIMG_LACT_ALARM_EN Reserved. (R/W)
TIMG_LACT_LEVEL_INT_EN Reserved. (R/W)
TIMG_LACT_EDGE_INT_EN Reserved. (R/W)
TIMG_LACT_DIVIDER Reserved. (R/W)
TIMG_LACT_AUTORELOAD Reserved. (R/W)
TIMG_LACT_INCREASE Reserved. (R/W)

TIMG_LACT_EN Reserved. (R/W)
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Register 11.22: TIMG_LACTRTC_REG (0x0074)

’ 0x00000 |o 0 0 0 O O‘Reset

TIMG_LACT_RTC_STEP_LEN Reserved. (R/W)

Register 11.23: TIMG_LACTLO_REG (0x0078)
@]

N

é 7
N

E ]

’ 0x000000 \ Reset

TIMG_LACT_LO Reserved. (RO)

Register 11.24: TIMG_LACTHI_REG (0x007C)
N
<2
o
N

’ 0x000000 \ Reset

TIMG_LACT_HI Reserved. (RO)

Register 11.25: TIMG_LACTUPDATE_REG (0x0080)

&
&
S

é/

&7
N

’ 0x000000 \ Reset

TIMG_LACT_UPDATE Reserved. (WO)
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Register 11.26: TIMG_LACTALARMLO_REG (0x0084)

O
N
Q\@ s
N
O& 7
=~
,\@
’ 31 0 ‘
’ 0x000000 \ Reset

TIMG_LACT_ALARM_LO Reserved. (R/W)

Register 11.27: TIMG_LACTALARMHI_REG (0x0088)

’ 0x000000 \ Reset

TIMG_LACT_ALARM_HI Reserved. (R/W)

Register 11.28: TIMG_LACTLOADLO_REG (0x008C)

E ]

’ 0x000000 \ Reset

TIMG_LACT_LOAD_LO Reserved. (R/W)

Register 11.29: TIMG_LACTLOADHI_REG (0x0090)

QD
Q/
\pv
C’)& /
o
N
]31 0‘
’ 0x000000 \ Reset
TIMG_LACT_LOAD_HI Reserved. (R/W)
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11. Timer Group (TIMG)

Register 11.30: TIMG_LACTLOAD_REG (0x0094)

QO
\Yé\yov
S
g ]
\ 0x000000 \ Reset

TIMG_LACT_LOAD Reserved. (WO)

Register 11.31: TIMG_INT_ENA_TIMERS_REG (0x0098)

TIMG_TX_INT_ENA The interrupt enable bit for the TIMG_Tx_INT interrupt. (R/W)
TIMG_WDT_INT_ENA The interrupt enable bit for the TIMG_WDT_INT interrupt. (R/W)

TIMG_LACT_INT_ENA The interrupt enable bit for the TIMG_LACT_INT interrupt. (R/W)

Register 11.32: TIMG_INT_RAW_TIMERS_REG (0x009C)

Tl @
K7 QY\?‘ \e
\% é&'/\/ %
S ORSES
& P
S ONONOND”
& PN A A

TIMG_TX_INT_RAW The raw interrupt status bit for the TIMG_Tx_INT interrupt. (RO)
TIMG_WDT_INT_RAW The raw interrupt status bit for the TIMG_WDT_INT interrupt. (RO)

TIMG_LACT_INT_RAW The raw interrupt status bit for the TIMG_LACT_INT interrupt. (RO)
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Register 11.33: TIMG_INT_ST_TIMERS_REG (0x00AQ)

D) /\/\ A
é /</>&/ % %
é@b\ {D «Q
\,\QC"QJ \@ \@0 0 @
E JEIEE | |
\ooooooooooooooooooooooooooo ||||\Re5et
TIMG_TX_INT_ST The masked interrupt status bit for the TIMG_Tx_INT interrupt. (RO)
TIMG_WDT_INT_ST The masked interrupt status bit for the TIMG_WDT_INT interrupt. (RO)
TIMG_LACT_INT_ST The masked interrupt status bit for the TIMG_LACT_INT interrupt. (RO)
Register 11.34: TIMG_INT_CLR_TIMERS_REG (0x00A4)
SIS
RS
&>$ \%é\/é&/
@Q’b\ QAS)&/’O X
& S
\ooooooooooooooooooooooooooooooo \Reset
TIMG_TX_INT_CLR Set this bit to clear the TIMG_Tx_INT interrupt. (WO)
TIMG_WDT_INT_CLR Set this bit to clear the TIMG_WDT_INT interrupt. (WO)
TIMG_LACT_INT_CLR Set this bit to clear the TIMG_LACT_INT interrupt. (WO)
Register 11.35: TIMG_TIMERS_DATE_REG (0x00F8)
5
Q\%/
D /\\@@
%Q;‘A Q@7
NS Q
‘31 28|27 0‘
\o 0 o0 o| 0x1907261 \Reset
TIMG_TIMERS_DATE Version control register. (R/W)
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Register 11.36: TIMG_REGCLK_REG (0x00FC)

Ne
&
%Q)
&

BE ]

\oooooooooooooooooooooooooooooooo\Rese»c

TIMG_CLK_EN Register clock gate signal. 1: Registers can be read and written to by software. O:
Registers can not be read or written to by software. (R/W)
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12. Watchdog Timers (WDT)

12. Watchdog Timers (WDT)

12.1  Overview

Watchdog timers are hardware timers used to detect and recover from malfunctions. They must be periodically
fed (reset) to prevent a timeout. A system/software that is behaving unexpectedly (e.g. is stuck in a software loop
or in overdue events) will fail to feed the watchdog thus trigger a watchdog time out. Therefore, watchdog timers
are useful for detecting and handling erroneous system/software behavior.

The ESP32-S2 contains three watchdog timers: one in each of the two timer groups (called Main System
Watchdog Timers, or MWDT) and one in the RTC Module (called the RTC Watchdog Timer, or RWDT). Each
watchdog timer allows for four separately configurable stages and each stage can be programmed to take one of
three (or four for RWDT) actions upon expiry, unless the watchdog is fed or disabled. The actions upon expiry
are: interrupt, CPU reset, core reset and system reset. Only RWDT can trigger a system reset that will reset the
entire digital circuits, which is the main system including the RTC itself. A timeout value can be set for each stage
individually.

In flash boot mode, RWDT and the first MWDT are enabled by default in order to detect and recover from booting
errors.

Note that while this chapter provides the functional descriptions of the watchdog timer’s, their register
descriptions are provided in Chapter 11: Timer Group (TIMG,).

12.2 Features
Watchdog timers have the following features:

® Four stages, each with a programmable timeout value. Each stage can be configured and
enabled/disabled separately

¢ One of three/four (for MWDTs/ RWDT) possible actions (interrupt, CPU reset, core reset and system reset)
available upon expiry of each stage

e 32-bit expiry counter
* Write protection, to prevent RWDT and MWDT configuration from being altered inadvertently

® Flash boot protection
If the boot process from an SPI flash does not complete within a predetermined period of time, the
watchdog will reboot the entire main system.

12.3 Functional Description

12.3.1 Clock Source and 32-Bit Counter

At the core of each watchdog timer is a 32-bit counter. The clock source of MWDTs is derived from the APB
clock via a pre-MWDT 16-bit configurable prescaler. Conversely, the clock source of RWDT is derived directly
from a RTC slow clock (without a prescaler) which is usually running at 32 kHz. The 16-bit prescaler for MWDTs
is configured via the TIMG_WDT_CLK_PRESCALER field of TIMG_WDTCONFIG1_REG.

MWDTs and RWDT are enabled by setting the TIMG_WDT_EN and RTC_CNTL_WDT_EN fields respectively.
When enabled, the 32-bit counters of each watchdog will increment on each source clock cycle until the timeout
value of the current stage is reached (i.e. expiry of the current stage). When this occurs, the current counter value
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is reset to zero and the next stage will become active. If a watchdog timer is fed by software, the timer will return
to stage 0 and reset its counter value to zero. Software can feed a watchdog timer by writing any value to
TIMG_WDTFEED_REG for MDWTs and RTC_CNTL_RTC_WDT_FEED for RWDT.

12.3.2 Stages and Timeout Actions

Timer stages allow for a timer to have a series of different timeout values and corresponding expiry action. When
one stage expires, the expiry action is triggered, the counter value is reset to zero, and the next stage becomes
active. MWDTs/ RWDT provide four stages (called stages 0 to 3). The watchdog timers will progress through
each stage in a loop (i.e. from stage 0 to 3, then back to stage 0).

Timeout values of each stage for MWDTs are configured in TIMG_WDTCONFIG/_REG (where / ranges from 2 to
5), whilst timeout values for RWDT are configured using RTC_CNTL_WDT_STG/_HOLD field (where j ranges from
0 to 3).

Please note that the timeout value of stage 0 for RWDT (Thoqo) is determined together by
EFUSE_WDT_DELAY_SEL field of an eFuse register and RTC_CNTL_WDT_STGO_HOLD. The relationship is as
follows:

Thoido = RTC_CNTL_WDT_STGO_HOLD « EFUSE_WDT_DELAY_SEL + 1
Upon the expiry of each stage, one of the following expiry actions will be executed:

® Trigger an interrupt
When the stage expires, an interrupt is triggered.

e CPU reset
When the stage expires, the CPU core will be reset.

e Core reset
When the stage expires, the main system (which includes MWDTs, CPU, and all peripherals) will be reset.
The RTC will not be reset.

e System reset
When the stage expires the main system and the RTC will both be reset. This action is only available in
RWDT.

¢ Disabled
This stage will have no effects on the system.

For MWDTs, the expiry action of all stages is configured in TIMG_WDTCONFIGO_REG. Likewise for RWDT, the
expiry action is configured in RTC_CNTL_WDTCONFIGO_REG.

12.3.3 Write Protection

Watchdog timers are critical to detecting and handling erroneous system/software behavior, thus should not be
disabled easily (e.g. due to a misplaced register write). Therefore, MWDTs and RWDT incorporate a write
protection mechanism that prevent the watchdogs from being disabled or tampered with due to an accidental
write. The write protection mechanism is implemented using a write-key register for each timer
(TIMG_WDT_WKEY for MWDT, RTC_CNTL_WDT_WKEY for RWDT). The value 0x50D83AA1 must be written to
the watchdog timer’s write-key register before any other register of the same watchdog timer can be changed.
Any attempts to write to a watchdog timer’s registers (other than the write-key register itself) whilst the write-key
register’s value is not Ox50D83AA1 will be ignored. The recommended procedure for accessing a watchdog
timer is as follows:
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1. Disable the write protection by writing the value 0x50D83AA1 to the timer’s write-key register.
2. Make the required modification of the watchdog such as feeding or changing its configuration.

3. Re-enable write protection by writing any value other than Ox50D83AA1 to the timer’s write-key register.

12.3.4 Flash Boot Protection

In flash boot mode, MWDT in timer group 0 (TIMGO), as well as RWDT, are enabled by default. Stage 0 for the
enabled MWDT is automatically configured to reset the system upon expiry, known as core reset. Likewise, stage
0 for RWDT is configured to system reset, which resets the main system and RTC when it expires. After booting,
TIMG_WDT_FLASHBOOT_MOD_EN and RTC_CNTL_WDT_FLASHBOOT_MOD_EN should be cleared to stop
the flash boot protection procedure for both MWDT and RWDT respectively. After this, MWDT and RWDT can be
configured by software.

12.4 Super Watchdog

Super watchdog (SWD) is an ultra-low-power circuit that helps to prevent the system from operating in a
sub-optimal state and resets the system if required. SWD contains a watchdog circuit that needs to be fed for
nearly every 1 s. About 100 ms before watchdog timeout, it will also send out a WD_INTR signal as a request to
remind the system to feed the watchdog.

If the system doesn’t respond to SWD feed request and watchdog finally times out, SWD will generate a system
level signal SWD_RSTB to reset the whole digital circuits on chip.

12.4.1 Features
SWD has the following features:

e Ultra-low power and small in area
e [nterrupt to remind the system to feed SWD

¢ Various dedicated methods for software to feed SWD, which enables SWD to monitor the working state of
the whole operating system

12.4.2 Super Watchdog Controller
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12.4.2.1 Structure

ANALOG RTC
SWD_FEED
< SWD_CLR_FLAG
Super SWD INTERRUPT >
Watchdog SWD_INTR Controller
SWD_RST_FLAG >

SWD_RSTB

CPU

RTC
REG

? PERI_BUS

ULP-RISC-V

Figure 12-1. Super Watchdog Controller Structure

12.4.2.2 Workflow

In normal state:

e SWD controller receives feed request from SWD.

SWD controller can send an interrupt to main CPU or ULP-RISC-V.

Main CPU can decide whether to feed SWD directly by setting RTC_CNTL_SWD_FEED, or send an
interrupt to ULP-RISC-V and ask ULP-RISC-V to feed SWD by setting RTC_CNTL_SWD_FEED.

When trying to feed SWD, CPU or the co-processor needs to disable SWD controller’s write protection by
writing Ox8F1D312A to RTC_CNTL_SWD_WKEY. This prevents SWD from being fed by mistake when the
system is operating in sub-optimal state.

If setting RTC_CNTL_SWD_AUTO_FEED_EN to 1, SWD controller can also feed SWD itself without any
interaction with CPU or ULP-RISC-V.

After reset:

e Check RTC_CNTL_RESET_CAUSE_PROCPU[5:Q] for the cause of CPU reset.
If RTC_CNTL_RESET_CAUSE_PROCPU[5:0] == 0x12, it indicates that the cause is SWD reset.

e Set RTC_CNTL_SWD_RST_FLAG_CLR to clear the SWD reset flag.

12.5 Registers

MWDT registers are part of the timer submodule and are described in the Chapter 11: Timer Group (TIMG) Timer
Registers section. RWDT and SWD registers are part of the RTC submodule and are described in Chapter 9:
Low-Power Management (RTC_CNTL) RTC Registers section.
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13. XTAL32K Watchdog Timer (XTWDT)

13.1 Overview

The XTAL32K watchdog timer on ESP32-S2 is used to monitor the status of external crystal XTAL32K_CLK. This
Watchdog can detect the oscillation failure of XTAL32K_CLK, change the clock source of RTC, etc. When
XTAL32K_CLK works as the clock source of RTC SLOW_CLK and stops vibrating, the XTAL32K watchdog timer
first switches to BACKUP32K_CLK derived from RTC_CLK and generates an interrupt (if the chip is in
Deep-sleep mode, the CPU will be woken up), and then switches back to XTAL32K_CLK after it is restarted by
software.

XTAL32K |
e
Watchd 0g nterrupt
-t RTC_CNTL_XTAL32K_WDT_EN
Monitor
A BACKUP32K_CLK_EN
vy
&
XTAL32K_CLK -y
— - -
RTC_SLOW_CLK
RTC_CLK o BACKUP32K_CLK
—  »  Divisor > 1

Figure 13-1. XTAL32K Watchdog Timer

13.2 Features

13.2.1 XTAL32K Watchdog Timer Interrupts and Wake-up
When the XTAL32K watchdog timer detects the oscillation failure of XTAL32K_CLK, an oscillation failure interrupt
is generated. At this point the CPU will be woken up if in hibernation.

13.2.2 BACKUP32K_CLK

Once the XTAL32K watchdog timer detects the oscillation failure of XTAL32K_CLK, it replaces XTAL32K_CLK
with BACKUP32K_CLK (with a frequency of 32 kHz) derived from RTC_CLK as RTC’s SLOW_CLK, so as to
ensure proper functioning of the system.

13.3 Functional Description

13.3.1 Workflow
1. The XTAL32K watchdog timer starts counting when RTC_CNTL_XTAL32K_WDT_EN is enabled. The
counter keeps counting until it detects the positive edge of XTAL_32K and is then cleared. When the
counter reaches RTC_CNTL_XTAL32K_WDT_TIMEOUT, it generates an interrupt or a wake-up signal and
is then reset.

2. The XTAL32K watchdog timer automatically enables BACKUP32K_CLK as the alternative clock source of
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RTC SLOW_CLK, to ensure the system’s proper functioning and the accuracy of timers running on RTC
SLOW_CLK (e.g. RTC_TIMER). For information about clock frequency configuration, please refer to
Section 13.3.2 Configuring the Divisor of BACKUP32K_CLK.

3. To restore the XTAL32K watchdog timer, software restarts XTAL32K_CLK by turning its XPD signal on and
on again via RTC_CNTL_XPD_XTAL_32K bit. Then, the XTAL32K watchdog timer switches back to
XTAL32K_CLK by setting RTC_CNTL_XTAL32K_WDT_EN bit to 0. If the chip is in Deep-sleep mode, the
XTAL32K watchdog timer will wake up the CPU to finish the above steps.

13.3.2 Configuring the Divisor of BACKUP32K_CLK

Chips have different RTC_CLK frequencies due to production process variations. To ensure the accuracy of
RTC_TIMER and other timers running on SLOW_CLK when BACKUP32K_CLK is at work, the divisor of
BACKUP32K_CLK should be configured according to the actual frequency of RTC_CLK. For details about the
actual frequency of RTC_CLK, please refer to 9 Low-Power Management (RTC_CNTL).

Define the frequency of RTC_CLK as f_rtc_clk (unit: kHz), and the eight divisor components as

o, T1,T2,T3,T4,T5,T6, and X7, reSpeCtively. S=x0+x1+x2+ 23+ T4+ T5+ T6 + X7.

The following conditions should be fulfilled:

S = f_rtc_clk x (4/32)
M+1>x,>M0O<n<T7)
M = f_rtc_clk/32/2

x, should be an integer. M and S are rounded up or down. Each divisor component (xg ~x7) is 4-bit long, and
corresponds to the value of RTC_CNTL_XTAL32K_CLK_FACTOR (32-bit) in order.

For example, if the frequency of RTC_CLK is 163 kHz, then f_rtc_clk = 163,S = 20, M = 2, and
{xo, xr1,22,T3,T4,T5,Lg, 167} = {2, 3,2,3,2,3,2, 3} As a result, the frequency of BACKUP32K_CLK is 32.6 kHz.
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14. Permission Control (PMS)

14.1 Overview

In ESP32-S2, different type of buses and modules can have different permissions to access the memory. The
permission control module is used to manage all the access permissions through corresponding permission
control registers.

14.2 Features
e Permission controls for the CPU buses to access the internal memory

- SRAM partially adopts unified permission control and partially adopts split permission control.
— RTC FAST SRAM adopts split permission control.
- RTC SLOW SRAM adopts split permission control.

e Access to the external memory is managed by both the memory management unit (MMU) and the
permission control module.

14.3 Functional Description

14.3.1 Internal Memory Permission Controls
The internal memory resources in ESP32-S2 include ROM, SRAM, RTC FAST Memory, and RTC SLOW Memory.
The breakdown of each memory is as follows:

* The total ROM size is 128 KB and consists of two 64 KB blocks.

¢ The total SRAM size is 320 KB and consists of four 8 KB blocks and eighteen 16 KB blocks, numbered
Block O ~ 21. The offset address range of each block is shown in Table 73. For the base addresses
accessed by different buses please refer to Section 14.3.1.1, 14.3.1.2, and 14.3.1.3. Each of the four 8 KB
blocks (Block O ~ 3) is equipped with an independent permission control register. The eighteen 16 KB
blocks (Block 4 ~ 21) are regarded as a large storage space as a whole, which is managed in split parts
(i.e., the storage space is split into high and low areas with separate permission controls). The split address
cannot fall within the address range of Block 4 ~ 5.

e RTC FAST Memory adopts split permission control. The high and low areas have independent permission
control registers.

e RTC SLOW Memory also adopts split permission control. The high and low areas have independent
permission control registers.

The following sections describe the buses and modules in ESP32-S2 that can access the above-mentioned
internal memory resources.

Table 73: Offset Address Range of Each SRAM Block

SRAM Block Offset Start Address | Offset End Address
Block O 0x0000 Ox1FFF
Block 1 0x2000 Ox3FFF
Block 2 0x4000 Ox5FFF
Block 3 0x6000 Ox7FFF
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SRAM Block Offset Start Address | Offset End Address
Block 4 0x8000 OxBFFF
Block 5 0xC000 OxFFFF
Block 6 0x10000 Ox13FFF
Block 7 0x14000 Ox17FFF
Block 8 0x18000 Ox1BFFF
Block 9 0x1C000 Ox1FFFF
Block 10 0x20000 Ox23FFF
Block 11 0x24000 Ox27FFF
Block 12 0x28000 Ox2BFFF
Block 13 0x2C000 Ox2FFFF
Block 14 0x30000 Ox33FFF
Block 15 0x34000 Ox37FFF
Block 16 0x38000 Ox3BFFF
Block 17 0x3C000 OX3FFFF
Block 18 0x40000 Ox43FFF
Block 19 0x44000 Ox47FFF
Block 20 0x48000 Ox4BFFF
Block 21 0x4C000 Ox4FFFF

14.3.1.1 Permission Control for the Instruction Bus (IBUS)

The address range on IBUS that requires permission control is 0x4002_0000 ~ 0x4007_1FFF, where SRAM
memory blocks and RTC FAST Memory are located. Access to different memory blocks is controlled by
independent permission control registers which are configured by software.

The permission control registers related to IBUS are also controlled by the PMS_PRO_IRAMO_LOCK signal.
When this signal is set to 1, the values configured in the permission control registers will be locked and cannot be
changed. At the same time, the value of the PMS_PRO_IRAMO_LOCK signal will also remain at 1 and cannot be
changed. The value of the PMS_PRO_IRAMO_LOCK signal is reset to O only when the CPU is reset.

SRAM Memory Blocks

Through IBUS, the CPU can Read (data) from SRAM, Write (data) to SRAM, and eXecute (an instruction),
indicated as R/W/X, respectively. The base address of SRAM accessed by the CPU is 0x4002_0000. Software
can configure valid access types to each SRAM block in advance. The configuration of the permission control
registers is shown in Table 74.

Table 74: Permission Control for IBUS to Access SRAM

Register Bit Positions | Description
PMS_PRO_IRAMO_1_REG [11:9] Configure the permission for IBUS to access SRAM Block 3
(from high to low as W/R/X)
[8:6] Configure the permission for IBUS to access SRAM Block 2
(from high to low as W/R/X)
[5:3] Configure the permission for IBUS to access SRAM Block 1
(from high to low as W/R/X)
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Register Bit Positions | Description
[2:0] Configure the permission for IBUS to access SRAM Block 0
(from high to low as W/R/X)
PMS_PRO_IRAMO_2_REG [22:20] Configure the permission for IBUS to access the high address
range in SRAM Block 4 ~ 21 (from high to low as W/R/X)
[19:17] Configure the permission for IBUS to access the low address
range in SRAM Block 4 ~ 21 (from high to low as W/R/X)
[16:0]* Configure the split address of IBUS in the SRAM Block 4 ~ 21
address range. The base address is 0x4000_0000. See below
for instructions on how to configure split address.

Note:
* Configuring split address:

Split address is 32 bits in width and equal to base address plus the configured field value multiplied by 4. For example,
if Ox10000 is written to PMS_PRO_IRAMO_2_REG [16:0], the split address of IBUS in the SRAM Block 4 ~ 21 address
range is equal to 0x4004_0000. Note that the split address on IBUS and DBUSO cannot fall within the address range of
Block O ~ 5.

If the type of access initiated by the CPU to SRAM through IBUS does not match the configured access type, the
permission control module will directly deny this access. For example, if software allows the IBUS bus to only
read and write SRAM Block5, but the CPU initiates an instruction fetch, the permission control module will deny
this fetch access.

An access denial does not block the access initiated by the CPU, which means:
® The write operation will not take effect and will not change the data in the memory block.
® Read and fetch operations will get invalid data.

If the interrupt that indicates an illegitimate access to SRAM via IBUS is enabled, the permission control module
will record the current access address and access type, and give an interrupt signal at the same time. If the
access is denied repeatedly, the hardware only records the first error message. The access error interrupt is a
level signal and needs to be cleared by software. When the interrupt is cleared, the related error record is also
cleared at the same time.

RTC FAST Memory

The CPU can perform R/W/X access to the RTC FAST Memory through IBUS. As RTC FAST Memory adopts
split permission control, software needs to configure access permissions for the high and low address ranges,
respectively. The configuration of the permission control registers is shown in Table 75.

Table 75: Permission Control for IBUS to Access RTC FAST Memory

Register Bit Positions | Description
PMS_PRO_IRAMO_3_REG [16:14] Configure the permission for IBUS to access the high address
range in RTC FAST Memory (from high to low as W/R/X)
[13:11] Configure the permission for IBUS to access the low address
range in RTC FAST Memory (from high to low as W/R/X)
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Register

Bit Positions

Description

[10:0]

Configure the user-configurable split address of IBUS in the RTC
FAST address range. The base address is 0x4007_0000. For
how to configure the user-configurable split address, please re-
fer to the instructions above.

If the type of access initiated by the CPU to RTC Fast Memory through IBUS does not match the configured
access type, the permission control module will directly deny this access. If the interrupt that indicates an
illegitimate access to the RTC Fast Memory via IBUS is enabled, the permission control module will record the
current access address and access type, and give an interrupt signal at the same time. If the access is denied

repeatedly, the hardware only records the first error message. The access error interrupt is a level signal and
needs to be cleared by software. When the interrupt is cleared, the related error record is also cleared at the

same time.

14.3.1.2 Permission Control for the Data Bus (DBUSO0)

The CPU can access two address ranges through DBUSO: 0x3FFB_0000 ~ Ox3FFF_FFFF and Ox3FF9_EOQO ~
Ox3FF9_FFFF, where SRAM memory blocks and RTC FAST Memory are located. Access to different memory
blocks is controlled by independent permission control registers which are configured by software.

The permission control registers related to DBUSO are also controlled by the PMS_PRO_DRAMO_LOCK signal.
When this signal is set to 1, the configured values of the permission control registers will be locked and cannot be
changed. The value of the PMS_PRO_DRAMO_LOCK signal will also remain at 1 and cannot be changed. The
value of the PMS_PRO_DRAMO_LOCK signal is reset to 0 only when the CPU is reset.

SRAM Memory Blocks

The CPU can perform R/W access to SRAM via DBUSO, with the based address Ox3FFB_0000. Software can
configure allowed access types initiated by DBUSO to each SRAM block in advance. The configuration of the

permission control registers is shown in Table 76.

Table 76: Permission Control for DBUSO to Access SRAM

Espressif Systems

Register Bit Positions | Description
PMS_PRO_DRAMO_1_REG [28:27] Configure the permission for DBUSO to access the high address
range in SRAM Block 4 ~ 21 (from high to low as W/R)
[26:25] Configure the permission for DBUSO to access the low address
range in SRAM Block 4 ~ 21 (from high to low as W/R)
[24:8] Configure the user-configurable split address of DBUSO in the
SRAM Block 4 ~ 21 address range. The base address is
Ox3FFB_0000. For how to configure the user-configurable split
address, please refer to the instructions in Section 14.3.1.1.
[7:6] Configure the permission for DBUSO to access SRAM Block3
(from high to low as W/R)
[5:4] Configure the permission for DBUSO to access SRAM Block2
(from high to low as W/R)
[3:2] Configure the permission for DBUSO to access SRAM Block1

(from high to low as W/R)
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Register

Bit Positions

Description

[1:0]

Configure the permission for DBUSO to access SRAM BlockO
(from high to low as W/R)

If the type of access initiated by the CPU to SRAM through DBUSO does not match the configured access type,

the permission control module will directly deny this access. If the interrupt that indicates an illegitimate access to

SRAM via DBUSO is enabled, the permission control module will record the current access address, access type,

and access size (in bytes, halfwords, or words), and give an interrupt signal at the same time. If the access is

denied repeatedly, the hardware only records the first error message. The access error interrupt is a level signal

and needs to be cleared by software. When the interrupt is cleared, the related error record is also cleared at the

same time.

RTC FAST Memory

The CPU can perform R/W access to RTC FAST Memory through DBUSO. As RTC FAST Memory adopts split
permission control, software needs to configure access permissions for the high and low address ranges,

respectively. The configuration of the permission control registers is shown in Table 77.

Table 77: Permission Control for DBUSO to Access RTC FAST Memory

Reqister Bit Positions | Description
(14:13] Configure the permission for DBUSO to access the high address
' range in RTC FAST Memory (from high to low as W/R)
[12:11] Configure the permission for DBUSO to access the low address
' range in RTC FAST Memory (from high to low as W/R)
PMS_PRO_DRAMO_2_REG , , , ..
Configure the user-configurable split address of DBUSO within
[10:0] the RTC FAST Memory address range. The base address is

Ox3FF9_EOOQO. For how to configure the user-configurable split
address, please refer to the instructions in Section 14.3.1.1.

If the type of access initiated by the CPU to RTC FAST Memory through DBUSO does not match the configured
access type, the permission control module will directly deny this access. If the interrupt that indicates an
illegitimate access to RTC FAST Memory via DBUSO is enabled, the permission control module will record the
current access address, access type, and access size (in bytes, halfwords, or words), and give an interrupt signal

at the same time. If the access is denied repeatedly, the hardware only records the first error message. The

access error interrupt is a level signal and needs to be cleared by software. When the interrupt is cleared, the

related error record is also cleared at the same time.

14.3.1.3 Permission Control for On-chip DMA

The on-chip DMA can access the internal memory through Internal DMA, Copy DMA RX (receiving) channel, or
Copy DMA TX (transmitting) channel, using the address range Ox3FFB_0000 ~ Ox3FFF_FFFF (Ox3FFB_0000 is
the base address). Software can configure the type of DMA access to each SRAM block in advance. The

configuration of the permission control registers is shown in Table 78, where XX can be APB, TX, or RX,

corresponding to the configuration registers of Internal DMA, TX Copy DMA, and RX Copy DMA, respectively.
More details about DMA can be found in Chapter 2 DMA Controller (DMA).
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The permission control registers related to DMA are also controlled by the PMS_DMA_XX_I_LOCK signal. When
this signal is set to 1, the configured values of the permission control registers will be locked and cannot be
changed. The value of the PMS_DMA_XX_|I_LOCK signal will also remain at 1 and cannot be changed. The
PMS_DMA_XX_|_LOCK signal value is reset to O only when the CPU is reset.

Table 78: Permission Control for On-chip DMA to Access SRAM

Reqister Bit Positions | Description
28:27] Configure the permission for DMA to access the high address
range in SRAM Block 4 ~ 21 (from high to low as W/R)
26:25] Configure the permission for DMA to access the low address
range in SRAM Block 4 ~ 21 (from high to low as W/R)
Configure the user-configurable split address of DMA in SRAM
24:8] Block 4 ~ 21 address range. The base address is Ox3FFB_0000.
For how to configure the user-configurable split address, please
PMS_DMA XX | 1_REG refer 'to the instructilon.s in Section 14.3.1.1.
7:6] Clonﬂgure the permission for DMA to access SRAM Block3 (from
high to low as W/R)
(5:4] Configure the permission for DMA to access SRAM Block?2 (from
high to low as W/R)
3:2] Configure the permission for DMA to access SRAM Block1 (from
high to low as W/R)
(1:0] Configure the permission for DMA to access SRAM BlockO (from
high to low as W/R)

If the type of access initiated by the on-chip DMA to SRAM does not match the configured access type, the
permission control module will directly deny this access. If the interrupt that indicates an illegitimate access to
SRAM via Internal DMA, TX Copy DMA, or RX Copy DMA is enabled, the permission control module will record
the current access address and access type, and give an interrupt signal at the same time. If the access is
denied repeatedly, the hardware only records the first error message. The access error interrupt is a level signal
and needs to be cleared by software. When the interrupt is cleared, the related error record is also cleared at the
same time.

14.3.1.4 Permission Control for PeriBus1

The CPU can access the address range 0x3F40_0000 ~ Ox3F4F_FFFF through PeriBus1, where RTC SLOW
SRAM is located. PeriBus1 can perform R/W operations. The read/write permission is controlled by
software.

Software can also configure whether PeriBus1 is allowed to access peripherals that are within the address range
0x3F40_0000 ~ Ox3F4B_FFFF.

As the CPU can initiate predictive read operations through PeriBus1, it may cause peripheral FIFO read errors. To
avoid FIFO read errors, the FIFO addresses of the corresponding peripherals have already been written in
hardware and can no longer be changed, as Table 79 shows. In addition, four software-configurable address
registers PMS_PRO_DPORT_2 ~ 5_REG are reserved for users to write into addresses read-protected from
PeriBus1 reading. The configuration of the permission control registers is shown in Table 80.
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Table 79: Peripherals and FIFO Address

Peripherals

FIFO Address

ADDR_RTCSLOW

0x6002_1000

ADDR_FIFO_UARTO

0x6000_0000

ADDR_FIFO_UART1

0x6001_0000

ADDR_FIFO_UART2

0x6002_E000

ADDR_FIFO_I2S0

Ox6000_F004

ADDR_FIFO_I2S1

0x6002_D004

ADDR_FIFO_RMT_CHO

0x6001_6000

ADDR_FIFO_RMT_CH1

0x6001_6004

ADDR_FIFO_RMT_CH2

0x6001_6008

ADDR_FIFO_RMT_CH3

0x6001_600C

ADDR_FIFO_I2C_EXTO

0x6001_301C

ADDR_FIFO_I2C_EXT1

0x6002_701C

ADDR_FIFO_USB_0

0x6008_0020

ADDR_FIFO_USB_1_L

0x6008_1000

ADDR_FIFO_USB_1_H

Ox6009_0OFFF

The permission control registers related to PeriBus1 are also controlled by the PMS_PRO_DPORT_LOCK signal.

When this signal is set to 1, the configured values of the permission registers will be locked and cannot be
changed. The value of the PMS_PRO_DPORT_LOCK signal will also remain at 1 and cannot be changed. The
value of the PMS_PRO_DPORT_LOCK signal is reset to 0 only when the CPU is reset.

Table 80: Permission Control for PeriBus1

Register

Bit Positions

Description

PMS_PRO_DPORT_1_REG

[19:16]

The value of each bit determines whether to enable the corre-
sponding reserved FIFO address.

[15:14]

Configure the permission for PeriBus1 to access the high ad-
dress range in RTC SLOW Memory (from high to low as W/R)

[13:12]

Configure the permission for PeriBus1 to access the low address
range in RTC SLOW Memory (from high to low as W/R)

[11:1]

Configure the user-configurable split address of PeriBus1 in
the RTC SLOW Memory address range. The base address is
0x3F42_1000. For how to configure the user-configurable split
address, please refer to the instructions in Section 14.3.1.1.

[0]

Configure whether PeriBus1 can access the peripherals within
the address range Ox3F40_0000 ~ Ox3F4B_FFFF

PMS_PRO_DPORT_2_REG

[17:0]

The zeroth address unreadable to PeriBust,
PMS_PRO_DPORT_RESERVE_FIFO_VALID [16]

enabled by

PMS_PRO_DPORT_3_REG

[17:0]

The first address unreadable to PeriBusi,
PMS_PRO_DPORT_RESERVE_FIFO_VALID [17]

enabled by

PMS_PRO_DPORT_4_REG

[17:0]

The second address unreadable to PeriBus1, enabled by
PMS_PRO_DPORT_RESERVE_FIFO_VALID [18]

PMS_PRO_DPORT_5_REG

[17:0]

The third address unreadable to PeriBusi,
PMS_PRO_DPORT_RESERVE_FIFO_VALID [19]

enabled by
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If PeriBus1 initiates a read access to unreadable address, or if the type of the access to RTC SLOW Memory
does not match the configured type, the permission control module will directly deny this access. If the interrupt
that indicates an illegitimate access to RTC SLOW Memory by PeriBus1 is enabled, the permission control
module will record the current access address, access type, and access size (in bytes, halfwords, or words), and
give an interrupt signal at the same time. If the access is denied repeatedly, the hardware only records the first
error message. The access error interrupt is a level signal and needs to be cleared by software. When the
interrupt is cleared, the related error record is also cleared at the same time.

14.3.1.5 Permission Control for PeriBus?2

The two address ranges on PeriBus?2 that require permission control are 0x5000_0000 ~ 0x5000_1FFF and
0x6000_0000 ~ 0x600B_FFFF where RTC SLOW Memory and peripheral modules are located.

PeriBus?2 supports R/W/X access to RTC SLOW Memory through two address ranges, namely RTCSlow_0 and
RTCSlow_1. Software can configure the allowed access types. The configuration of the permission control
registers is shown in Table 81.

PeriBus2 does not support fetch operations on peripherals. If a fetch operation is initiated on a peripheral, invalid
data will be obtained.

The permission control registers related to PeriBus2 are also controlled by the PMS_PRO_AHB_LOCK signal.
When this signal is configured to 1, the values of the permission control registers are locked and cannot be
changed. The value of the PMS_PRO_AHB_LOCK signal will also remain at 1 and cannot be changed. The value
of the PMS_PRO_AHB_LOCK signal is reset to O only when the CPU is reset.

Table 81: Permission Control for PeriBus2 to Access RTC SLOW Memory

Register Bit Positions | Description
PMS_PRO_AHB_1_REG [16:14] Configure the permission for PeriBus2 to access the high ad-
dress range in RTCSlow_0 (from high to low as W/R/X)
[13:11] Configure the permission for PeriBus?2 to access the low address
range in RTCSlow_0 (from high to low as W/R/X)
[10:0] Configure the user-configurable split address of PeriBus2 in the

RTCSlow_0 address range. The base address is 0x5000_1000.
For how to configure the user-configurable split address, please
refer to the instructions in Section 14.3.1.1.

PMS_PRO_AHB_2_REG [16:14] Configure the permission for PeriBus2 to access the high ad-
dress range in RTCSlow_1 (from high to low as W/R/X)
[13:11] Configure the permission for PeriBus2 to access the low address
range in RTCSlow_1 (from high to low as W/R/X)
[10:0] Configure the user-configurable split address of PeriBus2 in the

RTCSlow_1 address range. The base address is 0x6002_1000.
For how to configure the user-configurable split address, please

refer to the instructions in Section 14.3.1.1.

If the type of the access to RTCSlow_0 or RTCSlow_1 made by the CPU through PeriBus2 does not match the
configured type, the permission control module will directly deny this access. If the interrupt that indicates an
illegitimate access by PeriBus2 is enabled, the permission control module will record the current access address
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and access type, and give an interrupt signal at the same time. If the access is denied repeatedly, the hardware
only records the first error message. The access error interrupt is a level signal and needs to be cleared by
software. When the interrupt is cleared, the related error record is also cleared at the same time.

14.3.1.6 Permission Control for Cache

Among the SRAM blocks, only Block O ~ 3 can be assigned to Icache and Dcache. Icache or Dcache can
access up to 16 KB internal memory, which means, they can access up to two blocks. The 16 KB address range
accessed by Icache or Dcache is divided into two ranges: high address range (indicated by “_H” and low
address range (indicated by “_L”).

The user can allocate Block 0 ~ 3 to Icache_H, Icache_L, Dcache_H, or Dcache_L by configuring the field
PMS_PRO_CACHE_CONNECT in register PMS_PRO_CACHE_1_REG. The detailed configuration is shown in
Table 82, where FIELD indicates field PMS_PRO_CACHE_CONNECT.

Table 82: Configuration of Register PMS_PRO_CACHE_1_REG

SRAM Block 0-3 Dcache_H | Dcache_L | lcache_H | Icache_L
Block O FIELD[3] FIELD[2] FIELD[1] FIELDIO]
Block 1 FIELD[7] FIELD[B] FIELD[5] FIELD[4]
Block 2 FIELD[11] | FIELD[1Q] | FIELD[9] FIELDI8]
Block 3 FIELD[18] | FIELD[14] | FIELD[13] | FIELD[12]

Notes:

¢ One block can be assigned to only one of Dcache_H, Dcache_L, Icache_H, and Icache_L, which means
that one bit at most can be set to 1 in the same row in Table 82.

¢ One of Dcache_H, Dcache_L, Icache_H, and Icache_L can occupy only one block, which means that one
bit at most can be set to 1 in the same column in Table 82.

¢ SRAM memory occupied by the cache cannot be accessed by the CPU. Non-occupied SRAM memory
can still be accessed by the CPU.

14.3.1.7 Permission Control of Other Types of Internal Memory

In ESP32-S2, software can read Trace memory to get information about the runtime status of the CPU.
Additionally, it can also be used as a debug channel to communicate with software running on the CPU. Software
can enable the Trace memory function by configuring register PMS_PRO_TRACE_1. This register is also
controlled by the PMS_PRO_TRACE_LOCK signal. When this signal is set to 1, the value configured in the
register will be locked and cannot be changed. At the same time, the value of the PMS_PRO_TRACE_LOCK
signal will also remain at 1 and cannot be changed. The value of the PMS_PRO_TRACE_LOCK signal is reset to
0 only when the CPU is reset.

After the Trace memory function is enabled, register PMS_OCCUPY_3 needs to be configured to select one
block from SRAM Block 4 ~ 21 as Trace memory. Only one block can be used as Trace memory, in which case, it
can no longer be accessed by the CPU. Register PMS_OCCUPY_3 is controlled by the PMS_OCCUPY_LOCK
signal. When this signal is configured as 1, the value configured in the register will be locked and cannot be
changed. At the same time, the value of the PMS_OCCUPY_LOCK signal will also remain at 1 and cannot be
changed. The PMS_OCCUPY_LOCK signal value is reset to 0 the CPU is reset.
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When an SRAM block is selected as Trace Memory, neither IBUS, DBUS, nor DMA can access this block.

14.3.2 External Memory Permission Control
The CPU can access the external flash and SRAM by SPI1, EDMA or cache. The former two support direct
access, and the cache supports indirect access.

14.3.2.1 Cache MMU

The Cache MMU is used to control the permission for cache and EDMA to access the external memory. lts
primary function is to convert virtual addresses to physical addresses. The MMU needs to be configured before
enabling cache and EDMA. When a cache miss occurs or the data is written back to the external memory, the
cache controller will automatically access the MMU and generate a physical address to access the external
memory. When EDMA reads and writes the external SRAM, the EDMA controller also automatically accesses the
MMU and generates a physical address to access the external SRAM.

Table 83: MMU Entries

MMU Entries Bit Positions | Description

The external memory attribute indicates whether cache/EDMA ac-
cesses the external flash or SRAM. If bit 15 is set, cache/EDMA

SRAM [16] _ ,
accesses flash. If bit 16 is set, cache/EDMA accesses SRAM. The
two bits cannot be set at the same time.

Flash [15]

Invalid [14] Cleared if MMU entry is valid.

Page number [13:0] For MMU purposes, external memory is divided in memory blocks

called ‘pages’. The page size is fixed at 64 KB. The page number
of the physical address space indicates which page is accessed by
cache/EDMA.

When cache or EDMA accesses an invalid MMU page or the external memory attribute is not specified in the
MMU, an MMU error interrupt will be triggered.

14.3.2.2 External Memory Permission Controls

The hardware divides the physical address of the external memory (flash + SRAM) into eight (4 + 4) areas. Each
area can be individually configured for W/R/X access. Software needs to configure the size of each area and its
access type in advance.

The eight areas correspond to eight sets of registers, and the flash and SRAM each has four sets. Each set of
registers contains three parts as follows:

1. Attribute list: APB_CTRL_X_ACE_n_ATTR_REG has 3 bits in total, which are W/R/X bits from high to low;
2. Area start address: APB_CTRL_X_ACE_n_ADDR_REG, which represents the physical address;
3. Area length: APB_CTRL_X_ACE_n_SIZE_REG in multiples of 64 KB;

“o_n

Wherein “X” represents flash or SRAM, “n” represents 0 ~ 3. Note that the total size of the four areas

corresponding to flash must be 1 GB, so is the total size of the four areas corresponding to SRAM.
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14. Permission Control (PMS)

When the CPU directly accesses external memory, the permission control module only monitors the CPU’s write
requests, not the read requests. The control module checks whether the access type matches the configured
type according to the accessed physical address. If the area does not allow write access, the permission module
directly rejects write access, records the information about the current access, and triggers an access error
interrupt.

Cache miss, cache write back, and cache prefetch operations will trigger W/R/X requests from the cache to the
external memory. The permission control module will query for the access attributes of the area according to the
accessed physical address, and compare the the cache request against the pre-configured attributes. Only
when the two match, the permission control module will pass the request to the external memory. If the cache
initiates an R/F request, the permission control module will send the access attributes of the area to the cache for
storage. When the access request is inconsistent with the current access attributes, the hardware records the
information about the current access and triggers an access error interrupt.

When the CPU accesses the cache, the permission control module must check the attributes of the CPU access
by comparing it with the local access attribute list. Only if the two match, the CPU access is allowed. When the
access request is inconsistent with the current access attributes, the hardware records the information about the
current access and triggers an access error interrupt.

If the access attribute check fails repeatedly, the hardware only records the first error message, and the
subsequent error messages will be discarded directly. The access error interrupt is a level signal. When software
clears the access error interrupt flag, the error record will be cleared at the same time.

14.3.3 Non-Aligned Access Permission Control

ESP32-S2 supports monitoring of non-word-aligned access. When PeriBus1 or PeriBus2 initiates a non-word
address alignment or non-word sized access to a peripheral device, an interrupt or system exception may be
triggered. The following table lists all possible access types and their corresponding results, where IN means
interrupt, £X means exceptions, and 4/ means no action is triggered.
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14. Permission Control (PMS)

Table 84: Non-Aligned Access to Peripherals

Accessed by Access Address | Access Unit | Read | Write
byte IN IN
OXXXXX_XXX0 halfword IN IN
word Vv v
byte IN IN
PeriBus2 OxXXXX XXX halfword Vv IN
word vV IN
byte IN IN
OXXXXX_XXX2 halfword IN IN
word Vv IN
byte IN IN
OXXXXX_XXXO0 halfword IN IN
word vV vV
byte IN IN

Address range 0x3F40_0000 -

OXXXXX XXX halfword EX EX
Ox3F4B_FFFF
word EX EX
byte IN IN
OXXXXX_XXX2 halfword IN IN
word EX EX
byte v v
OXxXXXX_XXX0 halfword Vv vV
word Vv Vv
byte IN IN
Address range Ox3F4C_0000 -
OxXXXX XXX halfword EX EX
Ox3F4F_FFFF
word EX EX
byte IN IN
OXXXXX_XXX2 halfword IN IN
word EX EX

14.4 Base Address

Users can access the permission control module with the base address as shown in Table 85. For more
information about accessing peripherals please see Chapter 3: System and Memory.

Table 85: Permission Control Base Address

Bus to Access Peripheral Base Address
PeriBUS1 0x3F4C1000

14.5 Register Summary

The address in the following table represents the address offset (relative address) with the respect to the
peripheral base address, not the absolute address. For detailed information about the permission control base
address, please refer to Section 14.4.
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14. Permission Control (PMS)

Name Description Address | Access
Control Registers

PMS_PRO_IRAMO_O_REG IBUS permission control register O. 0x0010 | R/W
PMS_PRO_DRAMO_O_REG DBUS permission control register O. 0x0028 | R/W
PMS_PRO_DPORT_0_REG PeriBus1 permission control register 0. 0x003C | R/'W
PMS_PRO_AHB_0_REG PeriBus2 permission control register O. 0x005C | R/W
PMS_PRO_TRACE_0_REG Trace memory permission control register 0. 0x0070 | R/W
PMS_PRO_CACHE_0_REG Cache permission control register O. 0x0078 | R/W
PMS_DMA_APB_I_0_REG Internal DMA permission control register O. 0x008C | R/W
PMS_DMA_RX_I_0_REG RX Copy DMA permission control register O. 0x009C | R/W
PMS_DMA_TX_I_0_REG TX Copy DMA permission control register 0. Ox00AC | R/'W
PMS_CACHE_SOURCE_0_REG Cache access permission control register O. 0x00C4 | R/W
PMS_APB_PERIPHERAL_O_REG Peripheral access permission control register 0. | Ox0O0CC | R/W
PMS_OCCUPY_0_REG Occupy permission control register 0. 0x00D4 | R/W
PMS_CACHE_TAG_ACCESS_0_REG Cache tag permission control register O. Ox00E4 | R/W
PMS_CACHE_MMU_ACCESS_0_REG | Cache MMU permission control register O. Ox00EC | R/W
PMS_CLOCK_GATE_REG_REG Clock gate register of permission control. 0x0104 | R/'W
Configuration Registers

PMS_PRO_IRAMO_1_REG IBUS permission control register 1. 0x0014 | R/W
PMS_PRO_IRAMO_2_REG IBUS permission control register 2. 0x0018 | R/W
PMS_PRO_IRAMO_3_REG IBUS permission control register 3. 0x001C | R/W
PMS_PRO_DRAMO_1_REG DBUS permission control register 1. 0x002C | R/W
PMS_PRO_DRAMO_2_REG DBUS permission control register 2. 0x0030 | R/W
PMS_PRO_DPORT_1_REG PeriBus1 permission control register 1. 0x0040 | R/W
PMS_PRO_DPORT_2_REG PeriBus1 permission control register 2. 0x0044 | R/W
PMS_PRO_DPORT_3_REG PeriBus1 permission control register 3. 0x0048 | R/W
PMS_PRO_DPORT_4_REG PeriBus1 permission control register 4. 0x004C | R/W
PMS_PRO_DPORT_5_REG PeriBus1 permission control register 5. 0x0050 | R/W
PMS_PRO_AHB_1_REG PeriBus2 permission control register 1. 0x0060 | R/W
PMS_PRO_AHB_2_REG PeriBus2 permission control register 2. 0x0064 R/W
PMS_PRO_TRACE_1_REG Trace memory permission control register 1. 0x0074 | R/W
PMS_PRO_CACHE_1_REG Cache permission control register 1. 0x007C | R/W
PMS_DMA_APB_I_1_REG Internal DMA permission control register 1. 0x0090 | R/W
PMS_DMA_RX_I_1_REG RX Copy DMA permission control register 1. Ox00A0 | R/W
PMS_DMA_TX_I_1_REG TX Copy DMA permission control register 1. 0x00BO | R/W
PMS_APB_PERIPHERAL_1_REG Peripheral access permission control register 1. | Ox00DO | R/W
PMS_OCCUPY_1_REG Occupy permission control register 1. 0x00D8 | R/W
PMS_OCCUPY_3_REG Occupy permission control register 3. Ox00EO | R/W
PMS_CACHE_TAG_ACCESS_1_REG Cache tag permission control register 1. Ox00E8 | R/W
PMS_CACHE_MMU_ACCESS_1_REG | Cache MMU permission control register 1. Ox00F0 | R/W
Interrupt Registers

PMS_PRO_IRAMO_4_REG IBUS permission control register 4. 0x0020 | varies
PMS_PRO_IRAMO_5_REG IBUS status register. 0x0024 | RO
PMS_PRO_DRAMO_3_REG DBUS permission control register 3. 0x0034 | varies
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14. Permission Control (PMS)

Name Description Address | Access
PMS_PRO_DRAMO_4_REG DBUS status register. 0x0038 | RO
PMS_PRO_DPORT_6_REG PeriBus1 permission control register 6. 0x0054 | varies
PMS_PRO_DPORT_7_REG PeriBus1 status register. 0x0058 | RO
PMS_PRO_AHB_3_REG PeriBus2 permission control register 3. 0x0068 | varies
PMS_PRO_AHB_4_REG PeriBus?2 status register. 0x006C | RO
PMS_PRO_CACHE_2_REG Cache permission control register 2. 0x0080 | varies
PMS_PRO_CACHE_3_REG Icache status register. 0x0084 | RO
PMS_PRO_CACHE_4_REG Dcache status register. 0x0088 | RO
PMS_DMA_APB_I_2_REG Internal DMA permission control register 2. 0x0094 | varies
PMS_DMA_APB_I_3_REG Internal DMA status register. 0x0098 | RO
PMS_DMA_RX_I_2_REG RX Copy DMA permission control register 2. 0Ox00A4 | varies
PMS_DMA_RX_I_3_REG RX Copy DMA status register. 0x00A8 | RO
PMS_DMA_TX_I_2_REG TX Copy DMA permission control register 2. 0x00B4 | varies
PMS_DMA_TX_I_3_REG TX Copy DMA status register. 0x00B8 | RO
PMS_APB_PERIPHERAL_INTR_REG PeriBus2 permission control register. Ox00F4 | varies
PMS_APB_PERIPHERAL_STATUS_REG| PeriBus2 peripheral access status register. Ox00F8 | RO
PMS_CPU_PERIPHERAL_INTR_REG PeriBus1 permission control register. OxO0FC | varies
PMS_CPU_PERIPHERAL_STATUS_REG)| PeriBus1 peripheral access status register. 0x0100 | RO
Version Control Register
PMS_DATE Version control register. OxOFFC | R/'W
14.6 Registers
Register 14.1: PMS_PRO_IRAMO_0_REG (0x0010)
QVOQ\L
&
& &
& &

PMS_PRO_IRAMO_LOCK Lock register. Setting to 1 locks IBUS permission control registers. (R/W)
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14. Permission Control (PMS)

Register 14.2: PMS_PRO_DRAMO_0_REG (0x0028)

o
X
?\
&
>
& %/Q\
& &
‘31 1| 0 ‘
\ooooooooooooooooooooooooooooooo|o\Reset
PMS_PRO_DRAMO_LOCK Lock register. Setting to 1 locks DBUSO permission control registers.
R/W)
Register 14.3: PMS_PRO_DPORT_0_REG (0x003C)
o
N
5
I
& %/Q\
QZ»@ Q®
‘31 1| 0 ‘
\ooooooooooooooooooooooooooooooo|o\Reset
PMS_PRO_DPORT_LOCK Lock register. Setting to 1 locks PeriBus1 permission control registers.
(RW)
Register 14.4: PMS_PRO_AHB_0_REG (0x005C)
\E
O
o
Y\%
& &
%) /
& &

E o]

\ooooooooooooooooooooooooooooooo|o\Reset

PMS_PRO_AHB_LOCK Lock register.

Setting to 1 locks PeriBus2 permission control registers.
RW)
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14. Permission Control (PMS)

Register 14.5: PMS_PRO_TRACE_0_REG (0x0070)

\b
\90
&
&
S &
Q)(A 57
& &
\31 1| 0 \
\ooooooooooooooooooooooooooooooo|o\Reset
PMS_PRO_TRACE_LOCK Lock register. Setting to 1 locks trace function permission control regis-
ters. (R/W)
Register 14.6: PMS_PRO_CACHE_0_REG (0x0078)
\l__
\/oo
S
9
o
& &
%) s
& &
\31 1| 0 \
\ooooooooooooooooooooooooooooooo|o\Reset
PMS_PRO_CACHE_LOCK Lock register. Setting to 1 locks cache permission control registers.
R/W)
Register 14.7: PMS_DMA_APB_I_0_REG (0x008C)
\l_
O
o
o
o
S &
Q)6 S 7
& &

PMS_DMA_APB_I_LOCK Lock register. Setting to 1 locks internal DMA permission control registers.
R/W)
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14. Permission Control (PMS)

Register 14.8: PMS_DMA_RX_I_0_REG (0x009C)

Q_
\90
N/
@GQJ& %9®
& &
\oooooooooooooooooooooooooooooooo\Reset
PMS_DMA_RX_I_LOCK Lockregister. Setting to 1 locks RX Copy DMA permission control registers.
R/W)
Register 14.9: PMS_DMA_TX_I_0_REG (0x00AC)
\L_
RS
4
o
@GQJ& %S)®
& &

w
et
-
o

\oooooooooooooooooooooooooooooooo\Reset

PMS_DMA_TX_I_LOCK Lock register. Setting to 1 locks TX Copy DMA permission control registers.
RW)

Register 14.10: PMS_CACHE_SOURCE_0_REG (0x00C4)

N
&
)
EY
&
S P
Q)(\\ 4
& &
\ooooooooooooooooooooooooooooooo|o\Reset
PMS_CACHE_SOURCE_LOCK Lock register. Setting to 1 locks cache access permission control
registers. (R/W)
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14. Permission Control (PMS)

Register 14.11: PMS_APB_PERIPHERAL_0_REG (0x00CC)

\b
O
4
({g\?‘
&
&
& £
%/
& &
\ooooooooooooooooooooooooooooooo|o\Reset
PMS_APB_PERIPHERAL_LOCK Lock register. Setting to 1 locks TX Copy DMA permission control
registers. (R/W)
Register 14.12: PMS_OCCUPY_0_REG (0x00D4)
\k.
\/oO
A/
N}
S
@b\ OC)
Q)é S 7
& &
‘31 1 0‘
\oooooooooooooooooooooooooooooooo\Reset
PMS_OCCUPY_LOCK Lock register. Setting to 1 locks occupy permission control registers. (R/W)
Register 14.13: PMS_CACHE_TAG_ACCESS_0_REG (0x00E4)
\E.
O
%\/’O
oc’{&
?\
/\VQ/
\2\/
é"’& %QVO
%) /
& &
‘31 1 0‘
\oooooooooooooooooooooooooooooooo\Reset
PMS_CACHE_TAG_ACCESS_LOCK Lock register. Setting to 1 locks cache tag permission control
registers. (R/W)
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14. Permission Control (PMS)

Register 14.14: PMS_CACHE_MMU_ACCESS_0_REG (0x00EC)

<
\2\
& 5
el @%/
N <
‘31 1 0‘
\oooooooooooooooooooooooooooooooo\Reset
PMS_CACHE_MMU_ACCESS_LOCK Lock register. Setting to 1 locks cache MMU permission con-
trol registers. (R/W)
Register 14.15: PMS_CLOCK_GATE_REG_REG (0x0104)
%
<
& >
%) /
N ™
\ooooooooooooooooooooooooooooooo1\Reset
PMS_CLK_EN Enable the clock of permission control module when set to 1. (R/W)
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14. Permission Control (PMS)

Register 14.16: PMS_PRO_IRAMO_1_REG (0x0014)

B o [o [ <]+ ]

(o] ]o]
\o 0 000 00 O0OOTG 0O OTU OGO 0O 0TO0TO 0O0 O o|1|1|1|1|1|1|1|1|1|1|1|1\Reset

PMS_PRO_IRAMO_SRAM_0_F Setting to 1 grants IBUS permission to fetch SRAM Block 0. (R/W)
PMS_PRO_IRAMO_SRAM_0_R Setting to 1 grants IBUS permission to read SRAM Block 0. (R/W)
PMS_PRO_IRAMO_SRAM_0_W Setting to 1 grants IBUS permission to write SRAM Block 0. (R/W)
PMS_PRO_IRAMO_SRAM_1_F Setting to 1 grants IBUS permission to fetch SRAM Block 1. (R/W)
PMS_PRO_IRAMO_SRAM_1_R Setting to 1 grants IBUS permission to read SRAM Block 1. (R/W)
PMS_PRO_IRAMO_SRAM_1_W Setting to 1 grants IBUS permission to write SRAM Block 1. (R/W)
PMS_PRO_IRAMO_SRAM_2_F Setting to 1 grants IBUS permission to fetch SRAM Block 2. (R/W)
PMS_PRO_IRAMO_SRAM_2_R Setting to 1 grants IBUS permission to read SRAM Block 2. (R/W)
PMS_PRO_IRAMO_SRAM_2_W Setting to 1 grants IBUS permission to write SRAM Block 2. (R/W)
PMS_PRO_IRAMO_SRAM_3_F Setting to 1 grants IBUS permission to fetch SRAM Block 3. (R/W)
PMS_PRO_IRAMO_SRAM_3_R Setting to 1 grants IBUS permission to read SRAM Block 3. (R/W)

PMS_PRO_IRAMO_SRAM_3_W Setting to 1 grants IBUS permission to write SRAM Block 3. (R/W)
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14. Permission Control (PMS)

Register 14.17: PMS_PRO_IRAMO0_2_REG (0x0018)

N Q70
of\@b %32323 0 OD” %
& RN &

B

23|22|21|20|19|1B|17|16 0‘

[o

oooooooo|1|1|1|1|1|1| 0 \Reset
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PMS_PRO_IRAMO_SRAM_4_SPLTADDR Configure the split address of SRAM Block 4-21 for IBUS
access. (R/W)

PMS_PRO_IRAMO_SRAM_4_L_F Setting to 1 grants IBUS permission to fetch SRAM Block 4-21
low address region. (R/W)

PMS_PRO_IRAMO_SRAM_4_L_R Setting to 1 grants IBUS permission to read SRAM Block 4-21
low address region. (R/W)

PMS_PRO_IRAMO_SRAM_4_L_W Setting to 1 grants IBUS permission to write SRAM Block 4-21
low address region. (R/W)

PMS_PRO_IRAMO_SRAM_4_H_F Setting to 1 grants IBUS permission to fetch SRAM Block 4-21
high address region. (R/W)

PMS_PRO_IRAMO_SRAM_4_H_R Setting to 1 grants IBUS permission to read SRAM Block 4-21
high address region. (R/W)

PMS_PRO_IRAMO_SRAM_4_H_W Setting to 1 grants IBUS permission to write SRAM Block 4-21
high address region. (R/W)
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14. Permission Control (PMS)

Register 14.18: PMS_PRO_IRAMO0_3_REG (0x001C)

\000000000000000111111 0 \Reset

PMS_PRO_IRAMO_RTCFAST_SPLTADDR Configure the split address of RTC FAST for IBUS ac-
cess. (R/W)

PMS_PRO_IRAMO_RTCFAST_L_F Setting to 1 grants IBUS permission to fetch RTC FAST low ad-
dress region. (R/W)

PMS_PRO_IRAMO_RTCFAST_L_R Setting to 1 grants IBUS permission to read RTC FAST low ad-
dress region. (R/W)

PMS_PRO_IRAMO_RTCFAST_L_W Setting to 1 grants IBUS permission to write RTC FAST low ad-
dress region. (R/W)

PMS_PRO_IRAMO_RTCFAST_H_F Setting to 1 grants IBUS permission to fetch RTC FAST high
address region. (R/W)

PMS_PRO_IRAMO_RTCFAST_H_R Setting to 1 grants IBUS permission to read RTC FAST high
address region. (R/W)

PMS_PRO_IRAMO_RTCFAST_H_W Setting to 1 grants IBUS permission to write RTC FAST high
address region. (R/W)

Espressif Systems 376 ESP32-S2 TRM (v1.1)
Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=1.1

14. Permission Control (PMS)

Register 14.19: PMS_PRO_DRAMO0_1_REG (0x002C)

Q\
N /\§Q
TR = R
vy &7 RS SRS
S55E 5 St
NSAQAQAA Nl NSO
Q@ s QVQ@ O@v OQ\V QYQQYQQYQQYQQY s
D <2QO Q007 07 OO0 RO OG0 07
6 7/ 7/ 7/ 7/ 7/ 7 7 e 7 7/ 7/ 7/ 7/
& SRR N PSSO SIS
‘31 29| 28 27 26 25 | 24 8 7 6 5 4 3 2 1 D‘
[o o of1]1]1 0 [ 1] 1 |Reset
PMS_PRO_DRAMO0O_SRAM_0_R Setting to 1 grants DBUSO permission to read SRAM Block O.
R/W)
PMS_PRO_DRAMO0O_SRAM_0_W Setting to 1 grants DBUSO permission to write SRAM Block 0.
R/W)
PMS_PRO_DRAMO0O_SRAM_1_R Setting to 1 grants DBUSO permission to read SRAM Block 1.
R/W)
PMS_PRO_DRAMO0O_SRAM_1_W Setting to 1 grants DBUSQ permission to write SRAM Block 1.
RW)
PMS_PRO_DRAMO0O_SRAM_2 R Setting to 1 grants DBUSO permission to read SRAM Block 2.
RW)
PMS_PRO_DRAMO_SRAM_2 W Setting to 1 grants DBUSO permission to write SRAM Block 2.
RW)
PMS_PRO_DRAMO_SRAM_3 R Setting to 1 grants DBUSO permission to read SRAM Block 3.
RW)
PMS_PRO_DRAMO_SRAM_3_W Setting to 1 grants DBUSQO permission to write SRAM Block 3.
RW)
PMS_PRO_DRAMO_SRAM_4_SPLTADDR Configure the split address of SRAM Block 4-21 for
DBUSO access. (R/W)
PMS_PRO_DRAMO_SRAM_4 L R Settingto 1 grants DBUSO permission to read SRAM Block 4-21
low address region. (R/W)
PMS_PRO_DRAMO_SRAM_4_L_W Setting to 1 grants DBUSO permission to write SRAM Block 4-
21 low address region. (R/W)
PMS_PRO_DRAMO0O_SRAM_4_H_R Settingto 1 grants DBUSO permission to read SRAM Block 4-21
high address region. (R/W)
PMS_PRO_DRAMO_SRAM_4_H_W Setting to 1 grants DBUSQ permission to write SRAM Block
4-21 high address region. (R/W)
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14. Permission Control (PMS)

Register 14.20:

PMS_PRO_DRAMO_2_REG (0x0030)
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& AR &
‘31 15| 14 13 12 11 10 0‘
\000000000000000001111 0 \Reset

PMS_PRO_DRAMO_RTCFAST_SPLTADDR Configure the split address of RTC FAST for DBUSO

access. (R/W)

PMS_PRO_DRAMO_RTCFAST_L_R Setting to 1 grants DBUSO permission to read RTC FAST low

address region. (R/W)

PMS_PRO_DRAMO_RTCFAST_L_W Setting to 1 grants DBUSO permission to write RTC FAST low

address region. (R/W)

PMS_PRO_DRAMO_RTCFAST_H_R Setting to 1 grants DBUSO permission to read RTC FAST high

address region. (R/W)

PMS_PRO_DRAMO_RTCFAST H_W Setting to 1 grants DBUSO permission to write RTC FAST high

address region. (R/W)
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14. Permission Control (PMS)

Register 14.21: PMS_PRO_DPORT_1_REG (0x0040)
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\oooooooooooo 0 BERERE 0 O\Reset

PMS_PRO_DPORT_APB_PERIPHERAL_FORBID Setting to 1 denies PeriBus1 bus’s access to
APB peripheral. (R/W)

PMS_PRO_DPORT_RTCSLOW_SPLTADDR Configure the split address of RTC FAST for PeriBus1
access. (R/W)

PMS_PRO_DPORT_RTCSLOW_L_R Setting to 1 grants PeriBus1 permission to read RTC FAST low
address region. (R/W)

PMS_PRO_DPORT_RTCSLOW_L W Setting to 1 grants PeriBus1 permission to write RTC FAST
low address region. (R/W)

PMS_PRO_DPORT_RTCSLOW_H_R Setting to 1 grants PeriBus1 permission to read RTC FAST
high address region. (R/W)

PMS_PRO_DPORT_RTCSLOW_H_W Setting to 1 grants PeriBus1 permission to write RTC FAST
high address region. (R/W)

PMS_PRO_DPORT_RESERVE_FIFO_VALID Configure whether to enable read protection for user-
configured FIFO address. (R/W)

Register 14.22: PMS_PRO_DPORT_2_REG (0x0044)
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\oooooooooooooo| 0x000 \Reset
PMS_PRO_DPORT_RESERVE_FIFO_0 Configure read-protection address 0. (R/W)
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14. Permission Control (PMS)

Register 14.23: PMS_PRO_DPORT_3_REG (0x0048)
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PMS_PRO_DPORT_RESERVE_FIFO_1 Configure read-protection address 1. (R/W)

Register 14.24: PMS_PRO_DPORT_4_REG (0x004C)
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PMS_PRO_DPORT_RESERVE_FIFO_2 Configure read-protection address 2. (R/W)
Register 14.25: PMS_PRO_DPORT_5_REG (0x0050)
2
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L
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]oooooooooooooo 0x000 ‘Reset
PMS_PRO_DPORT_RESERVE_FIFO_3 Configure read-protection address 3. (R/W)
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14. Permission Control (PMS)

Register 14.26: PMS_PRO_AHB_1_REG (0x0060)

S LRPRLLELOL
Q?Q)é .
X

PMS_PRO_AHB_RTCSLOW_0_SPLTADDR Configure the split address of RTCSlow_0 for PeriBus2

access. (R/W)

PMS_PRO_AHB_RTCSLOW _0_L_F Setting to 1 grants PeriBus2 permission to fetch RTCSlow_0
low address region. (R/W)

PMS_PRO_AHB_RTCSLOW _0_L R Setting to 1 grants PeriBus2 permission to read RTCSlow_0
low address region. (R/W)

PMS_PRO_AHB_RTCSLOW 0_L W Setting to 1 grants PeriBus2 permission to write RTCSlow_0

low address region. (R/W)

PMS_PRO_AHB_RTCSLOW_0_H_F Setting to 1 grants PeriBus2 permission to fetch RTCSlow_0

high address region. (R/W)

PMS_PRO_AHB_RTCSLOW_0_H_R Setting to 1 grants PeriBus2 permission to read RTCSlow_0
high address region. (R/W)

PMS_PRO_AHB_RTCSLOW_0_H_W Setting to 1 grants PeriBus2 permission to write RTCSlow_0
high address region. (R/W)
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14. Permission Control (PMS)

Register 14.27: PMS_PRO_AHB_2_REG (0x0064)

ra LRPRLLELOL
S RN
& AT

PMS_PRO_AHB_RTCSLOW_1_SPLTADDR Configure the split address of RTCSlow_1 for PeriBus2
access. (R/W)

PMS_PRO_AHB_RTCSLOW_1_L F Setting to 1 grants PeriBus2 permission to fetch RTCSlow_1
low address region. (R/W)

PMS_PRO_AHB_RTCSLOW_1_L R Setting to 1 grants PeriBus2 permission to read RTCSlow_1
low address region. (R/W)

PMS_PRO_AHB_RTCSLOW_1_L W Setting to 1 grants PeriBus2 permission to write RTCSlow_1

low address region. (R/W)

PMS_PRO_AHB_RTCSLOW_1_H_F Setting to 1 grants PeriBus2 permission to fetch RTCSlow_1

high address region. (R/W)

PMS_PRO_AHB_RTCSLOW_1_H_R Setting to 1 grants PeriBus2 permission to read RTCSlow_1
high address region. (R/W)

PMS_PRO_AHB_RTCSLOW_1_H_W Setting to 1 grants PeriBus2 permission to write RTCSlow_1
high address region. (R/W)

Register 14.28: PMS_PRO_TRACE_1_REG (0x0074)

&
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PMS_PRO_TRACE_DISABLE Setting to 1 disables the trace memory function. (R/W)
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14. Permission Control (PMS)

Register 14.29: PMS_PRO_CACHE_1_REG (0x007C)
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\oooooooooooooooo| 0 \Reset

PMS_PRO_CACHE_CONNECT Configure which SRAM Block will be occupied by Icache or Dcache.
R/W)
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14. Permission Control (PMS)

Register 14.30: PMS_DMA_APB_|_1_REG (0x0090)
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‘0001111 0 11111111‘Reset
PMS_DMA_APB_I_SRAM_0_R Setting to 1 grants internal DMA permission to read SRAM Block O.
RW)
PMS_DMA_APB_I_SRAM_0_W Setting to 1 grants internal DMA permission to write SRAM Block
0. (R/'W)
PMS_DMA_APB_I_SRAM_1_R Setting to 1 grants internal DMA permission to read SRAM Block 1.
RW)
PMS_DMA_APB_I_SRAM_1_W Setting to 1 grants internal DMA permission to write SRAM Block
1. (R'W)
PMS_DMA _APB_I_SRAM_2 R Setting to 1 grants internal DMA permission to read SRAM Block 2.
(R/W)
PMS_DMA_APB_I_SRAM_2_W Setting to 1 grants internal DMA permission to write SRAM Block
2. (R/W)
PMS_DMA_APB_I_SRAM_3_R Setting to 1 grants internal DMA permission to read SRAM Block 3.
R/W)
PMS_DMA_APB_I_SRAM_3_W Setting to 1 grants internal DMA permission to write SRAM Block
3. (R'W)
PMS_DMA_APB_I_SRAM_4_SPLTADDR Configure the split address of SRAM Block 4-21 for inter-
nal DMA access. (R/W)
PMS_DMA_APB_I_SRAM_4_L R Setting to 1 grants internal DMA permission to read SRAM Block
4-21 low address region. (R/W)
PMS_DMA_APB_I_SRAM_4 L W Setting to 1 grants internal DMA permission to write SRAM Block
4-21 low address region. (R/W)
PMS_DMA_APB_I_SRAM_4 H_R Setting to 1 grants internal DMA permission to read SRAM Block
4-21 high address region. (R/W)
PMS_DMA_APB_I_SRAM_4 H_W Setting to 1 grants internal DMA permission to write SRAM Block
4-21 high address region. (R/W)
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14. Permission Control (PMS)

Register 14.31: PMS_DMA_RX_I_1_REG (0x00AO0)
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PMS_DMA_RX_I_SRAM_0_R Setting to 1 grants RX Copy DMA permission to read SRAM Block O.
(R/W)

PMS_DMA_RX_I_SRAM_0_W Setting to 1 grants RX Copy DMA permission to write SRAM Block
0. (R'W)

PMS_DMA_RX_I_SRAM_1_R Setting to 1 grants RX Copy DMA permission to read SRAM Block 1.
RW)

PMS_DMA_RX_I_SRAM_1_W Setting to 1 grants RX Copy DMA permission to write SRAM Block
1. (R'W)

PMS_DMA_RX_I_SRAM_2_R Setting to 1 grants RX Copy DMA permission to read SRAM Block 2.
RW)

PMS_DMA_RX_I_SRAM_2_W Setting to 1 grants RX Copy DMA permission to write SRAM Block

2. (R'W)

PMS_DMA_RX_I_SRAM_3_R Setting to 1 grants RX Copy DMA permission to read SRAM Block 3.
(R/W)

PMS_DMA_RX_I_SRAM_3_W Setting to 1 grants RX Copy DMA permission to write SRAM Block
3. (R/W)

PMS_DMA_RX_I_SRAM_4_SPLTADDR Configure the split address of SRAM Block 4-21 for RX
Copy DMA access. (R/W)

PMS_DMA_RX_I_SRAM_4_L_R Setting to 1 grants RX Copy DMA permission to read SRAM Block
4-21 low address region. (R/W)

PMS_DMA_RX_I_SRAM_4_L W Setting to 1 grants RX Copy DMA permission to write SRAM Block
4-21 low address region. (R/W)

PMS_DMA_RX_I_SRAM_4_H_R Setting to 1 grants RX Copy DMA permission to read SRAM Block
4-21 high address region. (R/W)

PMS_DMA_RX_I_SRAM_4_H_W Setting to 1 grants RX Copy DMA permission to write SRAM Block
4 21 high address region. (R/W)
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14. Permission Control (PMS)

Register 14.32: PMS_DMA_TX_I_1_REG (0x00B0)
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PMS_DMA_TX_I_SRAM_0_R Setting to 1 grants TX Copy DMA permission to read SRAM Block O.
R/W)

PMS_DMA_TX_I_SRAM_0_W Setting to 1 grants TX Copy DMA permission to write SRAM Block O.
RW)

PMS_DMA_TX_I_SRAM_1_R Setting to 1 grants TX Copy DMA permission to read SRAM Block 1.
(RW)

PMS_DMA_TX_I_SRAM_1_W Setting to 1 grants TX Copy DMA permission to write SRAM Block 1.
RW)

PMS_DMA_TX_I_SRAM_2_R Setting to 1 grants TX Copy DMA permission to read SRAM Block 2.
(RW)

PMS_DMA_TX_I_SRAM_2_W Setting to 1 grants TX Copy DMA permission to write SRAM Block 2.
RW)

PMS_DMA_TX_I_SRAM_3_R Setting to 1 grants TX Copy DMA permission to read SRAM Block 3.
RW)

PMS_DMA_TX_I_SRAM_3_W Setting to 1 grants TX Copy DMA permission to write SRAM Block 3.
RW)

PMS_DMA_TX_I_SRAM_4_SPLTADDR Configure the split address of SRAM Block 4-21 for TX Copy
DMA access. (R/W)

PMS_DMA_TX_I_SRAM_4_L_R Setting to 1 grants TX Copy DMA permission to read SRAM Block
4-21 low address region. (R/W)

PMS_DMA_TX_I_SRAM_4_L_W Setting to 1 grants TX Copy DMA permission to write SRAM Block
4-21 low address region. (R/W)

PMS_DMA_TX_I_SRAM_4_H_R Setting to 1 grants TX Copy DMA permission to read SRAM Block
4-21 high address region. (R/W)

PMS_DMA_TX_I_SRAM_4_H_W Setting to 1 grants TX Copy DMA permission to write SRAM Block
4-21 high address region. (R/W)
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14. Permission Control (PMS)

Register 14.33: PMS_APB_PERIPHERAL_1_REG (0x00D0)

E o]

\ooooooooooooooooooooooooooooooo|1\Reset

PMS_APB_PERIPHERAL_SPLIT_BURST Setting to 1 splits the data phase of the last access and
the address phase of following access. (R/W)

Register 14.34: PMS_OCCUPY_1_REG (0x00D8)

PMS_OCCUPY_CACHE Configure whether SRAM Block 0-3 is used as cache memory. (R/W)

Register 14.35: PMS_OCCUPY_3_REG (0x00EO0)

‘31 18 | 17 0‘

‘OOOOOOOOOOOOOO 0 ‘Reset

PMS_OCCUPY_PRO_TRACE Configure one block of Block 4-21 is used as trace memory. (R/W)
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14. Permission Control (PMS)

Register 14.36: PMS_CACHE_TAG_ACCESS_1_REG (0x00ES8)
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PMS_PRO_I_TAG_RD_ACS Setting to 1 permits read access to Icache tag memory. (R/W)
PMS_PRO_I_TAG_WR_ACS Setting to 1 permits write access to Icache tag memory. (R/W)
PMS_PRO_D_TAG_RD_ACS Setting to 1 permits read access to Dcache tag memory. (R/W)
PMS_PRO_D_TAG_WR_ACS Setting to 1 permits write access to Dcache tag memory. (R/W)
Register 14.37: PMS_CACHE_MMU_ACCESS_1_REG (0x00F0)
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PMS_PRO_MMU_RD_ACS Setting to 1 permits read access to MMU memory. (R/W)
PMS_PRO_MMU_WR_ACS Setting to 1 permits write access to MMU memory. (R/W)
Register 14.38: PMS_PRO_IRAMO0_4_REG (0x0020)
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PMS_PRO_IRAMO_ILG_CLR The clear signal for IBUS access interrupt. (R/W)
PMS_PRO_IRAMO_ILG_EN The enable signal for IBUS access interrupt. (R/W)

PMS_PRO_IRAMO_ILG_INTR IBUS access interrupt signal. (RO)
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14. Permission Control (PMS)

Register 14.39: PMS_PRO_IRAMO0_5_REG (0x0024)
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PMS_PRO_IRAMO_ILG_ST Record the illegitimate information of IBUS. [21:2]: store the bits [21:2] of
IBUS address; [1]: 1 means data access, 0 means instruction access; [0]: 1 means write operation,
0 means read operation. (RO)

Register 14.40: PMS_PRO_DRAMO_3_REG (0x0034)
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PMS_PRO_DRAMO_ILG_CLR The clear signal for DBUSO access interrupt. (R/W)
PMS_PRO_DRAMO_ILG_EN The enable signal for DBUSO access interrupt. (R/W)
PMS_PRO_DRAMO_ILG_INTR DBUSO access interrupt signal. (RO)
Register 14.41: PMS_PRO_DRAMO0_4_REG (0x0038)
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PMS_PRO_DRAMO_ILG_ST Record the illegitimate information of DBUS. [25:6]: store the bits [21:2]
of DBUS address; [5]: 1 means atomic access, 0 means nonatomic access; [4]: 1 means write
operation, 0 means read operation; [3:0]: DBUSO bus byte enables. (RO)
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14. Permission Control (PMS)

Register 14.42: PMS_PRO_DPORT_6_REG (0x0054)
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PMS_PRO_DPORT_ILG_CLR The clear signal for PeriBus1 access interrupt. (R/W)
PMS_PRO_DPORT_ILG_EN The enable signal for PeriBus1 access interrupt. (R/W)
PMS_PRO_DPORT_ILG_INTR PeriBus1 access interrupt signal. (RO)
Register 14.43: PMS_PRO_DPORT_7_REG (0x0058)
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PMS_PRO_DPORT_ILG_ST Record the illegitimate information of PeriBus1. [25:6]: store the bits
[21:2] of PeriBus1 address; [5]: 1 means atomic access, O means nonatomic access; [4]: if bits
[31:22] of PeriBus1 address are 0xfd, then the bit value is 1, otherwise it is O; [3:0]: PeriBus 1 byte
enables. (RO)
Register 14.44: PMS_PRO_AHB_3_REG (0x0068)
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PMS_PRO_AHB_ILG_CLR The clear signal for PeriBus2 access interrupt. (R/W)
PMS_PRO_AHB_ILG_EN The enable signal for PeriBus2 access interrupt. (R/W)
PMS_PRO_AHB_ILG_INTR PeriBus2 access interrupt signal. (RO)
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14. Permission Control (PMS)

Register 14.45: PMS_PRO_AHB_4_REG (0x006C)

E ]

‘ 0 ‘Reset

PMS_PRO_AHB_ILG_ST Record the illegitimate information of PeriBus2. [31:2]: store the bits [31:2]
of PeriBus2 address; [1]: 1 means data access, O means instruction access; [0]: 1 means write
operation, 0 means read operation. (RO)

Register 14.46: PMS_PRO_CACHE_2_REG (0x0080)
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PMS_PRO_CACHE_ILG_CLR The clear signal for cache access interrupt. (R/W)
PMS_PRO_CACHE_ILG_EN The enable signal for cache access interrupt. (R/W)
PMS_PRO_CACHE_ILG_INTR Cache access interrupt signal. (RO)
Register 14.47: PMS_PRO_CACHE_3_REG (0x0084)
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PMS_PRO_CACHE_ILG_ST_I Record the illegitimate information of Icache to access memory. [16]:
access enable, active low; [15:4]: store the bits [11:0] of address; [3:0]: Icache bus byte enables,
active low. (RO)
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14. Permission Control (PMS)

Register 14.48: PMS_PRO_CACHE_4_REG (0x0088)
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PMS_PRO_CACHE_ILG_ST_D Record the illegitimate information of Dcache to access memory.
[16]: access enable, active low; [15:4]: store the bits [11:0] of address; [3:0]: Dcache bus byte
enables, active low. (RO)

Register 14.49: PMS_DMA_APB_|_2_REG (0x0094)

|
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PMS_DMA_APB_I_ILG_CLR The clear signal for internal DMA access interrupt. (R/W)

PMS_DMA_APB_I_ILG_EN The enable signal for internal DMA access interrupt. (R/W)

PMS_DMA_APB_I_ILG_INTR Internal DMA access interrupt signal. (RO)

K
&

Register 14.50: PMS_DMA_APB_|_3_REG (0x0098)
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\ooooooooo| 0 \Reset

PMS_DMA_APB_I_ILG_ST Record the illegitimate information of Internal DMA. [22:6]: store the bits
[18:2] of address; [5]: if bits [31:19] of address are 0x7ff, then the bit value is 1, otherwise it is O;
[4]: 1 means write operation, O means read operation; [3:0]: Internal DMA bus byte enables. (RO)
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14. Permission Control (PMS)

Register 14.51: PMS_DMA_RX_I_2_REG (0x00A4)

SIS
o

P

N/ N/

AN
et
N
R Kbt
& RS
‘ 31 3 1 | 0 ‘

B
\ooooooooooooooooooooooooooooo|o|o|o\Reset

2

PMS_DMA_RX_I_ILG_CLR The clear signal for RX Copy DMA access interrupt. (R/W)
PMS_DMA_RX_I_ILG_EN The enable signal for RX Copy DMA access interrupt. (R/W)

PMS_DMA_RX_I_ILG_INTR RX Copy DMA access interrupt signal. (RO)

Register 14.52: PMS_DMA_RX_|_3_REG (0x00AS8)
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PMS_DMA_RX_I_ILG_ST Record the illegitimate information of RX Copy DMA. [22:6]: store the bits
[18:2] of address; [5]: if bits [31:19] of address are 0x7ff, then the bit value is 1, otherwise it is O; [4]:
1 means write operation, O means read operation; [3:0]: RX Copy DMA bus byte enables. (RO)

Register 14.53: PMS_DMA_TX_|_2_REG (0x00B4)
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PMS_DMA_TX_I_ILG_CLR The clear signal for TX Copy DMA access interrupt. (R/W)
PMS_DMA_TX_I_ILG_EN The enable signal for TX Copy DMA access interrupt. (R/W)

PMS_DMA_TX_I_ILG_INTR TX Copy DMA access interrupt signal. (RO)
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14. Permission Control (PMS)

Register 14.54: PMS_DMA_TX_I_3_REG (0x00B8)
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PMS_DMA_TX_I_ILG_ST Record the illegitimate information of TX Copy DMA. [22:6]: store the bits
[18:2] of address; [5]: if bits [31:19] of address are 0x7ff, then the bit value is 1, otherwise it is O;
[4]: 1 means write operation, O means read operation; [3:0]: TX Copy DMA bus byte enables. (RO)

Register 14.55: PMS_APB_PERIPHERAL_INTR_REG (0x00F4)
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PMS_APB_PERI_BYTE_ERROR_CLR The clear signal for APB peripheral interrupt. (R/W)
PMS_APB_PERI_BYTE_ERROR_EN The enable signal for APB peripheral access interrupt. (R/W)
PMS_APB_PERI_BYTE_ERROR_INTR APB peripheral access interrupt signal. (RO)
Register 14.56: PMS_APB_PERIPHERAL_STATUS_REG (0x00F8)
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PMS_APB_PERI_BYTE_ERROR_ADDR Record the illegitimate address of APB peripheral. (RO)

Espressif Systems 394 ESP32-S2 TRM (v1.1)

Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=1.1

14. Permission Control (PMS)

Register 14.57: PMS_CPU_PERIPHERAL_INTR_REG (0x00FC)
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PMS_CPU_PERI_BYTE_ERROR_CLR The clear signal for CPU peripheral access interrupt. (R/W)
PMS_CPU_PERI_BYTE_ERROR_EN The enable signal for CPU peripheral access interrupt. (R/W)

PMS_CPU_PERI_BYTE_ERROR_INTR CPU peripheral access interrupt signal. (RO)

Register 14.58: PMS_CPU_PERIPHERAL_STATUS_REG (0x0100)

&
?90
&’
&
&
&
N/
36*
62\)
&7
&
‘ 31 0 ‘
‘ 0 ‘Reset

PMS_CPU_PERI_BYTE_ERROR_ADDR Record the illegitimate address of CPU peripheral. (RO)

Register 14.59: PMS_DATE_REG (0x0FFC)
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PMS_DATE Version control register. (R/W)
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15. System Registers (SYSTEM)

15. System Registers (SYSTEM)

15.1 Overview

The ESP32-S2 integrates a large number of peripherals, and enables the control of individual peripherals to
achieve optimal characteristics in performance-vs-power-consumption scenarios. Specifically, ESP32-S2 has a
various of system configuration registers that can be used for the chip’s clock management (clock gating), power
management, and the configuration of peripherals and core-system modules. This chapter lists all these system
registers and their functions.

15.2 Features
ESP32-S2 system registers can be used to control the following peripheral blocks and core modules:

e System and memory

Reset and clock

Interrupt matrix

eFuse controller

¢ Low-power management

Peripheral clock gating and reset

15.3 Function Description

15.3.1 System and Memory Registers
The following registers are used for system and memory configuration, such as cache configuration and memory
remapping. For additional information, please refer to Chapter 3 System and Memory.

e SYSTEM_ROM_CTRL_O_REG

e SYSTEM_ROM_CTRL_1_REG

e SYSTEM_SRAM_CTRL_O_REG

e SYSTEM_SRAM_CTRL_1_REG

e SYSTEM_SRAM_CTRL_2_REG

o SYSTEM_RSA_PD_CTRL_REG

e SYSTEM_MEM_PD_MASK_REG

e SYSTEM_CACHE_CONTROL_REG

o SYSTEM_BUSTOEXTMEM_ENA_REG

e SYSTEM_EXTERNAL_DEVICE_ENCRYPT_DECRYPT_CONTROL_REG

ROM Power Consumption Control

Registers SYSTEM_ROM_CTRL_0_REG and SYSTEM_ROM_CTRL_1_REG can be used to control the power
consumption of ESP32-S2’s ROM. Specifically:
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e Setting different bits of the SYSTEM_ROM_FO field in register SYSTEM_ROM_CTRL_0_REG forces on the
clock gates of different blocks of ROM.

o Setting different bits of the SYSTEM_ROM_FORCE_PD field in register SYSTEM_ROM_CTRL_1_REG

powers down different blocks of internal ROM.

e Setting different bits of the SYSTEM_ROM_FORCE_PU field in register SYSTEM_ROM_CTRL_1_REG
powers up different blocks of internal ROM.

For detailed information about the controlling bits of different blocks, please see Table 87 below.

Table 87: ROM Controlling Bit

ROM Lowest Address1 | Highest Address1 | Lowest Address2 | Highest Address2 | Controlling Bit
BlockO 0x4000_0000 O0x4000_FFFF - - BitO
Block1 0x4001_2000 O0x4001_FFFF Ox3FFA_0000 Ox3FFA_FFFF Bit1

SRAM Power Consumption Control

Registers SYSTEM_SRAM_CTRL_0_REG, SYSTEM_SRAM_CTRL_1_REG, and SYSTEM_SRAM_CTRL_2_REG
can be used to control the power consumption of ESP32-S2’s internal SRAM. Specifically,

e Setting different bits of the SYSTEM_SRAM_FO field in register SYSTEM_SRAM_CTRL_0_REG forces on
the clock gates of different blocks of internal SRAM.

e Setting different bits of the SYSTEM_SRAM_FORCE_PD field in register SYSTEM_SRAM_CTRL_1_REG

powers down different blocks of internal SRAM.

o Setting different bits of the SYSTEM_SRAM_FORCE_PU field in register SYSTEM_SRAM_CTRL_2_REG
powers up different blocks of internal SRAM.

For detailed information about the controlling bits of different blocks, please see Table 88 below.

Table 88: SRAM Controlling Bit

SRAM Lowest Address1 | Highest Address1 | Lowest Address2 | Highest Address2 | Controlling Bit
BlockO 0x4002_0000 0x4002_1FFF Ox3FFB_0000 Ox3FFB_1FFF BitO
Block1 0x4002_2000 0x4002_3FFF Ox3FFB_2000 Ox3FFB_3FFF Bit1
Block2 0x4002_4000 0x4002_5FFF Ox3FFB_4000 Ox3FFB_5FFF Bit2
Block3 0x4002_6000 0x4002_7FFF Ox3FFB_6000 Ox3FFB_7FFF Bit3
Block4 0x4002_8000 0x4002_BFFF O0x3FFB_8000 Ox3FFB_BFFF Bit4
Block5 0x4002_C000 0x4002_FFFF Ox3FFB_C000 Ox3FFB_FFFF Bit5
Block6 0x4003_0000 0x4003_3FFF Ox3FFC_0000 Ox3FFC_3FFF Bit6
Block7 0x4003_4000 0x4003_7FFF Ox3FFC_4000 OX3FFC_7FFF Bit7
Block8 0x4003_8000 0x4003_BFFF Ox3FFC_8000 Ox3FFC_BFFF Bit8
Block9 0x4003_C000 0x4003_FFFF Ox3FFC_C000 Ox3FFC_FFFF Bit9
Block10 0x4004_0000 0x4004_3FFF Ox3FFD_0000 Ox3FFD_3FFF Bit10
Block11 0x4004_4000 0x4004_7FFF Ox3FFD_4000 Ox3FFD_7FFF Bit11
Block12 0x4004_8000 0x4004_BFFF Ox3FFD_8000 Ox3FFD_BFFF Bit12
Block13 0x4004_C000 0x4004_FFFF Ox3FFD_C000 Ox3FFD_FFFF Bit13
Block14 0x4005_0000 0x4005_3FFF Ox3FFE_0000 Ox3FFE_3FFF Bit14
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Block15 0x4005_4000 O0x4005_7FFF Ox3FFE_4000 Ox3FFE_7FFF Bit15
Block16 0x4005_8000 Ox4005_BFFF Ox3FFE_8000 Ox3FFE_BFFF Bit16
Block17 0x4005_C000 0x4005_FFFF Ox3FFE_C000 Ox3FFE_FFFF Bit17
Block18 0x4006_0000 0x4006_3FFF Ox3FFF_0000 Ox3FFF_3FFF Bit18
Block19 0x4006_4000 0x4006_7FFF Ox3FFF_4000 Ox3FFF_7FFF Bit19
Block20 0x4006_8000 0x4006_BFFF Ox3FFF_8000 Ox3FFF_BFFF Bit20
Block21 0x4006_C000 0x4006_FFFF Ox3FFF_C000 Ox3FFF_FFFF Bit21

15.3.2 Reset and Clock Registers
The following registers are used for reset and clock. For additional information, please refer to Chapter 6 Reset
and Clock.

e SYSTEM_CPU_PER_CONF_REG
e SYSTEM_SYSCLK_CONF_REG

e SYSTEM_BT_LPCK_DIV_FRAC_REG

15.3.3 Interrupt Matrix Registers
The following registers are used for generating the CPU interrupt signals for the interrupt matrix. For additional
information, please refer to Chapter 8 Interrupt Matrix (INTERRUPT)

e SYSTEM_CPU_INTR_FROM_CPU_O_REG
e SYSTEM_CPU_INTR_FROM_CPU_1_REG
e SYSTEM_CPU_INTR_FROM_CPU_2_REG

e SYSTEM_CPU_INTR_FROM_CPU_3_REG

15.3.4 JTAG Software Enable Registers
The following registers are used for revoking the temporary disable of eFuse to JTAG. For additional information,
please refer to Chapter 19 HMAC Accelerator (HMAC).

e SYSTEM_JTAG_CTRL_O0_REG

SYSTEM_JTAG_CTRL_1_REG

SYSTEM_JTAG_CTRL_2_REG

SYSTEM_JTAG_CTRL_3_REG

SYSTEM_JTAG_CTRL_4_REG

SYSTEM_JTAG_CTRL_5_REG

SYSTEM_JTAG_CTRL_6_REG

SYSTEM_JTAG_CTRL_7_REG

15.3.5 Low-power Management Registers
The following registers are used for low-power management. For additional information, please refer to Chapter 9
Low-Power Management (RTC_CNTL).

e SYSTEM_RTC_FASTMEM_CONFIG_REG
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e SYSTEM_RTC_FASTMEM_CRC_REG

15.3.6 Peripheral Clock Gating and Reset Registers
The following registers are used for controlling the clock gating and reset of different peripherals. Details can be

seen in Table 89.

SYSTEM_CPU_PERI_CLK_EN_REG
SYSTEM_CPU_PERI_RST_EN_REG
SYSTEM_PERIP_CLK_ENO_REG
SYSTEM_PERIP_RST_ENO_REG
SYSTEM_PERIP_CLK_EN1_REG
SYSTEM_PERIP_RST_EN1_REG

Table 89: Peripheral Clock Gating and Reset Bits

Peripheral Clock Enabling Bit* Reset Controlling Bit??

CPU Peripherals SYSTEM_CPU_PERI_CLK_EN_REG SYSTEM_CPU_PERI_RST_EN_REG
DEDICATED GPIO SYSTEM_CLK_EN_DEDICATED_GPIO | SYSTEM_RST_EN_DEDICATED_GPIO
Peripherals SYSTEM_PERIP_CLK_ENO_REG SYSTEM_PERIP_RST_ENO_REG
Timers SYSTEM_TIMERS_CLK_EN SYSTEM_TIMERS_RST

Timer GroupO SYSTEM_TIMERGROUP_CLK_EN SYSTEM_TIMERGROUP_RST

Timer Group1 SYSTEM_TIMERGROUP1_CLK_EN SYSTEM_TIMERGROUP1_RST

System Timer

SYSTEM_SYSTIMER_CLK_EN

SYSTEM_SYSTIMER_RST

UARTO SYSTEM_UART_CLK_EN SYSTEM_UART_RST
UART1 SYSTEM_UART1_CLK_EN SYSTEM_UART1_RST
UART MEM SYSTEM_UART_MEM_CLK_EN 4 SYSTEM_UART_MEM_RST
SPI0, SPI1 SYSTEM_SPIO1_CLK_EN SYSTEM_SPIO1_RST
SPI2 SYSTEM_SPI2_CLK_EN SYSTEM_SPI2_RST

SPI3 SYSTEM_SPI3_DMA_CLK_EN SYSTEM_SPI3_RST

SPI4 SYSTEM_SPI4_CLK_EN SYSTEM_SPI4_RST

SPI12 DMA SYSTEM_SPI2_DMA_CLK_EN SYSTEM_SPI2_DMA_RST
SPI3 DMA SYSTEM_SPI3_DMA_CLK_EN SYSTEM_SPI3_DMA_RST
12C0O SYSTEM_I2C_EXTO_CLK_EN SYSTEM_I2C_EXTO_RST
12C1 SYSTEM_I2C_EXT1_CLK_EN SYSTEM_I2C_EXT1_RST
1250 SYSTEM_I2S0_CLK_EN SYSTEM_I2S0_RST

1251 SYSTEM_I251_CLK_EN SYSTEM_I251_RST

TWAI Controller SYSTEM_CAN_CLK_EN SYSTEM_CAN_RST
UHCIO SYSTEM_UHCIO_CLK_EN SYSTEM_UHCIO_RST
UHCH1 SYSTEM_UHCI1_CLK_EN SYSTEM_UHCI1_RST
USB SYSTEM_USB_CLK_EN SYSTEM_USB_RST

RMT SYSTEM_RMT_CLK_EN SYSTEM_RMT_RST
PCNT SYSTEM_PCNT_CLK_EN SYSTEM_PCNT_RST
PWMO SYSTEM_PWMO_CLK_EN SYSTEM_PWMO_RST
PWM1 SYSTEM_PWM1_CLK_EN SYSTEM_PWM1_RST
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PWM2 SYSTEM_PWM2_CLK_EN SYSTEM_PWM2_RST

PWM3 SYSTEM_PWM3_CLK_EN SYSTEM_PWM3_RST

LED_PWM Controller SYSTEM_LEDC_CLK_EN SYSTEM_LEDC_RST

eFuse SYSTEM_EFUSE_CLK_EN SYSTEM_EFUSE_RST

APB SARADC SYSTEM_APB_SARADC_CLK_EN SYSTEM_APB_SARADC_RST

ADC2 ARB SYSTEM_ADC2_ARB_CLK_EN SYSTEM_ADC2_ARB_RST

WDG SYSTEM_WDG_CLK_EN SYSTEM_WDG_RST

Accelerators SYSTEM_PERIP_CLK_EN1_REG SYSTEM_PERIP_RST_EN1_REG

DMA SYSTEM_CRYPTO_DMA_CLK_EN SYSTEM_CRYPTO_DMA_RST °

HMAC SYSTEM_CRYPTO_HMAC_CLK_EN SYSTEM_CRYPTO_HMAC_RST ¢

Digital Signature SYSTEM_CRYPTO_DS_CLK_EN SYSTEM_CRYPTO_DS_RST *

RSA Accelerator SYSTEM_CRYPTO_RSA_CLK_EN SYSTEM_CRYPTO_RSA_RST

SHA Accelerator SYSTEM_CRYPTO_SHA_CLK_EN SYSTEM_CRYPTO_SHA_RST

AES Accelerator SYSTEM_CRYPTO_AES_CLK_EN SYSTEM_CRYPTO_AES_RST
Note:

1. Set the clock enable register to 1 to enable the clock, and to 0 to disable the clock;

A 0D

Reset registers are not cleared by hardware.

UART memory from entering the clock-gated state.

o

Crypto DMA is shared by AES and SHA accelerators.

Set the reset enabling register to 1 to reset a peripheral, and to 0 to disable the reset.

UART memory is shared by all UART peripherals, meaning having any active UART peripherals will prevent the

6. Resetting this bit also resets the SHA accelerator.

7. Resetting this bit also resets the AES, SHA, and RSA accelerators.
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15.4 Base Address

Users can access the system registers with base address, which can be seen in the following table. For more
information about accessing system registers, please see Chapter 3 System and Memory.

Table 90: System Register Base Address

Bus to Access Peripheral Base Address
PeriBUST 0x3F4C0000

15.5 Register Summary
The addresses in the following table are relative to the system registers base addresses provided in Section
15.4.

Name ‘ Description Address | Access
System and Memory Registers
SYSTEM_ROM_CTRL_0_REG System ROM configuration register O Ox0000 | R/W
SYSTEM_ROM_CTRL_1_REG System ROM configuration register 1 0x0004 | R/W
SYSTEM_SRAM_CTRL_0_REG System SRAM configuration register O 0x0008 | R/W
SYSTEM_SRAM_CTRL_1_REG System SRAM configuration register 1 0x000C | R/W
SYSTEM_SRAM_CTRL_2_REG System SRAM configuration register 2 0x0088 | R/W
SYSTEM_MEM_PD_MASK_REG Memory power-related controlling register (under | Ox003C | R/W
low-sleep)
SYSTEM_RSA_PD_CTRL_REG RSA memory remapping register 0x0068 | R/W
SYSTEM_BUSTOEXTMEM_ENA_REG EDMA enable register 0x006C | R/W
SYSTEM_CACHE_CONTROL_REG Cache control register 0x0070 | R/W
SYSTEM_EXTERNAL_DEVICE_ENCRYPT_ | External memory encrypt and decrypt controlling 0074 | RAW
DECRYPT_CONTROL_REG register
Reset and Clock Registers
SYSTEM_CPU_PER_CONF_REG CPU peripheral clock configuration register 0x0018 | R/W
SYSTEM_BT_LPCK_DIV_FRAC_REG Divider fraction configuration register for low- | Ox0054 | R/W
power clock
SYSTEM_SYSCLK_CONF_REG SoC clock configuration register 0x008C | Varies
Interrupt Matrix Registers
SYSTEM_CPU_INTR_FROM_CPU_0_REG | CPU interrupt controlling register O 0x0058 | R/W
SYSTEM_CPU_INTR_FROM_CPU_1_REG | CPU interrupt controlling register 1 0x005C | R/W
SYSTEM_CPU_INTR_FROM_CPU_2_REG | CPU interrupt controlling register 2 0x0060 | R/W
SYSTEM_CPU_INTR_FROM_CPU_3_REG | CPU interrupt controlling register 3 0x0064 | R/W
JTAG Software Enable Registers
SYSTEM_JTAG_CTRL_O_REG JTAG configuration register O 0x001C | WO
SYSTEM_JTAG_CTRL_1_REG JTAG configuration register 1 0x0020 | WO
SYSTEM_JTAG_CTRL_2_REG JTAG configuration register 2 0x0024 | WO
SYSTEM_JTAG_CTRL_3_REG JTAG configuration register 3 0x0028 | WO
SYSTEM_JTAG_CTRL_4_REG JTAG configuration register 4 0x002C | WO
SYSTEM_JTAG_CTRL_5_REG JTAG configuration register 5 0x0030 | WO
SYSTEM_JTAG_CTRL_6_REG JTAG configuration register 6 0x0034 | WO
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Name Description Address | Access
SYSTEM_JTAG_CTRL_7_REG JTAG configuration register 7 0x0038 | WO
Low-Power Management Registers
SYSTEM_RTC_FASTMEM_CONFIG_REG | RTC fast memory configuration register 0x0078 | Varies
SYSTEM_RTC_FASTMEM_CRC_REG RTC fast memory CRC controlling register 0x007C | RO
Peripheral Clock Gating and Reset Registers
SYSTEM_CPU_PERI_CLK_EN_REG CPU peripheral clock enable register 0x0010 | R/W
SYSTEM_CPU_PERI_RST_EN_REG CPU peripheral reset register 0x0014 | R/W
SYSTEM_PERIP_CLK_ENO_REG System peripheral clock (for hardware accelera- | 0x0040 | R/W
tors) enable register O
SYSTEM_PERIP_CLK_EN1_REG System peripheral clock (for hardware accelera- | 0x0044 | R/W
tors) enable register 1
SYSTEM_PERIP_RST_ENO_REG System peripheral (hardware accelerators) reset | Ox0048 | R/W
register O
SYSTEM_PERIP_RST_EN1_REG System peripheral (hardware accelerators) reset | Ox004C | R/W
register 1
Version Register
SYSTEM_DATE_REG Version control register ‘ OXOFFC | R/W
15.6 Registers
The addresses below are relative to the system registers base addresses provided in Section 15.4.
Register 15.1: SYSTEM_ROM_CTRL_0_REG (0x0000)
O
@O&
& &
& S
E T
\oooooooooooooooooooooooooooooo|0x3\Reset
SYSTEM_ROM_FO This field is used to force on clock gate of internal ROM. For details, please refer
to Table 87. (R/W)
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Register 15.2: SYSTEM_ROM_CTRL_1_REG (0x0004)

) QO
c5<’8 c5<’8
s
L L
& o
S SR
NG & &
& £ &£
\oooooooooooooooooooooooooooo|3|0\Reset
SYSTEM_ROM_FORCE_PD This field is used to power down internal ROM. For details, please refer
to Table 87. (R/W)
SYSTEM_ROM_FORCE_PU This field is used to power up internal ROM. For details, please refer to
Table 87. (R/W)
Register 15.3: SYSTEM_SRAM_CTRL_0_REG (0x0008)
Q
?\@/
Q\
5 g
Q)GQP &Q/@
& &
‘31 22|21 0‘
\oooooooooo Oxafffff \Reset
SYSTEM_SRAM_FO This field is used to force on clock gate of internal SRAM. For details, please
refer to Table 88. (R/W)
Register 15.4: SYSTEM_SRAM_CTRL_1_REG (0x000C)
QO
c5</g
&
S b
& &
& o
‘ 31 22 | 21 0 ‘
\oooooooooo| 0 \Reset
SYSTEM_SRAM_FORCE_PD This field is used to power down internal SRAM. For details, please
refer to Table 88. (R/W)
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Register 15.5: SYSTEM_CPU_PERI_CLK_EN_REG (0x0010)

Q\O
&
X
O
%
Q
@/
\[_./
O\/
(@b\ &®¥ :4 D D
P © P B
NS S @ N

SYSTEM_CLK_EN_DEDICATED_GPIO Set this bit to enable clock of DEDICATED GPIO module.
For details, please refer to Chapter 5 /0 MUX and GFIO Matrix (GPIO, 10_MUX). (R/W)

Register 15.6: SYSTEM_CPU_PERI_RST_EN_REG (0x0014)

@)
N
&
&
X
O
QQ/
%/
&’
N 7 '
@ S i
& RN o)
g 2N NS
‘31 8|7|6|5 0‘
\oooooooooooooooooooooooo|1|1|oooooo\Rese»c

SYSTEM_RST_EN_DEDICATED_GPIO Set this bit to reset DEDICATED GPIO module. (R/W)
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Register 15.7: SYSTEM_CPU_PER_CONF_REG (0x0018)

\oooooooooooooooooooooooo 0x0 110\Reset

SYSTEM_CPUPERIOD_SEL This field is used to select the clock frequency of CPU or CPU period.
For details, please refer to Table 48 in Chapter 6 Reset and Clock. (R/W)

SYSTEM_PLL_FREQ_SEL This field is used to select the PLL clock frequency based on CPU period.
For details, please refer to Table 48 in Chapter 6 Reset and Clock. (R/W)

SYSTEM_CPU_WAIT_MODE_FORCE_ON Set this bit to force on CPU wait mode. In this mode,
the clock gate of CPU is turned off until any interrupts happen. This mode could also be force on
via WAITI instruction. (R/W)

SYSTEM_CPU_WAITI_DELAY_NUM Sets the number of delay cycles to enter CPU wait mode after
a WAITI instruction. (R/W)

Register 15.8: SYSTEM_JTAG_CTRL_0_REG (0x001C)

E ]

‘ 0 ‘Reset

SYSTEM_CANCEL_EFUSE_DISABLE_JTAG_TEMPORARY_0 Stores the O to 31 bits of the 256
bits register used to cancel the temporary disable of eFuse to JTAG. For details, please refer to
Chapter 19 HMAC Accelerator (HMAC). (WO)
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Register 15.9: SYSTEM_JTAG_CTRL_1_REG (0x0020)

A
&
QO
N\
L&
&
N
\(5//
QD
&
%
\)"o
&
&
8
L&
S
2
‘ 31 0 ‘
‘ 0 ‘Reset

SYSTEM_CANCEL_EFUSE_DISABLE_JTAG_TEMPORARY_1 Stores the 32 to 63 bits of the 256
bits register used to cancel the temporary disable of eFuse to JTAG. For details, please refer to
Chapter 19 HMAC Accelerator (HMAC). (WO)

Register 15.10: SYSTEM_JTAG_CTRL_2_REG (0x0024)

LY
§‘
Q\
QO
R
L&
&
N
\{5//
Q
&
Q
&7
N
&
&
O?‘
£
S
‘ 31 0 ‘
‘ 0 ‘Reset

SYSTEM_CANCEL_EFUSE_DISABLE_JTAG_TEMPORARY_2 Stores the 64 to 95 bits of the 256
bits register used to cancel the temporary disable of eFuse to JTAG. For details, please refer to
Chapter 19 HMAC Accelerator (HMAC). (WO)
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Register 15.11: SYSTEM_JTAG_CTRL_3_REG (0x0028)

A
o
QO
X
L&
&
N
\(5//
QD
&
%
\)“o
&
&
Q?‘
Q/ 7/
&

B

|

‘Reset

SYSTEM_CANCEL_EFUSE_DISABLE_JTAG_TEMPORARY_3 Stores the 96 to 127 bits of the 256
bits register used to cancel the temporary disable of eFuse to JTAG. For details, please refer to
Chapter 19 HMAC Accelerator (HMAC). (WO)

Register 15.12: SYSTEM_JTAG_CTRL_4_REG (0x002C)

|

‘Reset

SYSTEM_CANCEL_EFUSE_DISABLE_JTAG_TEMPORARY_4 Stores the 128 to 159 bits of the
256 bits register used to cancel the temporary disable of eFuse to JTAG. For details, please refer
to Chapter 19 HMAC Accelerator (HMAC). (WO)
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Register 15.13: SYSTEM_JTAG_CTRL_5_REG (0x0030)

12
©
Q\
QO
X
L&
&
N
\(5//
QD
&
%
\)“o
&
&
Q?‘
Q/ 7/
&

B

|

‘Reset

SYSTEM_CANCEL_EFUSE_DISABLE_JTAG_TEMPORARY_5 Stores the 160 to 191 bits of the
256 bits register used to cancel the temporary disable of eFuse to JTAG. For details, please refer
to Chapter 19 HMAC Accelerator (HMAC). (WO)

Register 15.14: SYSTEM_JTAG_CTRL_6_REG (0x0034)

|

‘Reset

SYSTEM_CANCEL_EFUSE_DISABLE_JTAG_TEMPORARY_6 Stores the 192 to 223 bits of the
256 bits register used to cancel the temporary disable of eFuse to JTAG. For details, please refer
to Chapter 19 HMAC Accelerator (HMAC). (WO)
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Register 15.15: SYSTEM_JTAG_CTRL_7_REG (0x0038)

g
&
&
QO
N\
L&
&
N
\(5//
QD
&
%
\)"o
&
&
8
L&
S
2
‘ 31 0 ‘
‘ 0 ‘ Reset

SYSTEM_CANCEL_EFUSE_DISABLE_JTAG_TEMPORARY_7 Stores the 224 to 255 bits of the
256 bits register used to cancel the temporary disable of eFuse to JTAG. For details, please refer
to Chapter 19 HMAC Accelerator (HMAC). (WO)

Register 15.16: SYSTEM_MEM_PD_MASK_REG (0x003C)

\J\_
s
Q/
<
&/
N
\9/
v
& >
é &
& S
‘31 1 0‘
\ooooooooooooooooooooooooooooooo1\Reset
SYSTEM_LSLP_MEM_PD_MASK Set this bit to allow the memory to work as usual when the chip
enters light sleep. (R/W)
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Register 15.17: SYSTEM_PERIP_CLK_ENO_REG (0x0040)

SYSTEM_CPU_PERI_CLK_ENO_REG Configures this register to enable different peripheral clocks.
For details, please refer to Table 89.

Register 15.18: SYSTEM_PERIP_CLK_EN1_REG (0x0044)

S OO
i RN NN
& O © OO L O F

SYSTEM_CRYPTO_AES_CLK_EN Set this bit to enable clock of cryptography AES. (R/W)
SYSTEM_CRYPTO_SHA_CLK_EN Set this bit to enable clock of cryptography SHA. (R/W)
SYSTEM_CRYPTO_RSA_CLK_EN Set this bit to enable clock of cryptography RSA. (R/W)

SYSTEM_CRYPTO_DS_CLK_EN Set this bit to enable clock of cryptography digital signature. (R/W)

SYSTEM_CRYPTO_HMAC_CLK_EN Set this bit to enable clock of cryptography HMAC. (R/W)

SYSTEM_CRYPTO_DMA_CLK_EN Set this bit to enable clock of cryptography DMA. (R/W)
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REG (0x0048)

PERIP_RST_ENO

Register 15.19: SYSTEM

oo Lo o] o oo o oo o o o o o o o o o o o o o o o o o o o]0 o] rue

gures this register to reset different peripherals. For details,

please refer to Table 89.

SYSTEM_PERIP_RST_ENO_REG Confi

REG (0x004C)

PERIP_RST_EN1

Register 15.20: SYSTEM

B

00 00 00 o|1|1|1|1|1|1|0\Reset

o

0O 0 O

0

gures this register to reset different accelerators. For details,

SYSTEM_PERIP_RST_EN1_REG Confi

please refer to Table 89.
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15. System Registers (SYSTEM)

Register 15.21: SYSTEM_BT_LPCK_DIV_FRAC_REG (0x0054)

S

%) Q
@Q’G @Q’é

STSS TS S N NS

29|28|27|26|25|24|23 12|11 0‘

0 o|o|o|o|w|o| 1 | 1 \Reset

SYSTEM_LPCLK_SEL_RTC_SLOW Set this bit to select RTC_SLOW_CLK as the low power clock.
(R/W)

SYSTEM_LPCLK_SEL_8M Set this bit to select RC_FAST_CLK as the low power clock. (R/W)
SYSTEM_LPCLK_SEL_XTAL Set this bit to select XTAL_CLK as the low power clock. (R/W)

SYSTEM_LPCLK_SEL_XTAL32K Set this bit to select XTAL32K_CLK as the low power clock. (R/W)

SYSTEM_LPCLK_RTC_EN Set this bit to enable the RTC low power clock. (R/W)

Register 15.22: SYSTEM_CPU_INTR_FROM_CPU_0_REG (0x0058)

&
«‘bﬁéj@
S
Q)GQJ& @&20
& £
\oooooooooooooooooooooooooooooooo\Reset
SYSTEM_CPU_INTR_FROM_CPU_0 Set this bit to generate CPU interrupt 0. This bit needs to be
reset by software in the ISR process. (R/W)
Register 15.23: SYSTEM_CPU_INTR_FROM_CPU_1_REG (0x005C)
&
&
' o\&
%Q)GQ) /\&g?
\@) %4%
\31 1| 0 \
\oooooooooooooooooooooooooooooooo\Reset
SYSTEM_CPU_INTR_FROM_CPU_1 Set this bit to generate CPU interrupt 1. This bit needs to be
reset by software in the ISR process. (R/W)
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15. System Registers (SYSTEM)

Register 15.24: SYSTEM_CPU_INTR_FROM_CPU_2_REG (0x0060)

\oooooooooooooooooooooooooooooooo\Rese»c

SYSTEM_CPU_INTR_FROM_CPU_2 Set this bit to generate CPU interrupt 2. This bit needs to be
reset by software in the ISR process. (R/W)

Register 15.25: SYSTEM_CPU_INTR_FROM_CPU_3_REG (0x0064)

\oooooooooooooooooooooooooooooooo\Reset

SYSTEM_CPU_INTR_FROM_CPU_3 Set this bit to generate CPU interrupt 3. This bit needs to be
reset by software in the ISR process. (R/W)

Register 15.26: SYSTEM_RSA_PD_CTRL_REG (0x0068)

SYSTEM_RSA_MEM_PD Set this bit to power down RSA memory. This bit has the lowest priority.
When Digital Signature occupies the RSA, this bit is invalid. (R/W)

SYSTEM_RSA_MEM_FORCE_PU Set this bit to force power up RSA memory. This bit has the
second highest priority. (R/W)

SYSTEM_RSA_MEM_FORCE_PD Set this bit to force power down RSA memory. This bit has the
highest priority. (R/W)
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Register 15.27: SYSTEM_BUSTOEXTMEM_ENA_REG (0x006C)

((/%V‘
e
O
@0%&
N 7
Q,&b &
& &
\ooooooooooooooooooooooooooooooo1\Reset
SYSTEM_BUSTOEXTMEM_ENA Set this bit to enable bus to EDMA. (R/W)
Register 15.28: SYSTEM_CACHE_CONTROL_REG (0x0070)
%
o5
Ry
S
0?* QQ \Q?‘
. LR’
& S
\,\Q;% 6\%6\%6\%
‘31 31 2 1 0‘
\oooooooooooooooooooooooooooooo11\Reset
SYSTEM_PRO_ICACHE_CLK_ON Set this bit to enable clock of i-cache. (R/W)
SYSTEM_PRO_DCACHE_CLK_ON Set this bit to enable clock of d-cache. (R/W)
SYSTEM_PRO_CACHE_RESET Set this bit to reset cache. (R/W)
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Register 15.29: SYSTEM_EXTERNAL_DEVICE_ENCRYPT_DECRYPT_CONTROL_REG (0x0074)

& &
S & S
NNy QQ/V@
Q/ Q/ 0/ V/
e@v e&v e@v &
NN
PP K
% DR
N > S > O
(@b &
(%) A
& & &6
N s & &

SYSTEM_ENABLE_SPI_MANUAL_ENCRYPT Set this bit to enable Manual Encryption under SPI
Boot mode. (R/W)

SYSTEM_ENABLE_DOWNLOAD_DB_ENCRYPT Set this bit to enable Auto Encryption under
Download Boot mode. (R/W)

SYSTEM_ENABLE_DOWNLOAD_GOCB_DECRYPT Set this bit to enable Auto Decryption under
Download Boot mode. (R/W)

SYSTEM_ENABLE_DOWNLOAD_MANUAL_ENCRYPT Set this bit to enable Manual Encryption
under Download Boot mode. (R/W)

Register 15.30: SYSTEM_RTC_FASTMEM_CONFIG_REG (0x0078)

3 &
3 & & ¥
Q7 Q7 Q7 Q7
X R QX QX
& 2 & 2 & 7 & 2
o o o o
A N N N
7 7 7 7 N
< < < & 5
S S S S @
‘31 30 20|19 9|8|7 0‘
\ 0 | ox7ff | 0x0 | 0 |o 0 0 00 0 0 O‘Reset

SYSTEM_RTC_MEM_CRC_START Set this bit to start the CRC of RTC memory. (R/W)
SYSTEM_RTC_MEM_CRC_ADDR This field is used to set address of RTC memory for CRC. (R/W)

SYSTEM_RTC_MEM_CRC_LEN This field is used to set length of RTC memory for CRC based on
start address. (R/W)

SYSTEM_RTC_MEM_CRC_FINISH This bit stores the status of RTC memory CRC. High level means
finished while low level means not finished. (RO)
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Register 15.31: SYSTEM_RTC_FASTMEM_CRC_REG (0x007C)

&
&
@QSV
<07
@/
£
‘ 31 0 ‘
‘ 0 ‘Reset

SYSTEM_RTC_MEM_CRC_RES This field stores the CRC result of RTC memory. (RO)

Register 15.32: SYSTEM_SRAM_CTRL_2_REG (0x0088)

N
S
Fe
@)
<
@/
e
N S
S /
5 &
& °
& )
‘31 22|21 0‘
\oooooooooo Ox3Hfff \Reset

SYSTEM_SRAM_FORCE_PU This field is used to power up internal SRAM. For details, please refer
to Table 88. (R/W)

Register 15.33: SYSTEM_SYSCLK_CONF_REG (0x008C)

& o $
b o o
S O\\”L—/ @OQ/ &
O
Q)&@ é\&/ %«@ ’ %,\Q/ .
)
@ S S S
‘31 19 | 18 12| 11 109 0‘
oo 0o 00 0o o000 00 0 0 oxd |Reset

SYSTEM_PRE_DIV_CNT This field is used to set the count of prescaler of XTAL_CLK. For details,
please refer to Table 50 in Chapter 6 Reset and Clock. (R/W)

SYSTEM_SOC_CLK_SEL This field is used to select SOC clock. For details, please refer to Table 48
in Chapter 6 Reset and Clock. (R/W)

SYSTEM_CLK_XTAL_FREQ This field is used to read XTAL frequency in MHz. (RO)
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Register 15.34: SYSTEM_DATE_REG (0xOFFC)

OVS((/
&
©
IS @?
5 N
& ©
N ©
\o 0 0 o0 0x1908020 \Reset
SYSTEM_DATE Version control register. (R/W)
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16. SHA Accelerator (SHA)

16. SHA Accelerator (SHA)

16.1 Introduction

ESP32-S2 integrates an SHA accelerator, which is a hardware device that speeds up SHA algorithm significantly,
compared to SHA algorithm implemented solely in software. The SHA accelerator integrated in ESP32-S2 has
two working modes, which are Typical SHA and DMA-SHA.

16.2 Features
The following functionality is supported:

e All the hash algorithms introduced in FIPS PUB 180-4 Spec.

- SHA-1
- SHA-224
- SHA-256
- SHA-384
- SHA-512
- SHA-512/224
- SHA-512/256
- SHA-512/t
e Two working modes
- Typical SHA
- DMA-SHA
¢ |nterleave function when working in Typical SHA working mode

¢ |nterrupt function when working in DMA-SHA working mode

16.3 Working Modes
The SHA accelerator integrated in ESP32-S2 has two working modes: Typical SHA and DMA-SHA.

e Typical SHA Working Mode: all the data is written and read via CPU directly.

¢ DMA-SHA Working Mode: all the data is read via crypto DMA. That is, users can configure the DMA
controller to read all the data needed for hash operation, thus releasing CPU for completing other tasks.

Users can start the SHA accelerator with different working modes by configuring registers SHA_START_REG and
SHA_DMA_START_REG. For details, please see Table 92.
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16. SHA Accelerator (SHA)

Table 92: SHA Accelerator Working Mode

Working Mode | Configuration Method
Typical SHA Set SHA_START_REG to 1
DMA-SHA Set SHA_DMA_START_REG to 1

Users can choose hash algorithms by configuring the SHA_MODE_REG register. For details, please see Table
98.

Table 93: SHA Hash Algorithm

Hash Algorithm | SHA_MODE_REG Configuration
SHA-1 0

SHA-224
SHA-256
SHA-384
SHA-512
SHA-512/224
SHA-512/256
SHA-512/t

N[O~ IN] =

Notice:
ESP32-S2’s Digital Signature (DS) and HMAC Accelerator (HMAC) modules also call the SHA accelerator.
Therefore, users cannot access the SHA accelerator when these modules are working.

16.4 Function Description
SHA accelerator can generate the message digest via two steps: Preprocessing and Hash operation.

16.4.1 Preprocessing
Preprocessing consists of three steps: padding the message, parsing the message into message blocks and
setting the initial hash value.

16.4.1.1 Padding the Message

The SHA accelerator can only process message blocks of 512 or 1024 bits, depending on the algorithm. Thus,
all the messages should be padded to a multiple of 512 or 1024 bits before the hash computation.

Suppose that the length of the message M is m bits. Then M shall be padded as introduced below:
e SHA-1, SHA-224 and SHA-256
1. First, append the bit “1” to the end of the message;

2. Second, append k zero bits, where k is the smallest, non-negative solution to the equation
m-+1+k =448 mod 512;

3. Last, append the 64-bit block that is equal to the number m expressed using a binary representation.

Espressif Systems 419 ESP32-S2 TRM (v1.1)
Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=1.1
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e SHA-384, SHA-512, SHA-512/224, SHA-512/256 and SHA-512/t
1. First, append the bit “1” to the end of the message;

2. Second, append k zero bits, where k is the smallest, non-negative solution to the equation
m-+1+k =896 mod 1024;

3. Last, append the 128-bit block that is equal to the number m expressed using a binary representation.

For more details, please refer to Section “5.1 Padding the Message” in FIPS PUB 180-4 Spec.

16.4.1.2 Parsing the Message

The message and its padding must be parsed into N 512-bit or 1024-bit blocks.

* For SHA-1, SHA-224 and SHA-256: the message and its padding are parsed into N 512-bit blocks, MM,
M®, . MWN) Since the 512 bits of the input block may be expressed as sixteen 32-bit words, the first

32 bits of message block ¢ are denoted M, the next 32 bits are Mgi), and so on up to l\/Igf))

* For SHA-384, SHA-512, SHA-512/224, SHA-512/256 and SHA-512/t: the message and its padding are
parsed into N 1024-bit blocks. Since the 1024 bits of the input block may be expressed as sixteen 64-bit
words, the first 64 bits of message block ¢ are denoted M’ the next 64 bits are Mgi), and so on up to I\/Igg)

In Typical SHA working mode, all the message blocks are written into the SHA_M_n_REG, following the rules
below:

* For SHA-1, SHA-224 and SHA-256: Méi) is stored in SHA_M_O_REG, Mgi) stored in SHA_M_1_REG, ...,
and M{? stored in SHA_M_15_REG.

e For SHA-384, SHA-512, SHA-512/224 and SHA-512/256: the most significant 32 bits and the least
significant 32 bits of I\/Iéi) are stored in SHA_M_0_REG and SHA_M_1_REG, respectively, ..., the most
significant 32 bits and the least significant 32 bits of M%) are stored in SHA_M_30_REG and
SHA_M_31_REG, respectively.

Note:

For more information about “message block”, please refer to Section “2.1 Glossary of Terms and Acronyms” in FIPS PUB
180-4 Spec.

In DMA-SHA working mode, please complete the following configuration:
1. Create an external linked list;

2. Configure this linked list based on the instruction described in Chapter 2 DMA Coniroller (DMA), including
but not limited to assigning the starting address of the input message to the buffer address pointer of the
linked list;

3. Configure the CRYPTO_DMA_OUTLINK_ADDR to the first out-link linked list;
4. Write 1 to register CRYPTO_DMA_OUTLINK_START, so the DMA starts to move data;

5. Write 1 to register CRYPTO_DMA_AES_SHA_SELECT_REG, so the SHA accelerator gets to use the DMA
resource shared by AES and SHA accelerators.
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16.4.1.3 Initial Hash Value

Before hash computation begins for each of the secure hash algorithms, the initial Hash value H® must be set
based on different algorithms, among which the SHA-1, SHA-224, SHA-256, SHA-384, SHA-512, SHA-512/224,
and SHA-512/256 algorithms use the initial Hash values (constant C) stored in the hardware.

However, SHA-512/t requires a distinct initial hash value for each operation for a given value of ¢t. Simply put,
SHA-512/t is the generic name for a t-bit hash function based on SHA-512 whose output is truncated to ¢ bits. ¢
is any positive integer without a leading zero such that <512, and ¢ is not 384. The initial hash value for
SHA-512/t for a given value of t can be calculated by performing SHA-512 from hexadecimal representation of
the string “SHA-512/¢”. It's not hard to observe that when determining the initial hash values for SHA-512/t
algorithms with different ¢, the only difference lies in the value of t.

Therefore, we have specially developed the following simplified method to calculate the initial hash value for
SHA-512/t:

1. Generate t_string and t_length: t_string is a 32-bit data that stores the input message of t. t_length is a
7-bit data that stores the length of the input message. The t_string and t_length are generated in methods
described below, depending on the value of t:

o If1 <=1t <=9, thent_length = 7'h48 and t_string is padded in the following format:

8'h3to | o1 | 230

where ty = t.
For example, if t = 8, then ¢ty = 8 and ¢_string = 32'h38800000.

e If 10 <=1t <= 99, then t_length = 7'h50 and t_string is padded in the following format:

| &'h3t, | 8h3te | 11 | 150

where, to = t%10 and t; = ¢/10.
For example, if t = 56, then ¢y = 6, t; = 5, and t_string = 32'h35363000.

e [f 100 <=t < 512, then t_length = 7'h58 and t_string is padded in the following format:

| 8'h3ty | 8'h3t [ §n3ty [ 101 | 700

where, to = t%10, t; = (t/10)%10, and ¢ = ¢/100.
For example, if t = 231, thentqg = 1, t; = 3, t2 = 2, and t_string = 32'h32333180.

2. Initialize relevant registers: Initialize SHA_T_STRING_REG and SHA_T_LENGTH_REG with the
generated t_string and t_length in the previous step.

3. Obtain initial hash value: Set the SHA_MODE_REG register to 7. Set the SHA_START_REG register to 1
to start the SHA accelerator. Then poll register SHA_BUSY_REG until the content of this register becomes
0, indicating the calculation of initial hash value is completed.

Please note that the initial value for SHA-512/t can be also calculated according to the Section “5.3.6 SHA-512/¢”
in FIPS PUB 180-4 Spec, that is performing SHA-512 operation (with its initial hash value set to the result of
8-bitwise XOR operation of C and 0xab) from the hexadecimal representation of the string “SHA-512/¢”.
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16.4.2 Hash Computation Process

After the preprocessing, the ESP32-S2 SHA accelerator starts to hash a message M and generates message
digest of different lengths, depending on different hash algorithms. As described above, the ESP32-S2 SHA
accelerator supports two working modes, which are Typical SHA and DMA-SHA. The operation process for the
SHA accelerator under two working modes is described in the following subsections.

16.4.2.1 Typical SHA Process

ESP32-S2 SHA accelerator supports “interleave” functionality when working under Typical SHA mode:

¢ Type “alone”: Users do not insert any new computation before the SHA accelerator completes all the
message blocks.

¢ Type “interleave”: Users can insert new computations (both Typical SHA task and DMA-SHA task) every
time the SHA accelerator completes one message block. To be more specific, users can store the message
digest in registers SHA_H_n_REG after completing each message block, and assign the accelerator with
other higher priority tasks. After the inserted task completes, users can put the message digest stored
back to registers SHA_H_n_REG, and resume the accelerator with the previously paused computation.

Typical 