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1. System and Memory

1. System and Memory

1.1 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.

1.2 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 1-1 illustrates the system structure and address mapping.
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1. 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 1-1. 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.

1.8 Functional Description

1.3.1 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 matter. 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;
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1. System and Memory

e access modules / peripherals via data bus.

Table 1 lists the address ranges on the data bus and instruction bus and their corresponding target

memory.

Some internal and external memory can be accessed via both data bus and instruction bus. In such cases, the

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

Table 1: 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 1MB Peripherals
Ox3F50_0000 | Ox3FF7_FFFF | 10.5 MB | External memory
Ox3FF8_0000 | Ox3FF9_DFFF Reserved
Data bus Ox3FF9_EO0O0 | Ox3FFF_FFFF | 392 KB | Internal memory
Instruction bus 0x4000_0000 | 0x4007_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

1.3.2

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

Table 2: 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 O YES
Ox3FFB_8000 | Ox3FFF_FFFF | 288 KB Internal SRAM 1 YES

Espressif Systems

Submit Documentation Feedback

24

ESP32-S2 TRM (Preliminary VO0.4)



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=0.4

1. 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.

1.3.2.1

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 2.

1.3.2.2

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 2.

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.

1.3.2.3

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 2.

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.

1.3.2.4

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 2.

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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1. System and Memory

1.3.2.5 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 2.

1.3.2.6 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 2.

RTC SLOW Memory can also be used as a peripheral addressable to the CPU via either Ox3F42_1000 ~
Ox3F42_2FFF or 0x6002_1000 ~ 0x6002_2FFF on the data bus.

1.3.3 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.

1.3.3.1 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 3 lists the mapping between the cache and the corresponding address ranges on the data bus and
instruction bus.

Table 3: 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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1. System and Memory

1.3.3.2 Cache

As shown in Figure 1-2, 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 1.3.2.3). 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 1-2. Cache Structure

1.3.3.3 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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1.3.4 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 4. With DMA, some of them can
only access internal memory, some can access both internal and external memory.

Table 4: Peripherals with DMA Support

| UARTO | UART1 |
| SPI2 | SPI3 |
| 1250 |
’ ADC Controller ‘
| |
| |

Copy DMA
AES Accelerator | SHA Accelerator

1.3.5 Modules / Peripherals

The CPU can access modules / peripherals via address range 0x3F40_0000 ~ O0x3F4F_FFFF on the data bus, or
via 0x6000_0000 ~ O0x600B_FFFF and 0x6180_0000 ~ 0x6180_3FFF shared by the data bus and instruction
bus.

1.3.56.1 Naming Conventions for Peripheral Buses

There are two peripheral buses defined as follows:

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

e 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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1. System and Memory

1.3.5.2 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.

1.3.5.3 Module / Peripheral Address Mapping

Table 5 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 5: 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 | Ox0000_1FFF
SPI1 0x0000_2000 | 0x0000_2FFF 4KB | 1,2
SPIO 0x0000_3000 | OxO0000_3FFF 4KB | 1,2
GPIO 0x0000_4000 | 0Ox0000_4FFF 4KB | 1,2
Reserved 0x0000_5000 | Ox0000_6FFF
TIMER 0x0000_7000 | Ox0000_7FFF 4KB | 1,
RTC 0x0000_8000 | Ox0000_8FFF 4KB | 1,
IO MUX 0x0000_9000 | OxO000_9FFF 4KB | 1,
Reserved 0x0000_A000 | OxO000_EFFF
12S0 O0x0000_F0O00 | OxO000_FFFF 4KB | 1,2,83
UARTT 0x0001_0000 | 0Ox0001_OFFF 4KB | 1,2,3
Reserved 0x0001_1000 | Ox0001_2FFF
12C0 0x0001_3000 | Ox0001_3FFF 4KB | 1,2,3
UHCIO 0x0001_4000 | 0x0001_4FFF 4KB | 1,2
Reserved 0x0001_5000 | Ox0001_5FFF
RMT 0x0001_6000 | 0Ox0001_6FFF 4KB | 1,2,3
PCNT 0x0001_7000 | 0x0001_7FFF 4KB | 1,2
Reserved 0x0001_8000 | 0Ox0001_8FFF
LED PWM Controller 0x0001_9000 | 0x0001_9FFF 4KB | 1,2
eFuse Controller 0x0001_A000 | OxO001_AFFF 4KB | 1,2
Reserved 0x0001_B0O00 | 0x0001_EFFF
Timer Group O 0x0001_FO00 | 0x0001_FFFF 4KB | 1,2
Timer Group 1 0x0002_0000 | 0x0002_OFFF 4KB | 1,2
RTC SLOW Memory 0x0002_1000 | 0x0002_2FFF 8KB | 1,2,3
System Timer 0x0002_3000 | 0x0002_3FFF 4KB | 1,2
SPI2 0x0002_4000 | 0x0002_4FFF 4KB | 1,2
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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 1.3.5.4).

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

1.3.5.4 Addresses with Restricted Access from PeriBus1

As mentioned in Section 1.3.5.2, PeriBus1 features speculative reads, which means it is forbidden to read FIFO
registers. Table 6 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.
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Table 6: 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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2. Reset and Clock

2.1 Reset

2.1.1 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 2-1
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
ANA|
WIFI PERI NALOG
system_reset -
Co-Processor
chip_reset >
DIG_GPIO RTC_GPIO

Figure 2-1. System Reset

CPU Reset: Only resets CPU core. Once such reset is released, programs will be executed from CPU reset
vector.

Core Reset: Resets the whole digital system except RTC, including CPU, peripherals, Wi-Fi, and digital
GPIOs.

System Reset: Resets the whole digital system, including RTC.

Chip Reset: Resets the whole chip.

2.1.2 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 7 lists different reset sources and the types of reset they trigger.
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2. Reset and Clock

Table 7: 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 13 Watchdog Timers
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 28 Low-power Management
0x07 | MWDTO global reset Core Reset See Chapter 13 Watchdog Timers
0x08 | MWDT1 global reset Core Reset See Chapter 13 Watchdog Timers
0x09 | RWDT core reset Core Reset See Chapter 13 Watchdog Timers
0x0B | MWDTO CPU reset CPU Reset See Chapter 13 Watchdog Timers
0x0C | Software CPU reset CPU Reset Triggered by configuring RTC_CNTL_SW_PROCPU_RST
OxOD | RWDT CPU reset CPU Reset See Chapter 13 Watchdog Timers
Ox11 | MWDT1 CPU reset CPU Reset See Chapter 13 Watchdog Timers
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).

¢ 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 28 Low-power Management.

2.2 Clock

2.21

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
2-2 shows the system clock structure.
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PLL CLK

APLL_CLK 5 divA

5| o CPU_CLK J cpu
D Ll
RTC8M_CLK I =
> divA
XTAL_CLK N APB_GEN APB_CLK
| > divA LOW_POWER _CLK WIFI

NES »—»‘ REF_GEN| . REF TICK
E IEE———
o
-
HP | LEDC_SCLK PERI

vy v

APLL_CLK R
{PLL_160M_CLK
PLL_DIV >
— |
RTC CLK
| x E—
o]
XTAL32K_CLK ! o= SLOW_CLK N
% >
RTC8M D256 CLK g
'/UV RTC

FAST CLK

v

+.Q
g
|
FAST_MUX

Figure 2-2. System Clock

2.2.2 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

RTC8M_CLK (8 MHz by default): internal oscillator with adjustable frequency

RTC8M_D256_CLK (31.250 kHz by default): internal clock derived from RTC8M_CLK divided by 256

RTC_CLK (90 kHz by default): internal oscillator with adjustable frequency
* Audio clock for audio-related devices

— APLL_CLK (16 MHz ~ 128 MH2z): internal Audio PLL clock

2.2.3 CPU Clock

As Figure 2-2 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.
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Users can set PLL_CLK, APLL_CLK, RTC8M_CLK or XTAL_CLK as CPU_CLK clock source by configuring
register SYSTEM_SOC_CLK_SEL, see Table 8 and Table 9.

Table 8: CPU_CLK Source

SYSTEM_SOC_CLK_SEL Value Clock Source
0 XTAL_CLK

1 PLL_CLK

2 RTC8M_CLK
3 APLL_CLK

Table 9: 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 = RTC8M_CLK / (SYSTEM_PRE_DIV_CNT + 1)
RTC8M_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).

- 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).
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2. Reset and Clock

2.2.4 Peripheral Clock
Peripheral clocks include APB_CLK, REF_TICK, LEDC_PWM_CLK, APLL_CLK and PLL_160M_CLK. Table 10
shows which clock can be used by which peripheral.

Table 10: Peripheral Clock Usage

Peripheral APB_CLK | REF_TICK | LEDC_PWM_CLK | APLL_CLK | PLL_160M_CLK
TIMG Y
12S

UHCI

UART

RMT
LED_PWM

12C

SPI

PCNT

eFuse Controller
SARADC/DAC
USB

CRYPTO Y
TWAI Controller
System Timer

Y Y

<|=<|=<|=<|=<|=<|=<|=<|=<|=<]|=<|[=<]
<|=<|=<|=<
_<

<

<

2.2.4.1 APB_CLK Source

APB_CLK is determined by the clock source of CPU_CLK as shown in Table 11.

Table 11: APB_CLK Source

CPU_CLK Source APB_CLK
PLL_CLK 80 MHz
APLL_CLK CPU_CLK /2
XTAL_CLK CPU_CLK
RTC8M_CLK CPU_CLK

2.2.4.2 REF _TICK Source

REF_TICK is derived from XTAL_CLK or RTC8M_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 RTC8M_CLK is set as CPU clock
source, REF_TICK will be divided from RTC8M_CLK. In such way, REF_TICK frequency remains unchanged
when APB_CLK changes its clock source. Table 12 shows the configuration of these clock divider

registers.
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Table 12: REF_TICK Source

CPU_CLK Source Clock Divider Register
PLL_CLK | XTAL_CLK | APLL_CLK APB_CTRL_XTAL_TICK_NUM
RTC8M_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).

2.2.4.3 LEDC PWM CLK Source

LEDC_PWM_CLK clock source is selected by configuring register LEDC_APB_CLK_SEL, as shown in Table
13.

Table 13: LEDC_PWM_CLK Source

LEDC_APB_CLK_SEL Value LEDC_PWM_CLK Source
0 (Default) -

1 APB_CLK

2 RTC8M_CLK

3 XTAL_CLK

2.2.4.4 APLL _SCLK Source

APLL_CLK is sourced from PLL_CLK, and its output frequency is configured using APLL configuration registers.
See Section 2.2.7 for more information.

2.2.4.5 PLL_160M_CLK Source

PLL_160M_CLK is divided from PLL_CLK according to current PLL frequency.

2.2.4.6 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 10.

LED module uses RTC8M_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
RTC8M_CLK.

2.2.5 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, RTC8M_CLK or SLOW_CLK (the low clock selected by
RTC) as its clock source for Wi-Fi in low-power mode.
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2.2.6 RTC Clock
The clock sources for SLOW_CLK and FAST_CLK are low-frequency clocks. RTC module can operate when
most other clocks are stopped.

SLOW_CLK derived from RTC_CLK, XTAL32K_CLK or RTC8M_D256_CLK is used to clock Power Management
module.

FAST_CLK is used to clock On-chip Sensor module. It can be sourced from a divided XTAL_CLK or from
RTC8M_CLK.

2.2.7 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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3. Chip Boot Control

3. Chip Boot Control

3.1 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 chip reset
triggered by power-on, brown-out or by analog super watchdog (see Chapter 2 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, GPIO0O, 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 14).

Table 14: 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.

3.2 Boot Mode
GPIO0 and GPIO46 control the boot mode after reset.

Table 15: Boot Mode

Pin SPI Boot Download Boot
GPIOO 1 0
GPIO46 X 0

Table 15 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.

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 0 (default), software can switch the chip from SPI boot
mode to download boot mode by setting register RTC_CNTL_FORCE_DOWNLOAD_BOOT and triggering

Espressif Systems 39
Submit Documentation Feedback

ESP32-S2 TRM (Preliminary VO0.4)



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=0.4
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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 FFUSE_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.

3.3 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 16: 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.

] 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).

3.4 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 Rgpr. 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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4. Interrupt Matrix

4.1 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.

4.2 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 4-1.

PRO_CPU Config

Peripheral Interrupt Source

Interrupt
Matrix

Y

Interrupt Reg

Config Port

A

Status Port

-l
Bl

\ INTERRUPT_PRO_NMI_MASK_HW f

Interrupt Ctrl

PRO_CPU Peripheral Interrupt»

Figure 4-1. Interrupt Matrix Structure

4.3 Functional Description

4.3.1 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 17.
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Table 17: CPU Peripheral Interrupt Configuration/Status Registers and Peripheral Interrupt Sources

Status Register

No. Source Configuration Register :
Bit Name
0 MAC_INTR INTERRUPT_PRO_MAC_INTR_MAP_REG 0
1 MAC_NMI INTERRUPT_PRO_MAC_NMI_MAP_REG 1
2 PWR_INTR INTERRUPT_PRO_PWR_INTR_MAP_REG 2
3 BB_INT INTERRUPT_PRO_BB_INT_MAP_REG 3
4 BT_MAC_INT INTERRUPT_PRO_BT_MAC_INT_MAP_REG 4
5 BT_BB_INT INTERRUPT_PRO_BT_BB_INT_MAP_REG 5
6 BT_BB_NMI INTERRUPT_PRO_BT_BB_NMI_MAP_REG 6
7 RWBT_IRQ INTERRUPT_PRO_RWBT_IRQ_MAP_REG 7
8 RWBLE_IRQ INTERRUPT_PRO_RWBLE_IRQ_MAP_REG 8
9 RWBT_NMI INTERRUPT_PRO_RWBT_NMI_MAP_REG 9
10 RWBLE_NMI INTERRUPT_PRO_RWBLE_NMI_MAP_REG 10
11 SLCO_INTR INTERRUPT_PRO_SLCO_INTR_MAP_REG 11
12 SLC1_INTR INTERRUPT_PRO_SLC1_INTR_MAP_REG 12
13 UHCIO_INTR INTERRUPT_PRO_UHCIO_INTR_MAP_REG 13
14 UHCI1_INTR INTERRUPT_PRO_UHCI1_INTR_MAP_REG 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 GPIO_INTERRUPT_APP INTERRUPT_PRO_GPIO_INTERRUPT_APP_MAP_REG 25
26 GPIO_INTERRUPT_APP_NMI INTERRUPT_PRO_GPIO_INTERRUPT_APP_NMI_MAP_REG | 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 [2S1_INT INTERRUPT_PRO_I2S1_INT_MAP_REG 4
37 UART_INTR INTERRUPT_PRO_UART_INTR_MAP_REG 5
38 UART1_INTR INTERRUPT_PRO_UART1_INTR_MAP_REG 6
39 UART2_INTR INTERRUPT_PRO_UART2_INTR_MAP_REG 7
40 SDIO_HOST_INTERRUPT INTERRUPT_PRO_SDIO_HOST_INTERRUPT_MAP_REG 8
41 PWMO_INTR INTERRUPT_PRO_PWMO_INTR_MAP_REG 9
42 PWM1_INTR INTERRUPT_PRO_PWM1_INTR_MAP_REG 10
43 PWM2_INTR INTERRUPT_PRO_PWM2_INTR_MAP_REG 1
44 PWMB_INTR INTERRUPT_PRO_PWM3_INTR_MAP_REG 12
45 LEDC_INT INTERRUPT_PRO_LEDC_INT_MAP_REG 13
46 EFUSE_INT INTERRUPT_PRO_EFUSE_INT_MAP_REG 14
a7 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 12C_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 SPI3_DMA_INT INTERRUPT_PRO_SPI3_DMA_INT_MAP_REG 26
59 WDG_INT INTERRUPT_PRO_WDG_INT_MAP_REG 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
77 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 SPI4_DMA_INT INTERRUPT_PRO_SPI4_DMA_INT_MAP_REG 21
86 DCACHE_PRELOAD_INT INTERRUPT_PRO_DCACHE_PRELOAD_INT_MAP_REG 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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4. Interrupt Matrix

4.3.2 CPU Interrupts
The CPU has 32 interrupts, including 26 peripheral interrupts and six internal interrupts. Table 18 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 18: 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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4. Interrupt Matrix

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

4.3.3 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 17.

¢ INTERRUPT_PRO_X_MAP_REG: stands for a peripheral interrupt configuration register, corresponding to
the peripheral interrupt source Source_X. In Table 17, the registers listed in column "Configuration Register”
correspond to the peripheral interrupt sources listed in column “Source”. For example, the configuration
register for source MAC_INTR is INTERRUPT_PRO_MAC_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 18).

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 18).

4.3.3.1 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.

4.3.3.2 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.

4.3.3.3 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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4. Interrupt Matrix

4.3.4 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 4-1. If the signal is set to high
level, CPU will not respond to NMI interrupt.

4.3.5 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 17.

4.4 Base Address

Users can access interrupt matrix with the base address as shown in Table 19. For more information, see
Chapter 1 System and Memory.

Table 19: Interrupt Matrix Base Address

Bus to Access Peripheral Base Address
PeriBUS Ox3F4C2000

4.5 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 4.4.
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Name Description Address | Access
Configuration registers

INTERRUPT_PRO_MAC_INTR_MAP_REG MAC_INTR interrupt configuration register 0x0000 | R/W
INTERRUPT_PRO_MAC_NMI_MAP_REG MAC_NMI interrupt configuration register 0x0004 | R/W
INTERRUPT_PRO_PWR_INTR_MAP_REG PWR_INTR interrupt configuration register 0x0008 | R/W
INTERRUPT_PRO_BB_INT_MAP_REG BB_INT interrupt configuration register 0x000C | R/W
INTERRUPT_PRO_BT_MAC_INT_MAP_REG BT_MAC_INT interrupt configuration register 0x0010 | R/W
INTERRUPT_PRO_BT_BB_INT_MAP_REG BT_BB_INT interrupt configuration register 0x0014 | R/W
INTERRUPT_PRO_BT_BB_NMI_MAP_REG BT_BB_NMI interrupt configuration register 0x0018 | R/W
INTERRUPT_PRO_RWBT_IRQ_MAP_REG RWBT_IRQ interrupt configuration register 0x001C | R/W
INTERRUPT_PRO_RWBLE_IRQ_MAP_REG RWBLE_IRQ interrupt configuration register 0x0020 | R/W
INTERRUPT_PRO_RWBT_NMI_MAP_REG RWBT_NMI interrupt configuration register 0x0024 | R/W
INTERRUPT_PRO_RWBLE_NMI_MAP_REG RWBLE_NMI interrupt configuration register 0x0028 | R/W
INTERRUPT_PRO_SLCO_INTR_MAP_REG SLCO_INTR interrupt configuration register 0x002C | R/W
INTERRUPT_PRO_SLC1_INTR_MAP_REG SLC1_INTR interrupt configuration register 0x0030 | R/W
INTERRUPT_PRO_UHCIO_INTR_MAP_REG UHCIO_INTR interrupt configuration register 0x0034 | R/W
INTERRUPT_PRO_UHCH _INTR_MAP_REG UHCIH _INTR interrupt configuration register 0x0038 | 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_GPIO_INTERRUPT_APP_MAP_REG GPIO_INTERRUPT_APP interrupt configuration register 0x0064 | R/W
INTERRUPT_PRO_GPIO_INTERRUPT_APP_NMI_MAP_REG | GPIO_INTERRUPT_APP_NMI interrupt configuration register | Ox0068 | R/W
INTERRUPT_PRO_DEDICATED_GPIO_IN_INTR_MAP_REG DEDICATED_GPIO_IN_INTR interrupt configuration register 0x006C | R/W
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Name Description Address | Access
INTERRUPT_PRO_CPU_INTR_FROM_CPU_0_MAP_REG CPU_INTR_FROM_CPU_Q 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_S 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_I2S0_INT_MAP_REG I2SO_INT interrupt configuration register 0x008C | R/W
INTERRUPT_PRO_I2S1_INT_MAP_REG I2S1_INT interrupt configuration register 0x0090 | 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_UART2_INTR_MAP_REG UART2_INT interrupt configuration register 0x009C | R/W
INTERRUPT_PRO_SDIO_HOST_INTERRUPT_MAP_REG SDIO_HOST_INTERRUPT configuration register O0x00A0 | R/W
INTERRUPT_PRO_PWMO_INTR_MAP_REG PWMO_INTR interrupt configuration register 0x00A4 | R/W
INTERRUPT_PRO_PWM1_INTR_MAP_REG PWM1_INTR interrupt configuration register Ox00A8 | R/W
INTERRUPT_PRO_PWM2_INTR_MAP_REG PWM2_INTR interrupt configuration register Ox00AC | R/W
INTERRUPT_PRO_PWMB3_INTR_MAP_REG PWMB3_INTR interrupt configuration register 0x00BO | 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
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 I2C_EXTO_INTR interrupt configuration register 0x00D0 | R/W
INTERRUPT_PRO_I2C_EXT1_INTR_MAP_REG 12C_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
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Name Description Address | Access
INTERRUPT_PRO_SPI2_DMA_INT_MAP_REG SPI2_DMA_INT interrupt configuration register Ox00E4 | R/W
INTERRUPT_PRO_SPI3_DMA_INT_MAP_REG SPI3_DMA_INT interrupt configuration register OxO00E8 | R/W
INTERRUPT_PRO_WDG_INT_MAP_REG WDG_INT interrupt configuration register Ox00EC | R/W
INTERRUPT_PRO_TIMER_INT1_MAP_REG TIMER_INT1 interrupt configuration register 0x00FO0 R/W
INTERRUPT_PRO_TIMER_INT2_MAP_REG TIMER_INT2 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?2 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
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_SPI4_DMA_INT_MAP_REG SPI4_DMA_INT interrupt configuration register 0x0154 | R/W
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Name Description Address | Access
INTERRUPT_PRO_SPI_INTR_4_MAP_REG SPI_INTR_4 interrupt configuration register 0x0158 | 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_REG_DATE_REG Version control register OxOFFC | R/W

XLe 1dnusiu| 4


https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=0.4

4. Interrupt Matrix

4.6 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 4.4.

Register 4.1: INTERRUPT_PRO_MAC_INTR_MAP_REG (0x0000)
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INTERRUPT_PRO_MAC_INTR_MAP This register is used to map MAC_INTR interrupt signal to one
of the CPU interrupts. (R/W)
Register 4.2: INTERRUPT_PRO_MAC_NMI_MAP_REG (0x0004)
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\ooooooooooooooooooooooooooo| 16 \Reset

INTERRUPT_PRO_MAC_NMI_MAP This register is used to map MAC_NMI interrupt signal to one

of the CPU interrupts. (R/W)
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4. Interrupt Matrix

Register 4.3: INTERRUPT_PRO_PWR_INTR_MAP_REG (0x0008)
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INTERRUPT_PRO_PWR_INTR_MAP This register is used to map PWR_INTR interrupt signal to one
of the CPU interrupts. (R/W)
Register 4.4: INTERRUPT_PRO_BB_INT_MAP_REG (0x000C)
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INTERRUPT_PRO_BB_INT_MAP This register is used to map BB_INT interrupt signal to one of the
CPU interrupts. (R/W)
Register 4.5: INTERRUPT_PRO_BT_MAC_INT_MAP_REG (0x0010)
§
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\ooooooooooooooooooooooooooo| 16 \Reset
INTERRUPT_PRO_BT_MAC_INT_MAP This register is used to map BT_MAC_INT interrupt signal
to one of the CPU interrupts. (R/W)
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Register 4.6: INTERRUPT_PRO_BT_BB_INT_MAP_REG (0x0014)
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INTERRUPT_PRO_BT_BB_INT_MAP This register is used to map BT_BB_INT interrupt signal to
one of the CPU interrupts. (R/W)
Register 4.7: INTERRUPT_PRO_BT_BB_NMI_MAP_REG (0x0018)
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INTERRUPT_PRO_BT_BB_NMI_MAP This register is used to map BT_BB_NMI interrupt signal to
one of the CPU interrupts. (R/W)
Register 4.8: INTERRUPT_PRO_RWBT_IRQ_MAP_REG (0x001C)
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INTERRUPT_PRO_RWBT_IRQ_MAP This register is used to map RWBT_IRQ interrupt signal to one
of the CPU interrupts. (R/W)
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Register 4.9: INTERRUPT_PRO_RWBLE_IRQ_MAP_REG (0x0020)
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INTERRUPT_PRO_RWBLE_IRQ_MAP This register is used to map RWBLE_IRQ interrupt signal to
one of the CPU interrupts. (R/W)
Register 4.10: INTERRUPT_PRO_RWBT_NMI_MAP_REG (0x0024)
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INTERRUPT_PRO_RWBT_NMI_MAP This register is used to map RWBT_NMI interrupt signal to
one of the CPU interrupts. (R/W)
Register 4.11: INTERRUPT_PRO_RWBLE_NMI_MAP_REG (0x0028)
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INTERRUPT_PRO_RWBLE_NMI_MAP This register is used to map RWBLE_NMI interrupt signal to
one of the CPU interrupts. (R/W)
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4. Interrupt Matrix

Register 4.12: INTERRUPT_PRO_SLCO_INTR_MAP_REG (0x002C)

&
Q\/
NS
7
A/
3 S
N &
& Q
N >
\oo0oooooooooooooooooooooooo| 16 \Reset
INTERRUPT_PRO_SLCO_INTR_MAP This register is used to map SLCO_INTR interrupt signal to
one of the CPU interrupts. (R/W)
Register 4.13: INTERRUPT_PRO_SLC1_INTR_MAP_REG (0x0030)
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INTERRUPT_PRO_SLC1_INTR_MAP This register is used to map SLC1_INTR interrupt signal to
one of the CPU interrupts. (R/W)
Register 4.14: INTERRUPT_PRO_UHCIO_INTR_MAP_REG (0x0034)
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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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4. Interrupt Matrix

Register 4.15: INTERRUPT_PRO_UHCI1_INTR_MAP_REG (0x0038)
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INTERRUPT_PRO_UHCI1_INTR_MAP This register is used to map UHCI1_INTR interrupt signal to
one of the CPU interrupts. (R/W)

Register 4.16: 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 4.17: INTERRUPT_PRO_TG_T1_LEVEL_INT_MAP_REG (0x0040)

\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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4. Interrupt Matrix

Register 4.18: 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 4.19: 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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4. Interrupt Matrix

Register 4.20: INTERRUPT_PRO_TG1_TO_LEVEL_INT_MAP_REG (0x004C)
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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 4.21: 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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4. Interrupt Matrix

Register 4.22: INTERRUPT_PRO_TG1_WDT_LEVEL_INT_MAP_REG (0x0054)

o
&

INTERRUPT_PRO_TG1_WDT_LEVEL_INT_MAP This register is used
TG1_WDT_LEVEL_INT interrupt signal to one of the CPU interrupts. (R/W)

Register 4.23: INTERRUPT_PRO_TG1_LACT_LEVEL_INT_MAP_REG (0x0058)

INTERRUPT_PRO_TG1_LACT_LEVEL_INT_MAP This register is used
TG1_LACT_LEVEL_INT interrupt signal to one of the CPU interrupts. (R/W)
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4. Interrupt Matrix

Register 4.24: 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 4.25: INTERRUPT_PRO_GPIO_INTERRUPT_PRO_NMI_MAP_REG (0x0060)
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INTERRUPT_PRO_GPIO_INTERRUPT_PRO_NMI_MAP This register is used to map
GPIO_INTERRUPT_PRO_NMI interrupt signal to one of the CPU interrupts. (R/W)
Register 4.26: INTERRUPT_PRO_GPIO_INTERRUPT_APP_MAP_REG (0x0064)
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INTERRUPT_PRO_GPIO_INTERRUPT_APP_MAP This register is used to map
GPIO_INTERRUPT_APP interrupt signal to one of the CPU interrupts. (R/W)
Espressif Systems 61 ESP32-S2 TRM (Preliminary VO0.4)

Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=0.4

4. Interrupt Matrix

Register 4.27: INTERRUPT_PRO_GPIO_INTERRUPT_APP_NMI_MAP_REG (0x0068)

\®§
<2‘2§
&
&
s
S &
< K
@%Q) \é\éﬁ
]ooooooooooooooooooooooooooo 16 \Reset
INTERRUPT_PRO_GPIO_INTERRUPT_APP_NMI_MAP This register is used to map
GPIO_INTERRUPT_APP_NMI interrupt signal to one of the CPU interrupts. (R/W)
Register 4.28: INTERRUPT_PRO_DEDICATED_GPIO_IN_INTR_MAP_REG (0x006C)
&
S
\é/
&
'
@09&@
I <3
< J
\@%Q’ \@@@
’31 5|4 0‘
]ooooooooooooooooooooooooooo| 16 ‘Reset
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)
Register 4.29: 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)
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4. Interrupt Matrix

Register 4.30: 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 4.31: 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)
Register 4.32: 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)
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4. Interrupt Matrix

Register 4.33: 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 4.34: 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)
Register 4.35: 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)
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4. Interrupt Matrix

Register 4.36: 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 4.37: INTERRUPT_PRO_I2S1_INT_MAP_REG (0x0090)
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INTERRUPT_PRO_I2S1_INT_MAP This register is used to map 12S1_INT interrupt signal to one of
the CPU interrupts. (R/W)
Register 4.38: 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)
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4. Interrupt Matrix

Register 4.39: 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 4.40: INTERRUPT_PRO_UART2_INTR_MAP_REG (0x009C)
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INTERRUPT_PRO_UART2_INTR_MAP This register is used to map UART2_INTR interrupt signal to
one of the CPU interrupts. (R/W)
Register 4.41: INTERRUPT_PRO_SDIO_HOST_INTERRUPT_MAP_REG (0x00A0)
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INTERRUPT_PRO_SDIO_HOST_INTERRUPT_MAP This register is used to map
SDIO_HOST_INTERRUPT interrupt signal to one of the CPU interrupts. (R/W)
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4. Interrupt Matrix

Register 4.42: INTERRUPT_PRO_PWMO_INTR_MAP_REG (0x00A4)
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INTERRUPT_PRO_PWMO_INTR_MAP This register is used to map PWMO_INTR interrupt signal to
one of the CPU interrupts. (R/W)
Register 4.43: INTERRUPT_PRO_PWM1_INTR_MAP_REG (0x00AS8)
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INTERRUPT_PRO_PWM1_INTR_MAP This register is used to map PWM1_INTR interrupt signal to
one of the CPU interrupts. (R/W)
Register 4.44: INTERRUPT_PRO_PWMZ2_INTR_MAP_REG (0x00AC)
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INTERRUPT_PRO_PWM2_INTR_MAP This register is used to map PWM2_INTR interrupt signal to
one of the CPU interrupts. (R/W)
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4. Interrupt Matrix

Register 4.45: INTERRUPT_PRO_PWMS3_INTR_MAP_REG (0x00B0)
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INTERRUPT_PRO_PWMS3_INTR_MAP This register is used to map PWMB3_INTR interrupt signal to
one of the CPU interrupts. (R/W)
Register 4.46: 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 4.47: 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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4. Interrupt Matrix

Register 4.48: 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 4.49: 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 4.50: 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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4. Interrupt Matrix

Register 4.51: INTERRUPT_PRO_RMT_INTR_MAP_REG (0x00C8)
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INTERRUPT_PRO_RMT_INTR_MAP This register is used to map RMT_INTR interrupt signal to one
of the CPU interrupts. (R/W)
Register 4.52: 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 4.53: INTERRUPT_PRO_I2C_EXTO_INTR_MAP_REG (0x00D0)
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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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4. Interrupt Matrix

Register 4.54: 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 4.55: 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 4.56: 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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4. Interrupt Matrix

Register 4.57: INTERRUPT_PRO_AES_INTR_MAP_REG (0x00EOQ)
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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 4.58: 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 4.59: 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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4. Interrupt Matrix

Register 4.60: INTERRUPT_PRO_WDG_INT_MAP_REG (0x00EC)
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INTERRUPT_PRO_WDG_INT_MAP This register is used to map WDG_INT interrupt signal to one of
the CPU interrupts. (R/W)
Register 4.61: INTERRUPT_PRO_TIMER_INT1_MAP_REG (0x00F0)
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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 4.62: 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)
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4. Interrupt Matrix

Register 4.63: 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)
Register 4.64: 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)
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4. Interrupt Matrix

Register 4.65: 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)
Register 4.66: 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)
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4. Interrupt Matrix

Register 4.67: 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)
Register 4.68: 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)
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4. Interrupt Matrix

Register 4.69: 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)

Register 4.70: INTERRUPT_PRO_TG1_LACT_EDGE_INT_MAP_REG (0x0114)
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INTERRUPT_PRO_TG1_LACT_EDGE_INT_MAP This register is used to map
TG1_LACT_EDGE_INT interrupt signal to one of the CPU interrupts. (R/W)
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4. Interrupt Matrix

Register 4.71: INTERRUPT_PRO_CACHE_IA_INT_MAP_REG (0x0118)
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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 4.72: INTERRUPT_PRO_SYSTIMER_TARGETO_INT_MAP_REG (0x011C)
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]ooooooooooooooooooooooooooo 16 \Reset
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)
Register 4.73: INTERRUPT_PRO_SYSTIMER_TARGET1_INT_MAP_REG (0x0120)
&
«é‘@é
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> al
éaé@ égéz&

N &
]ooooooooooooooooooooooooooo 16 \Reset
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)
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4. Interrupt Matrix

Register 4.74: 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 4.75: 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)
Register 4.76: 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)
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4. Interrupt Matrix

Register 4.77: 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 4.78: 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)
Register 4.79: 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)
Espressif Systems 80 ESP32-S2 TRM (Preliminary VO0.4)

Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=0.4

4. Interrupt Matrix

Register 4.80: 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 4.81: 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 used to map
PMS_DMA_APB_I_ILG_INTR interrupt signal to one of the CPU interrupts. (R/W)
Register 4.82: INTERRUPT_PRO_PMS_DMA_RX_I_ILG_INTR_MAP_REG (0x0144)
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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)
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4. Interrupt Matrix

Register 4.83: 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 4.84: 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)
Register 4.85: 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)
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4. Interrupt Matrix

Register 4.86: INTERRUPT_PRO_SPI4_DMA_INT_MAP_REG (0x0154)
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INTERRUPT_PRO_SPI4_DMA_INT_MAP This register is used to map SPI4_DMA_INT interrupt sig-
nal to one of the CPU interrupts. (R/W)
Register 4.87: INTERRUPT_PRO_SPI_INTR_4_MAP_REG (0x0158)
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INTERRUPT_PRO_SPI_INTR_4_MAP This register is used to map SPI_INTR_4 interrupt signal to
one of the CPU interrupts. (R/W)
Register 4.88: 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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4. Interrupt Matrix

Register 4.89: 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 4.90: 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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4. Interrupt Matrix

Register 4.91: 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 4.92: INTERRUPT_PRO_CPU_PERI_ERROR_INT_MAP_REG (0x016C)
§
o
ng
<&
&/
NY
S
0
A/
3 S
@GQ) &ég\
& N
\ooooooooooooooooooooooooooo 16 \Reset
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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4. Interrupt Matrix

Register 4.93: 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 4.94: 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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4. Interrupt Matrix

Register 4.95: 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 4.96: 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 4.97: 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)

Espressif Systems 87 ESP32-S2 TRM (Preliminary VO0.4)
Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=0.4

4. Interrupt Matrix

Register 4.98: 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 4.99: 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 4.100: INTERRUPT_REG_DATE_REG (0xOFFC)
s
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]o 0 0 o0 0x1904180 ‘Reset
INTERRUPT_DATE Version control register. (R/W)
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5. 10 MUX and GPIO Matrix

5. 10 MUX and GPIO Matrix

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 GP1046 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: IE, OE, etc.

e 22 RTC GPIO signals

GPIO matrix 10 MUX

2 (FUNC) |——

60 | Constant 0 input
tant 1 i it
0(FUNC) 56 e Constant 1 inpu MCU_SEL
Peripheral Signal Y 0 GPIOO_in o x s
sig_in_funcly] N GPIOL in ad X supplie
pGpio) 2 GPIO2_in by VDD3P3_CPU
o e e
@ o GPIOX_in @ | eri0 GPIO [©) A %
S SYNC Filter wey
GPIO_SIGy_IN_SEL o a0,
GPIO_FUNCy_IN_INV_SEL \t\s‘ GPIO53 in o bt %wm
116 peripheral inputs GPIO_FUNCy_IN_SEL
-
GPIO_FUNCx_OUT SEL
182 peripheral outputs
signal0_out —— | 0 GPIO_FUNCX_OUT_INT_SEL| G ERSER
signall_out ——p 1
signal2_out ————m 2
Peripheral Signal Y’ *
L 9 . |. o ® 0(FUNC)
Peripheral Signal Y 1
™ e |. (GPIO)
1 Pad X supplied by
signal251_out ——mw 251 PlOx out | 2(FUNG) bD3Ps RIC 10
X_ou!
GPIO_OUT_DATA_bit_X— | 256 ®| (= %
L1 - weu
OF PAD,
@ ) |00 buf wep
w 3
]
m GPIO and 10 MUX power domain
W] RTC power domain
RTC GPIO - RTC 10 MUX

(D 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 10 MUX and GPIO matrix.
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5. 10 MUX and GPIO Matrix

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 22. 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

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

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.

5.3 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 22.

The output signal is routed from the peripheral into GPIO matrix and then into 10 MUX. IO MUX must be
configured to set the chosen 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:
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5. 10 MUX and GPIO Matrix

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
1 to clear) registers to set or clear GPIO_ENABLE_REG.

¢ Set the GPIO_FUNCx_OUT_SEL field in register GPIO_FUNCx_OUT_SEL_CFG_REG to the index of
the desired peripheral output signal Y.

e |f the signal should always be enabled as an output, set the 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 22), clear
GPIO_FUNCx_OEN_SEL bit instead.

¢ 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 IO 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 IO_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:~10mA

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

e |f using open drain mode, set/clear the IO_MUX_FUN_WPU and I0_MUX_FUN_WPD bits to
enable/disable the internal pull-up/down resistors.

Note:
e 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:

Espressif Systems 93 ESP32-S2 TRM (Preliminary VO0.4)
Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=0.4

5. 10 MUX and GPIO Matrix

e GPIO_OUT_REGI0] ~ GPIO_OUT_REG[31] correspond to GPIO0 ~ GPIO31, and GPIO_OUT1_REG[25:22]
are invalid.

e GPIO_OUT1_REGI|0] ~ 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_WATS/GPIO_OUT_WA1TC 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@2z '+ 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:
¢ Route one of SDM outputs to a pad via GPIO matrix, see Section 5.3.2.
¢ Enable the modulator clock by setting the register GPIOSD_FUNCTION_CLK_EN.
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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 GRPIOSD_SDr_IN.

5.4 Dedicated GPIO

5.4.1 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.

Dedicated GPIO
gpio_out_cpu([7:0]

gpio_out_drt
—_—
gpio_out_msk \ \ gpio_out_status

gpio_out_idv
—_—

gpio_out
8

gpio_out from CPU

N

GPIO Matrix

CPU gpio_in_dly[15:0] and 10 MUX

in_1d

gpio_in to CPU gpio_in_status

!

Intr Gen

in_2d Input gpio_in
Delay 8

in_3d

Intr

%

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 33 Peripheral Clock Gating and Reset
Bits in Chapter 6 System Registers.

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
e Configurable delay on input channels

® Interrupts on input channels
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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.
The dedicated GPIO module also provides two ways to read input channels:

® Query GPIO input value via registers.

¢ 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:

e 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

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

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.
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e Clear bits in output channel.
Assembly syntax: CLR_BIT_GPIO_OUT mask
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.

e Set or clear bits in output channel with masked access
Assembly syntax: WR_MASK_GPIO_OUT value, mask
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
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.

e Read the output channel to “arr” register.
Assembly syntax: RUR.GPIO_OUT arr
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 |
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 10 MUX register for each GPIO pad can
only select from a limited number of functions, but high-frequency digital performance can be improved.

5.5.2 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, |O_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:
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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.

5.6 RTC IO MUX for Low Power and Analog I/0

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 21: 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

IO_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).
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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
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 1/0 Pad Power Supplies

For more information on the power supply for IO 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
¢ VDD3P3_CPU: the input power supply for CPU

e VDD3P3_RTC: the input power supply for RTC analog part

e VVDD_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 22 shows the peripheral input/output signals via GPIO matrix.

Table 22: 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
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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

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
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 UTRTS_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 I2CEXTO_SCL_in 1 no I2CEXTO_SCL _out I2CEXTO_SCL_oe
30 I2CEXTO_SDA _in 1 no I2CEXTO_SDA_out I2CEXTO_SDA _oe
39 pcnt_sig_chO0_in0 0 no gpio_wlan_prio 1’d1

40 pcent_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 - 1'd1

44 pcnt_sig_ch1_in1 0 no - 1°d1

45 pcnt_ctrl_ch0_in1 0 no - 1’d1

46 pent_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 pcent_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

Espressif Systems 100 ESP32-S2 TRM (Preliminary VO0.4)

Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=0.4

5. 10 MUX and GPIO Matrix

: Default Same input
Signal : : : , Output enable of output
N Input signals valt'Je if signal from | Output signals signals
unassigned * | 10 MUX core

69 - - - usb_otg_drvwbus 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
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 SPIS_HD_in 0 no SPI3_HD_out SPI3_HD_oe
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_oce
79 - - - ledc_Is_sig_outO 1'd1
80 - - - ledc_Is_sig_out1 1°d1
81 - - - ledc_ls_sig_out2 1'd1
82 - - - ledc_Is_sig_out3 1°d1
83 rmt_sig_in0 0 no ledc_ls_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_ls_sig_out7 1’d1
87 - - - rmt_sig_out0 1°d1
88 - - - rmt_sig_out1 1'd1
89 - - - rmt_sig_out2 1d1
0 - - - 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 1'd1
101 - - - gpio_sd1_out 1°d1
102 | - - - gpio_sd2_out 1'd1
108 | - - - gpio_sd3_out 1’d1
104 | - - - gpio_sd4_out 1°d1
106 | - - - gpio_sdb5_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_oe
112 | FSPIWP_in 0 yes FSPIWP_out FSPIWP_oe
113 | FSPIO4_in 0 yes FSPIIO4_out FSPIIO4_oe
114 | FSPIO5_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
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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

117 FSPICSO_in 0 yes FSPICSO_out FSPICSO_oe

118 | - - - FSPICS1_out FSPICS1_oe

119 | - - - FSPICS2_out FSPICS2_oe

120 | - - - FSPICS3_out FSPICS3_oe

121 - - - FSPICS4_out FSPICS4_oe

122 | - - - FSPICS5_out FSPICS5_oe

123 | can_rx 1 no can_tx 1'd1

124 | - - - can_bus_off_on 1'd1

125 | - - - can_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 - - - SUBSPICS0_out SUBSPICS0_oe

132 | - - - SUBSPICS1_out SUBSPICS1_oe

133 | - - - FSPIDQS_out FSPIDQS_oce

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_oe

140 | - - - SPI3_DQS_out SPI3_DQS_oce

143 | 12S0I_DATA_inO 0 no 12S00_DATA_outO 1°d1

144 | 12S0I_DATA_in1 0 no 12S00_DATA_outt 1’d1

145 | I2S0I_DATA_in2 0 no 12S00_DATA _out2 1°d1

146 | 12S0I_DATA_in3 0 no 12S00_DATA _out3 1°d1

147 | 12S0I_DATA_in4 0 no 12S00_DATA _out4 1’d1

148 | I2S0I_DATA_in5 0 no 12S00_DATA _outb 1°d1

149 | 12S0I_DATA_in6 0 no 12S0O_DATA_out6 1°d1

150 | I2SOI_DATA_in7 0 no 12S00_DATA _out7 1°d1

151 12S0I_DATA_in8 0 no 12S00_DATA _out8 1°d1

152 | 12S0I_DATA_in9 0 no 12S00_DATA_out9 1'd1

153 | I2S0I_DATA_in10 0 no 12S00_DATA_out10 1°d1

154 | 12SOI_DATA_in11 0 no 12S00_DATA _out11 1’d1

155 | I2S0I_DATA_in12 0 no 12S00_DATA_out12 1’d1

156 | I2SOI_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 | - - - 12S0O_DATA_out16 1'd1

160 | - - - 12S00_DATA _out17 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
161 - - - 12S00_DATA_out18 1°d1
162 | - - - 12S00_DATA_out19 1'd1
163 | - - - 12S00_DATA_out20 1°d1
164 | - - - 12S00_DATA_out21 1'd1
165 | - - - 12S00_DATA _out22 1°d1
166 | - - - 12S0O_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_sel0 1'd1
216 - - - ant_sell 1’d1
217 | - - - ant_sel?2 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 1'd1
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_outO 1’d1
236 | pro_alonegpio_in1 0 no pro_alonegpio_out1 1'd1
237 | pro_alonegpio_in2 0 no pro_alonegpio_out?2 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 23 shows the 10 MUX functions of each I/O pad:
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5. 10 MUX and GPIO Matrix

Table 23: 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
3 GPIOS GPIOS3 GPIO3 - - - 0 R
4 GPIO4 GPIO4 GPIO4 - - - 0 R
5 GPIO5 GPIO5 GPIO5 - - - 0 R
6 GPIO6 GPIO6 GPIOB - - - 0 R
7 GPIO7 GPIO7 GPIO7 - - - 0 R
8 GPIO8 GPIO8 GPIOS8 - SUBSPICST | - 0 R
9 GPIO9 GPIO9 GPIO9 - SUBSPIHD | FSPIHD 1 R
10 GPIO10 GPIO10 GPIO10 FSPIIO4 SUBSPICSO | 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_OUTS3 | - 1 R
19 GPIO19 GPIO19 GPIO19 U1IRTS CLK_ouT2 | - 0 R
20 GPI020 GPI020 GPI020 U1CTS CLK_OUT1 | - 0 R
21 GPI021 GPI021 GPI021 - - - 0 R
26 SPICST SPICS GP1026 - - - 3 -
27 SPIHD SPIHD GPI027 - - - 3 -
28 SPIWP SPIWP GPIO28 - - - 3 -
29 SPICSO SPICSO GPIO29 - - - 3 -
30 SPICLK SPICLK GPIO30 - - - 3 -
31 SPIQ SPIQ GPIO31 - - - 3 -
32 SPID SPID GPIO032 - - 3 -
33 GPIO33 GPI033 GPIO33 FSPIHD SUBSPIHD | SPIIO4 1 -
34 GPI034 GPIO34 GPIO34 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_OuUT2| - - 1 -
41 MTDI MTDI GPIO41 CLK_OUT1| - - 1 -
42 MTMS MTMS GPI042 - - - 1 -
43 UOTXD UOTXD GPIO43 CLK_OUT1| - - 3 -
44 UORXD UORXD GPI044 CLK_OuT2| - - 3 -
45 GPI045 GPIO45 GPIO45 - - - 2 -
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5. 10 MUX and GPIO Matrix

GPIO| Pad Name Function O Function 1 | Function 2 | Function 3 Function 4 | Reset| Notes
46 GPIO46 GPIO46 GPIO46 - - - 2 |
Reset Configurations
“Reset” column shows the default configuration of each pad after reset:
e 0 - IE=0 (input disabled)
e 1 - |E=1 (input enabled)
e 2 - |E=1, WPD=1 (input enabled, pull-down resistor enabled)
e 3-IE=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 24 shows the RTC pins and how they correspond to GPIO pads.
Table 24: RTC 10 MUX Pin Summary
Analog Function
RTC GPIO Num| GPIO Num| Pad Name . . p
0 0 TOUCH_PADO* | RTC_GPIOO0 - sar_i2c_scl_0
1 1 TOUCH_PAD1 | RTC_GPIO1 - sar_i2c_sda_0
2 2 TOUCH_PAD2 | RTC_GPIO2 - sar_i2c_scl_1
3 3 TOUCH_PAD3 | RTC_GPIO3 - sar_i2c_sda_1
4 4 TOUCH_PAD4 | RTC_GPIO4 - -
5 5 TOUCH_PAD5 | RTC_GPIO5 - -
6 6 TOUCH_PAD6 | RTC_GPIO6 - -
7 7 TOUCH_PAD7 | RTC_GPIO7 - -
8 8 TOUCH_PAD8 | RTC_GPIOS8 - -
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 PDACA1 RTC_GPIO17 - -
18 18 PDAC2 RTC_GPIO18 - -
19 19 RTC_PAD19 RTC_GPIO19 - -
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5. 10 MUX and GPIO Matrix

Analog Function
RTC GPIO Num| GPIO Num| Pad Name 1 3 A
20 20 RTC_PAD20 RTC_GPIO20 -
21 21 RTC_PAD21 RTC_GPIO21 -

Note: TOUCH_PADQ is an internal channel and its analog functions are not lead to a corresponding external

GPIO.

5.13 Base Address

Users can access the modules described in this chapter via the base addresses shown in the following table. For

more information about accessing peripherals from different buses, please see Chapter 1 System and

Memory.

Table 25: Module Base Addresses

Module Name Access to Access Peripheral Base Address

PeriBUS1 0x3F404000
GPIO _

PeriBUS2 0x60004000

PeriBUS 0x3F409000
IO MUX ,

PeriBUS2 0x60009000
GPIOSD PeriBUS2 0x60004F00
Deicated GPIO PeriBUS1 Ox3F4CF000

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_WI1TS_REG GPIOO0 ~ 31 output bit set register 0x0008 | WO
GPIO_OUT_WAITC_REG GPIOO ~ 31 output bit clear register 0x000C | WO
GPIO_OUT1_REG GPIO32 ~ 53 output register 0x0010 | R/W
GPIO_OUT1_WAITS_REG GPIO32 ~ 53 output bit set register 0x0014 | WO
GPIO_OUT1_WAITC_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_WI1TS_REG GPIOO ~ 31 output enable bit set register 0x0024 | WO
GPIO_ENABLE_WI1TC_REG GPIO0 ~ 31 output enable bit clear register 0x0028 | WO
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5. 10 MUX and GPIO Matrix

Name Description Address | Access
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
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 | Ox0550 | R/W
GPIO_FUNCO_OUT_SEL_CFG_REG Peripheral output selection for GPIO0 0x0554 | R/W
GPIO_FUNC1_OUT_SEL_CFG_REG Peripheral output selection for GPIO1 0x0558 | R/W
GPIO_FUNC2_OUT_SEL_CFG_REG Peripheral output selection for GPIO2 0x055C | R/W
GPIO_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_W1TC_REG GPIOO0 ~ 31 interrupt status bit clear register 0x004C | WO
GPIO_STATUS1_WA1TS_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 GPIO0 ~ 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 GPIOO ~ 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
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5. 10 MUX and GPIO Matrix

Name Description Address | Access
GPIO_PCPU_NMI_INT1_REG GPIO32 ~ 53 PRO_CPU non-maskable interrupt | 0x006C | RO
status register
5.14.2 10 MUX Register Summary
Name Description Address Access
IO_MUX_PIN_CTRL Clock output configuration register 0x0000 R/W
IO_MUX_GPIO0_REG Configuration register for pad GPIOO 0x0004 R/W
IO_MUX_GPIO1_REG Configuration register for pad GPIO1 0x0008 R/W
IO_MUX_GPIO2_REG Configuration register for pad GPIO2 0x000C R/W
IO_MUX_GPIO3_REG Configuration register for pad GPIO3 0x0010 R/W
IO_MUX_GPIO4_REG Configuration register for pad GPIO4 0x0014 R/W
IO_MUX_GPIO5_REG Configuration register for pad GPIO5 0x0018 R/W
IO_MUX_GPIO6_REG Configuration register for pad GPIO6 0x001C R/W
IO_MUX_GPIO7_REG Configuration register for pad GPIO7 0x0020 R/W
IO_MUX_GPIO8_REG Configuration register for pad GPIO8 0x0024 R/W
IO_MUX_GPIO9_REG Configuration register for pad GPIO9 0x0028 R/W
IO_MUX_GPIO10_REG Configuration register for pad GPIO10 0x002C R/W
IO_MUX_GPIO11_REG Configuration register for pad GPIO11 0x0030 R/W
IO_MUX_GPIO12_REG Configuration register for pad GPIO12 0x0034 R/W
IO_MUX_GPIO13_REG Configuration register for pad GPIO13 0x0038 R/W
IO_MUX_GPIO14_REG Configuration register for pad GPIO14 0x003C R/W
IO_MUX_XTAL_32K_P_REG Configuration register for pad XTAL_32K_P 0x0040 R/W
IO_MUX_XTAL_32K_N_REG Configuration register for pad XTAL_32K_N 0x0044 R/W
IO_MUX_DAC_1_REG Configuration register for pad DAC_1 0x0048 R/W
IO_MUX_DAC_2_REG Configuration register for pad DAC_2 0x004C R/W
IO_MUX_GPIO_19_REG Configuration register for pad GPIO19 0x0050 R/W
IO_MUX_GPIO_20_REG Configuration register for pad GPIO20 0x0054 R/W
IO_MUX_GPIO_21_REG Configuration register for pad GPIO21 0x0058 R/W
IO_MUX_SPICS1_REG Configuration register for pad SPICS1 0x006C R/W
IO_MUX_SPIHD_REG Configuration register for pad SPIHD 0x0070 R/W
IO_MUX_SPIWP_REG Configuration register for pad SPIWP 0x0074 R/W
IO_MUX_SPICSO_REG Configuration register for pad SPICS0O 0x0078 R/W
IO_MUX_SPICLK_REG Configuration register for pad SPICLK 0x007C R/W
IO_MUX_SPIQ_REG Configuration register for pad SPIQ 0x0080 R/W
IO_MUX_SPID_REG Configuration register for pad SPID 0x0084 R/W
IO_MUX_GPIO_33_REG Configuration register for pad GPIO33 0x0088 R/W
IO_MUX_GPIO_34_REG Configuration register for pad GPIO34 0x008C R/W
IO_MUX_GPIO_35_REG Configuration register for pad GPIO35 0x0090 R/W
IO_MUX_GPIO_36_REG Configuration register for pad GPIO36 0x0094 R/W
IO_MUX_GPIO_37_REG Configuration register for pad GPIO37 0x0098 R/W
IO_MUX_GPIO_38_REG Configuration register for pad GPIO38 0x009C R/W
IO_MUX_MTCK_REG Configuration register for pad MTCK 0x00A0 R/W
IO_MUX_MTDO_REG Configuration register for pad MTDO Ox00A4 R/W
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5. 10 MUX and GPIO Matrix

Name Description Address Access
IO_MUX_MTDI_REG Configuration register for pad MTDI 0x00A8 R/W
IO_MUX_MTMS_REG Configuration register for pad MTMS Ox00AC R/W
IO_MUX_UOTXD_REG Configuration register for pad UOTXD 0x00BO R/W
IO_MUX_UORXD_REG Configuration register for pad UORXD 0x00B4 R/W
IO_MUX_GPIO_45_REG Configuration register for pad GPIO45 0x00B8 R/W
IO_MUX_GPIO_46_REG Configuration register for pad GPIO46 0x00BC R/W
5.14.3 Sigma Delta Modulated Output Register Summary
Name ‘ Description Address | Access
Configuration Registers
GPIOSD_SIGMADELTAO_REG Duty Cycle Configure Register of SDMO 0x0000 | R/W
GPIOSD_SIGMADELTA1_REG Duty Cycle Configure Register of SDM1 0x0004 | R/W
GPIOSD_SIGMADELTA2_REG Duty Cycle Configure Register of SDM2 0x0008 | R/W
GPIOSD_SIGMADELTA3_REG Duty Cycle Configure Register of SDM3 0x000C | R/W
GPIOSD_SIGMADELTA4_REG Duty Cycle Configure Register of SDM4 0x0010 | R/W
GPIOSD_SIGMADELTA5_REG Duty Cycle Configure Register of SDM5 0x0014 | R/W
GPIOSD_SIGMADELTA6_REG Duty Cycle Configure Register of SDM6 0x0018 | R/W
GPIOSD_SIGMADELTA7_REG Duty Cycle Configure Register of SDM7 0x001C | RW
GPIOSD_SIGMADELTA_CG_REG Clock Gating Configure 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
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5. 10 MUX and GPIO Matrix

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_WAI1TC_REG RTC GPIO output bit clear register 0x0008 | WO
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_WA1TC_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 O 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 0 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 0x00C0 | 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 DAGC?2 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 OxO00EO | 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

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

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

Register 5.7: GPIO_OUT1_W1TC_REG (0x0018)

O
&
N7
(@& 0\3&
% O7
& &
‘31 22|21 0‘
‘OOOOOOOOOO 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}/
O/
& $
% Nel¢
& &
‘31 8|7 0‘
\oooooooooooooooooooooooo 0x0 \Reset

GPIO_SDIO_SEL Reserved (R/W)

Register 5.9: GPIO_ENABLE_REG (0x0020)

\ 0x000000

‘Reset

GPIO_ENABLE_DATA GPIOO0 ~ 31 output enable register. (R/W)
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5. 10 MUX and GPIO Matrix

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

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

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

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

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

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

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

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)

Espressif Systems 121 ESP32-S2 TRM (Preliminary VO0.4)
Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=0.4

5. 10 MUX and GPIO Matrix

Register 5.32: GPIO_PCPU_INT1_REG (0x0068)

OQQO
g QX
@’%Q}\\ QQ\O/
‘31 22|21 0‘
\o 0 0000 0 0 O o| 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)Q\
\$

&
Q7
@)
O
Q\
O 7/
C;z\

‘ 31 22

21 0‘

\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

5.156.2 10 MUX Registers
Register 5.34: 10_MUX_PIN_CTRL (0x0000)

Qo
Y @ & °
Q?\/ Q’S /s Q\/ Q\/ Q\/
RS Q7 Q7 7
& © 2 9 g
S & & N
S S S S S
ey D D
@ SCIENO O O O
‘31 16|15 14 12|11 8|7 4|3 0‘
\ 0x0 |Ox0| 0x2 | ox0 | ox0 | 0x0 \Reset

I0_MUX_PIN_CTRL_CLKXx If you want to output clock for 12S0 to:
CLK_OUT1 then set IO_MUX_PIN_CTRL[3:0] = 0x0
CLK_OUT?2 then set IO_MUX_PIN_CTRL[3:0] = 0x0 and I0_MUX_PIN_CTRL][7:4] = 0xO0;
CLK_OUT3 then set IO_MUX_PIN_CTRL[3:0] = 0x0 and I0_MUX_PIN_CTRL[11:8] = 0x0.
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 |O pad power switch delay, delay unit is one APB clock.

I0_MUX_PAD_POWER_CTRL Select power voltage for GPIO33 ~ 37. 1: select VDD_SPI 1.8 V; O:
select VDD3P3_CPU 3.3 V.
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5. 10 MUX and GPIO Matrix

Register 5.35: I0_MUX_n_REG (1: GPIO0-GPIO21, GP1026-GP1046) (0x0010+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 pad in sleep mode. 1: Output enabled; O: Output disabled.
(R/W)

I0_MUX_SLP_SEL Sleep mode selection of this pad. Set to 1 to put the pad in sleep mode. (R/W)

I0_MUX_MCU_WPD Pull-down enable of the pad during sleep mode. 1: Internal pull-down enabled;
0: Internal pull-down disabled. (R/W)

I0_MUX_MCU_WPU Pull-up enable of the pad during sleep mode. 1: Internal pull-up enabled; O:
Internal pull-up disabled.

I0_MUX_MCU_IE Input enable of the pad during sleep mode. 1: Input enabled; O: Input disabled.
(R'W)

I0_MUX_FUN_WPD Pull-down enable of the pad. 1: Pull-down enabled; O: Pull-down disabled.
R/W)

I0_MUX_FUN_WPU Pull-up enable of the pad. 1: Internal pull-up enabled; O: Internal pull-up dis-
abled. (R/W)

IO_MUX_FUN_IE Input enable of the pad. 1: Input enabled; O: Input disabled. (R/W)

IO_MUX_FUN_DRV Select the drive strength of the pad. 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; 2: Filter disabled. (R/W)
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5. 10 MUX and GPIO Matrix

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)

Espressif Systems 125 ESP32-S2 TRM (Preliminary VO0.4)
Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=0.4

5. 10 MUX and GPIO Matrix

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/
& %
\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

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

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

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

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

Register 5.46: DEDIC_GPIO_OUT_SCAN_REG (0x000C)
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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)
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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

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

Register 5.49: DEDIC_GPIO_INTR_RLS_REG (0x0024)
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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

Register 5.50: DEDIC_GPIO_INTR_ST_REG (0x0028)
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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)

Espressif Systems 134 ESP32-S2 TRM (Preliminary VO0.4)
Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=0.4

5. 10 MUX and GPIO Matrix

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)
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\ 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

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)

N

&
Q?Q)é
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‘31 10|9 0‘

|0000000000\Re5et

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)
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5. 10 MUX and GPIO Matrix

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

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

Register 5.62: RTCIO_RTC_GPIO_PIN/_REG (1: 0-21) (0x0028+4%)
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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.

(R/W)

RTCIO_GPIO_PINn_WAKEUP_ENABLE GPIO wake-up enable. This will only wake up ESP32-52

from Light-sleep. (R/W)
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5. 10 MUX and GPIO Matrix

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

Register 5.64: RTCIO_XTAL_32P_PAD_REG (0x00CO0)
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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

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

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

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

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

Register 5.69: RTCIO_RTC_PAD20_REG (0x00D4)

%%
N e C B AXA
SICS OSSR ES
S OIS S’ O ORI SD”
D7 P 7 > PEOEOSS
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 & & ELEEE 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_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

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)
&
¢
\//
N
oF &
’\O Q)%Q)
&K A
\ 0 ooooooooooooooooooooooooooo\Reset

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

Register 5.72: RTCIO_SAR_I2C_IO_REG (0x00E4)

& &
?»/ \//
s &
@Q’Q @Q’Q
7/ 7/
s s @6\
7/ 7/
&C}O &Q\O Q)@Q’é
& & <
‘31 30|29 28|27 0‘
\o|o|oooooooooooooooooooooooooooo\Reset

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. System Registers

6. System Registers

6.1 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.

6.2 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

6.3 Function Description

6.3.1 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 1 System and Memory.

e SYSTEM_ROM_CTRL_O_REG

e SYSTEM_ROM_CTRL_1_REG

e SYSTEM_SRAM_CTRL_O0_REG

e SYSTEM_SRAM_CTRL_1_REG

e SYSTEM_SRAM_CTRL_2_REG

o SYSTEM_RSA_PD_CTRL_REG

¢ SYSTEM_MEM_PD_MASK_REG

e SYSTEM_CACHE_CONTROL_REG

e SYSTEM_BUSTOEXTMEM_ENA_REG

e SYSTEM_EXTERNAL_DEVICE_ENCRYPT_DECRYPT_CONTROL_REG
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ROM Power Consumption Control

Registers SYSTEM_ROM_CTRL_0O_REG and SYSTEM_ROM_CTRL_1_REG can be used to control the power
consumption of ESP32-52’s ROM. Specifically:

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.

e 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 31 below.

Table 31: ROM Controlling Bit

ROM Lowest Address1 Highest Address1 | Lowest Address2 | Highest Address2 | Controlling Bit
BlockO 0x4000_0000 0x4000_FFFF - - Bit0
Block 0x4001_2000 0x4001_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.

¢ Setting different bits of the SYSTEM_SRAM_FORCE_PD field in register SYSTEM_SRAM_CTRL_1_REG

powers down different blocks of internal SRAM.

e 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 32 below.

Table 32: SRAM Controlling Bit

SRAM Lowest Address1 Highest Address1 | Lowest Address2 | Highest Address2 | Controlling Bit
BlockO 0x4002_0000 0x4002_1FFF Ox3FFB_0000 Ox3FFB_1FFF Bit0
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 0x3FFB_8000 Ox3FFB_BFFF Bit4
Block5 0x4002_C000 Ox4002_FFFF Ox3FFB_C000 Ox3FFB_FFFF Bit5
Block6 0x4003_0000 0x4003_3FFF Ox3FFC_0000 Ox3FFC_SFFF 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
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6. System Registers

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

Block15

0x4005_4000

Ox4005_7FFF

Ox3FFE_4000

Ox3FFE_7FFF

Bit15

Block16

0x4005_8000

0x4005_BFFF

Ox3FFE_8000

Ox3FFE_BFFF

Bit16

Block17

0x4005_C000

Ox4005_FFFF

Ox3FFE_C000

OX3FFE_FFFF

Bit17

Block18

0x4006_0000

0x4006_3FFF

Ox3FFF_0000

Ox3FFF_3FFF

Bit18

Block19

0x4006_4000

O0x4006_7FFF

Ox3FFF_4000

OX3FFF_7FFF

Bit19

Block20

0x4006_8000

0x4006_BFFF

Ox3FFF_8000

Ox3FFF_BFFF

Bit20

Block21

0x4006_C000

O0x4006_FFFF

Ox3FFF_C000

OX3FFF_FFFF

Bit21

6.3.2 Reset and Clock Registers

The following registers are used for reset and clock. For additional information, please refer to Chapter 2 Reset

and Clock.

e SYSTEM_CPU_PER_CONF_REG

o SYSTEM_SYSCLK_CONF_REG

e SYSTEM_BT_LPCK_DIV_FRAC_REG

6.3.3 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 4 Interrupt Matrix

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

6.3.4 JTAG Software Enable Registers

The following registers are used for revoking the temporary disable of eFuse to JTAG.

o SYSTEM_JTAG_CTRL_O_REG

o SYSTEM_JTAG_CTRL_1_REG

e SYSTEM_JTAG_CTRL_2_REG

o SYSTEM_JTAG_CTRL_3_REG

e SYSTEM_JTAG_CTRL_4_REG

e SYSTEM_JTAG_CTRL_5_REG

e SYSTEM_JTAG_CTRL_6_REG

e SYSTEM_JTAG_CTRL_7_REG
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6. System Registers

6.3.5 Low-power Management Registers
The following registers are used for low-power management.

e SYSTEM_RTC_FASTMEM_CONFIG_REG
e SYSTEM_RTC_FASTMEM_CRC_REG

6.3.6 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 33.

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 33: 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

SP14 SYSTEM_SPI4_CLK_EN SYSTEM_SPI4_RST

SPI2 DMA SYSTEM_SPI2_DMA_CLK_EN SYSTEM_SPI2_DMA_RST
SPI3 DMA SYSTEM_SPI3_DMA_CLK_EN SYSTEM_SPI3_DMA_RST
12CO SYSTEM_I2C_EXTO_CLK_EN SYSTEM_I2C_EXTO_RST
12C1 SYSTEM_I2C_EXT1_CLK_EN SYSTEM_I2C_EXT1_RST
12S0 SYSTEM_I2S0_CLK_EN SYSTEM_I2SO_RST

1251 SYSTEM_I251_CLK_EN SYSTEM_I2S1_RST

TWAI Controller

SYSTEM_CAN_CLK_EN

SYSTEM_CAN_RST

UHCIO

SYSTEM_UHCIO_CLK_EN

SYSTEM_UHCIO_RST

UHCI1 SYSTEM_UHCI1_CLK_EN SYSTEM_UHCI1_RST
USB SYSTEM_USB_CLK_EN SYSTEM_USB_RST
RMT SYSTEM_RMT_CLK_EN SYSTEM_RMT_RST
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6. System Registers

PCNT SYSTEM_PCNT_CLK_EN SYSTEM_PCNT_RST

PWMO SYSTEM_PWMO_CLK_EN SYSTEM_PWMO_RST
PWM1 SYSTEM_PWM1_CLK_EN SYSTEM_PWM1_RST
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

2
3. Reset registers are not cleared by hardware.
4

UART memory from entering the clock-gated state.

5. Crypto DMA is shared by AES and SHA accelerators.

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 7
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;

. 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.

Espressif Systems 153 ESP32-S2 TRM (Preliminary VO0.4)

Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=0.4

6. System Registers

6.4 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 1 System and Memory.

Table 34: System Register Base Address

Bus to Access Peripheral Base Address
PeriBUST 0x3F4C0000

6.5 Register Summary
The addresses in the following table are relative to the system registers base addresses provided in Section
6.4.

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_REG_DATE_REG Version control register ‘ OXOFFC | R/W
6.6 Registers
The addresses below are relative to the system registers base addresses provided in Section 6.4.
Register 6.1: 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 31. (R/W)
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Register 6.2: 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 31. (R/W)
SYSTEM_ROM_FORCE_PU This field is used to power up internal ROM. For details, please refer to
Table 31. (R/W)
Register 6.3: SYSTEM_SRAM_CTRL_0_REG (0x0008)
Q
?\@/
%Q\
)} 7
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 32. (R/W)
Register 6.4: 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 32. (R/W)
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Register 6.5: 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.

Register 6.6: SYSTEM_CPU_PERI_RST_EN_REG (0x0014)

o
N
&
&
R
O
Q@
((/%/
A/
N Q@& '
S p
& R &2
& 1O & &
N 2N @
‘31 8| 7|1 6 |5 0‘
\oooooooooooooooooooooooo11oooooo\Reset

SYSTEM_RST_EN_DEDICATED_GPIO Set this bit to reset DEDICATED GPIO module. (R/W)
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Register 6.7: 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 8 in Chapter 2 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 8 in Chapter 2 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 6.8: SYSTEM_JTAG_CTRL_0_REG (0x001C)

E ]

‘ 0 ‘Reset

SYSTEM_CANCEL_EFUSE_DISABLE_JTAG_TEMPORARY_0 Stores the 0 to 31 bits of the 256
bits register used to cancel the temporary disable of eFuse to JTAG.
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Register 6.9: 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.

Register 6.10: SYSTEM_JTAG_CTRL_2_REG (0x0024)

Vs
??‘
&
QO
R
L&
&
N
\(5//
QD
\%?‘
Q
&7
N
&
&
O?‘
Q/ 7/
A
S
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.
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Register 6.11: SYSTEM_JTAG_CTRL_3_REG (0x0028)
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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.

Register 6.12: SYSTEM_JTAG_CTRL_4_REG (0x002C)
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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.
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Register 6.13: SYSTEM_JTAG_CTRL_5_REG (0x0030)
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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.

Register 6.14: SYSTEM_JTAG_CTRL_6_REG (0x0034)
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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.
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Register 6.15: SYSTEM_JTAG_CTRL_7_REG (0x0038)

A
&
QO
N\
L&
&
N
\(/<//
QD
&
%
\)"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.

Register 6.16: SYSTEM_MEM_PD_MASK_REG (0x003C)
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‘31 1|

\ooooooooooooooooooooooooooooooo|1\Reset

SYSTEM_LSLP_MEM_PD_MASK Set this bit to allow the memory to work as usual when the chip
enters the light-sleep state. (R/W)

Register 6.17: 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 33.
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Register 6.18: SYSTEM_PERIP_CLK_EN1_REG (0x0044)

\ e e 7 7/
ébé@b U e
<&

A\ © 9 9 9 9 9 ¥

SYSTEM_PERIP_CLK_EN1_REG Configures this register to enable different accelerator clocks. For
details, please refer to Table 33.

Register 6.19: SYSTEM_PERIP_RST_ENO_REG (0x0048)
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SYSTEM_PERIP_RST_ENO_REG Configures this register to reset different peripherals. For details,
please refer to Table 33.

Register 6.20: SYSTEM_PERIP_RST_EN1_REG (0x004C)

S L

SYSTEM_PERIP_RST_EN1_REG Configures this register to reset different accelerators. For details,
please refer to Table 33.
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Register 6.21: SYSTEM_BT_LPCK_DIV_FRAC_REG (0x0054)
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SYSTEM_LPCLK_SEL_RTC_SLOW Set this bit to select RTC slow clock as the low power clock.
R/W)

SYSTEM_LPCLK_SEL_8M Set this bit to select 8m clock as the low power clock. (R/W)
SYSTEM_LPCLK_SEL_XTAL Set this bit to select xtal clock as the low power clock. (R/W)
SYSTEM_LPCLK_SEL_XTAL32K Set this bit to select xtal32k clock as the low power clock. (R/W)

SYSTEM_LPCLK_RTC_EN Set this bit to enable the RTC low power clock. (R/W)

Register 6.22: SYSTEM_CPU_INTR_FROM_CPU_0_REG (0x0058)

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 6.23: SYSTEM_CPU_INTR_FROM_CPU_1_REG (0x005C)
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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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Register 6.24: 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 6.25: 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 6.26: 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 6.27: SYSTEM_BUSTOEXTMEM_ENA_REG (0x006C)
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SYSTEM_BUSTOEXTMEM_ENA Set this bit to enable bus to EDMA. (R/W)
Register 6.28: SYSTEM_CACHE_CONTROL_REG (0x0070)
%
5
S
& Q,%/S’V
S
0?* QQ \Q?‘
. LR’
& S
& N
‘31 31 2 1 0‘
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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 6.29: SYSTEM_EXTERNAL_DEVICE_ENCRYPT_DECRYPT_CONTROL_REG (0x0074)
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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 6.30: SYSTEM_RTC_FASTMEM_CONFIG_REG (0x0078)
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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 6.31: SYSTEM_RTC_FASTMEM_CRC_REG (0x007C)
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SYSTEM_RTC_MEM_CRC_RES This field stores the CRC result of RTC memory. (RO)

Register 6.32: SYSTEM_SRAM_CTRL_2_REG (0x0088)
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SYSTEM_SRAM_FORCE_PU This field is used to power up internal SRAM. For details, please refer
to Table 32. (R/W)

Register 6.33: SYSTEM_SYSCLK_CONF_REG (0x008C)
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SYSTEM_PRE_DIV_CNT This field is used to set the count of prescaler of XTAL_CLK. For details,
please refer to Table 10 in Chapter 2 Reset and Clock. (R/W)

SYSTEM_SOC_CLK_SEL This field is used to select SOC clock. For details, please refer to Table 8
in Chapter 2 Reset and Clock. (R/W)

SYSTEM_CLK_XTAL_FREQ This field is used to read XTAL frequency in MHz. (RO)

Espressif Systems 168 ESP32-S2 TRM (Preliminary VO0.4)
Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=0.4

6. System Registers

Register 6.34: SYSTEM_REG_DATE_REG (0xOFFC)
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SYSTEM_DATE Version control register. (R/W)
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7. DMA Controller

7. DMA Controller

7.1 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 7-1, UARTO and UART1 share one
Internal DMA; SPI3 and ADC Controller share one Internal DMA; AES Accelerator and SHA Accelerator share one
EDMA; SPI2 and I2S0 have their individual EDMA. Besides, the CPU Peripheral module on ESP32-S2 also has

one Copy DMA.

Modules

UARTO

UART1

SPI3

ADC

AES

SHA

SPI2

[2S0

CPU Peripheral

Data Transfer

Between internal
RAM and
peripherals

Between internal
RAM, external
RAM and
peripherals

} Within internal RAM

Figure 7-1. Modules with DMA and Supported Data Transfers

7.2 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
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7. DMA Controller

7.3 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.

7.3.1 DMA Engine Architecture

DMA_ENGINE
outlink

Internal descriptor 0
Ram Tx

A

A4
\

descriptor n

sNg gHvY

inlink

descriptor 0

External RX
Ram

A

descriptor n

Figure 7-2. DMA Engine Architecture

A DMA engine reads/writes data to/from external RAM or internal RAM via the AHB_BUS. Figure 7-2 shows the
basic architecture of a DMA engine. For how to access RAM, please see Chapter 1 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).

7.3.2 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 7-3. Structure of a Linked List

Figure 7-3 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
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7. DMA Controller

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.
When a packet has been received, this bit in the last receive descriptor is set to 1 by hardware, and this bit
in the last transmit descriptor is set to 1 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.

When the DMA controller accesses external RAM, this filed must be a multiple of 16/32/64 bytes. Please
see more details in Section 7.3.6 Accessing External RAM..

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 7.3.6 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 7.3.6 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.

7.3.3 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 FERI_OUTLINK_ADDR field with address of the first transmit
descriptor, and sets PER/_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 7-4, 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
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then read the new list.

The last descriptor
of linked list

Next descriptor address \\‘
Next descriptoriddry
( : New linked list

Figure 7-4. Relationship among Linked Lists

7.3.4 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 PERI_OUT_DSCR_ERR_INT_ENA bit can be set to enable descriptor error
interrupt. If the buffer address pointer (DW1) does not point to Ox3FFBO0O0O ~ Ox3FFFFFFF when the DMA
controller accesses internal RAM, or does not point to Ox3F500000 ~ 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.

7.3.5 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
UHCI_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 PER/_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.

7.3.6 Accessing External RAM

Of all DMA controllers for ESP32-S2 peripherals, only 12S0, SPI2, AES and SHA DMA have access to external
RAM. The address space of external RAM that the DMA controller can access is 0x3F500000 ~ Ox3FF7FFFF.
Please note that destination addresses (in this case addresses for writing data to external RAM) must be 16-byte,
32-byte or 64-byte aligned. Table 36 illustrates the value of PERI_EXT_MEM_BK_SIZE bit when destination
address is 16-byte, 32-byte and 64-byte aligned respectively.

Note: Source addresses (in this case, namely addresses for reading data from external RAM) do not need to be
aligned.
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Table 36: Relationship Between Configuration Register and Destination Address

PERI_EXT_MEM_BK_SIZE Destination address align-
ment

0 16-bit aligned
32-bit aligned

2 64-bit aligned

7.4 Copy DMA Controller

Copy DMA is used for data transfer from one location in internal RAM to another. Figure 7-5 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_QUT_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. Set CP_DMA_FIFO_RST hit first to 1 and then to 0, to reset FIFO pointer;

3. Load an outlink, and configure CP_DMA_OUTLINK_ADDR with address of the first transmit descriptor;
4. Load an inlink, and configure CP_DMA_INLINK_ADDR with address of the first receive descriptor;

5. Set CP_DMA_OUTLINK_START to enable DMA transmission;

6. Set CP_DMA_INLINK_START to enable DMA reception.

DMA_ENGINE
outlink

descriptor 0

A4
4

descriptor n
Internal P

Ram

sng gHvY

inlink

descriptor 0

A
A

descriptor n

Figure 7-5. Copy DMA Engine Architecture

7.5 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 7-6 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.
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UDMA UART
UHCI
It Encoder Transmitter txd_out
DMA_ENGINE
Decoder Receiver ~xd_in

Figure 7-6. 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.

7.6 SPI DMA Controller

DMA_ENGINE |+, SPI2

DMA_ENGINE

'Y
Y

SPI3

Figure 7-7. SPI DMA

As shown in Figure 7-7, 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_DMA_IN_RST, SPI_AHBM_FIFO_RST and SPI_AHBM_RST bit first to 1 and then to O, to reset
DMA state machine and FIFO pointer;

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

1. Set SPI_DMA_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_DMA_OUTLINK_ADDR with address of the first transmit descriptor;
3. Set SPI_DMA_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.

7.7 12S DMA Controller

ESP32-S2 I2S has an individual DMA. 12S_DSCR_EN bit of I2S_FIFO_CONF_REG register is used to enable
DMA transfer of I12S. 12S DMA receives and transmits data through linked lists. The transmission of data can be
done in bursts. 12S_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 I2S_OUT_LINK_REG and 12S_INLINK_START bit of I2S_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, 1S DMA should be configured by software as follows:

1. Set 12S_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 125_OUT_RST, I25_AHBM_FIFO_RST and 12S5_AHBM_RST bit first to 1 and then to 0, to reset DMA
state machine and FIFO pointer;

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

Note: When 12S DMA transfers data between internal RAM and external RAM using 12S DMA,
I2S_MEM_TRANS_EN should be set.
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8. UART Controller

8.1 Overview

In embedded system applications, data is required to be transferred in a simple way with minimal system
resources. This can be achieved by a Universal Asynchronous Receiver/Transmitter (UART), which flexibly
exchanges data with other peripheral devices in full duplex mode. ESP32-S2 has two UART controllers
compatible with various UART devices. They support Infrared Data Association (IrDA) and RS-485
transmission.

ESP32-S2 has two UART controllers. Each has a group of registers that function identically. In this chapter, the
two UART controllers are referred to as UARTn, in which n denotes O or 1.

8.2 Features
Each UART controller has the following features:

® Programmable baud rate

e 512 x 8-bit RAM shared by TX FIFOs and RX FIFOs of two UART controllers
e Full duplex asynchronous communication

* Automatic baud rate detection

¢ Data bits ranging from 5 to 8

e Stop bits whose length can be 1, 1.5, 2 or 3 bits
e Parity bits

e Special character AT_CMD detection

e RS-485 protocol

¢ DA protocol

¢ High-speed data communication using DMA

e UART as wake-up source

e Software and hardware flow control

8.3 Functional Description

8.3.1 UART Introduction

A UART is a character-oriented data link for asynchronous communication between devices. Such
communication does not add clock signals to data sent. Therefore, in order to communicate successfully, the
transmitter and the receiver must operate at the same baud rate with the same stop bit and parity bit.

A UART data packet usually begins with one start bit, followed by data bits, one parity bit (optional) and one or
more stop bits. UART controllers on ESP32-S2 support various lengths of data bits and stop bits. These
controllers also support software and hardware flow control as well as DMA for seamless high-speed data
transfer. This allows developers to use multiple UART ports at minimal software cost.
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Figure 8-1. UART Structure

8.3.2 UART Structure

Figure 8-1 shows the basic structure of a UART controller. It has two possible clock sources: a 80 MHz
APB_CLK and a reference clock REF_TICK (for details, please refer to Chapter 2 Reset and Clock), which are
selected by configuring UART_TICK_REF_ALWAYS_ON. The selected clock source is divided by a divider to
generate clock signals that drive the UART controller. The divisor is configured by UART_CLKDIV_REG:
UART_CLKDIV for the integral part, and UART_CLKDIV_FRAG for the fractional part.

A UART controller is broken down into two parts according to functions: a transmitter and a receiver.

The transmitter contains a TX FIFO, which buffers data to be sent. Software can write data to Tx_FIFO via the
APB bus, or move data to Tx_FIFO using DMA. Tx_FIFO_Ctrl controls writing and reading Tx_FIFO. When
Tx_FIFO is not empty, Tx_FSM reads bytes via Tx_FIFO_Ctrl, and converts them into a bitstream. The levels of
output signal txd_out can be inverted by configuring UART_TXD_INV register.

The receiver contains a RX FIFO, which buffers data to be processed. Software can read data from Rx_FIFO via
the APB bus, or receive data using DMA. The levels of input signal rxd_in can be inverted by configuring
UART_RXD_INV register, and the signal is then input to the Rx components of the UART Controller;
Baudrate_Detect measures the baud rate of input signal rxd_in by detecting its minimum pulse width.
Start_Detect detects the start bit in a data frame. If the start bit is detected, Rx_FSM stores data bits in the data
frame into Rx_FIFO by Rx_FIFO_Ctrl.

HW_Flow_Ctrl controls rxd_in and txd_out data flows by standard UART RTS and CTS flow control signals
(rtsn_out and ctsn_in). SW_Flow_Citrl controls data flows by automatically adding special characters to outgoing
data and detecting special characters in incoming data. When a UART controller is in the Light-sleep mode,
Wakeup_Ctrl counts up rising edges of rxd_in. When the number reaches (UART_ACTIVE_THRESHOLD + 2), a
wake_up signal is generated and sent to RTC, which then wakes up the ESP32-S2 chip.
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Figure 8-2. UART Controllers Sharing RAM

8.3.3 UART RAM

The two UART controllers on ESP32-S2 share 512 x 8 bits of FIFO RAM. As figure 8-2 illustrates, RAM is divided
into 4 blocks, each has 128 x 8 bits. Figure 8-2 shows by default how many RAM blocks are allocated to TX
FIFOs and RX FIFOs of the two UART controllers. UARTn Tx_FIFO can be expanded by configuring
UART_TX_SIZE, while UARTn Rx_FIFO can be expanded by configuring UART_RX_SIZE. The size of UARTO
Tx_FIFO can be increased to 4 blocks (the whole RAM), the size of UART1 Tx_FIFO can be increased to 3 blocks
(from offset 128 to the end address), the size of UARTO Rx_FIFO can be increased to 2 blocks (from offset 256 to
the end address), but the size of UART1 Rx_FIFO cannot be increased. Please note that expanding one FIFO
may take up the default space of other FIFOs. For example, by setting UART_TX_SIZE of UARTO to 2, the size of
UARTO Tx_FIFO is increased by 128 bytes (from offset O to offset 255). In this case, UARTO Tx_FIFO takes up
the default space for UART1 Tx_FIFO, and UART1’s transmitting function cannot be used as a resullt.

When neither of the two UART controllers is active, RAM could enter low-power mode by setting
UART_MEM_FORCE_PD.

UARTO Tx_FIFO and UART1 Tx_FIFO are reset by setting UART_TXFIFO_RST. UARTO Rx_FIFO and UART1
Rx_FIFO are reset by setting UART_RXFIFO_RST.

Data to be sent is written to TX FIFO via the APB bus or using DMA, read automatically and converted from a
frame into a bitstream by hardware Tx_FSM; data received is converted from a bitstream into a frame by
hardware Rx_FSM, written into RX FIFO, and then stored into RAM via the APB bus or using DMA. The two
UART controllers share one DMA controller.

The empty signal threshold for Tx_FIFO is configured by setting UART_TXFIFO_EMPTY_THRHD. When data
stored in Tx_FIFO is less than UART_TXFIFO_EMPTY_THRHD, a UART_TXFIFO_EMPTY_INT interrupt is
generated.

The full signal threshold for Rx_FIFO is configured by setting UART_RXFIFO_FULL_THRHD. When data stored in
Rx_FIFO is greater than UART_RXFIFO_FULL_THRHD, a UART_RXFIFO_FULL_INT interrupt is generated. In
addition, when Rx_FIFO receives more data than its capacity, a UART_RXFIFO_OVF_INT interrupt is

generated.

8.3.4 Baud Rate Generation and Detection
8.3.4.1 Baud Rate Generation

Before a UART controller sends or receives data, the baud rate should be configured by setting corresponding
registers. A UART Controller baud rate generator functions by dividing the input clock source. It can divide the
clock source by a fractional amount. The divisor is configured by UART_CLKDIV_REG: UART_CLKDIV for the
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integral part, and UART_CLKDIV_FRAG for the fractional part. When using an 80 MHz input clock, the UART
controller supports a maximum baud rate of 5 Mbaud.

The divisor of the baud rate divider is equal to UART_CLKDIV + (UART_CLKDIV_FRAG / 16), meaning that the
final baud rate is equal to INPUT_FREQ / (UART_CLKDIV + (UART_CLKDIV_FRAG / 16)). For example, if
UART_CLKDIV = 694 and UART_CLKDIV_FRAG = 7 then the divisor value is (694 + 7/16) = 694.4375. If the
input clock frequency is 80MHz APB_CLK, the baud rate will be (80MHz / 69.4375) = 115201.

When UART_CLKDIV_FRAG is zero, the baud rate generator is an integer clock divider where an output pulse is
generated every UART_CLKDIV input pulses.

When UART_CLKDIV_FRAG is not zero, the divider is fractional and the output baud rate clock pulses are not
strictly uniform. As shown in figure 8-3, for every 16 output pulses, the generator divides either (UJART_CLKDIV +
1) input pulses or UART_CLKDIV input pulses per output pulse. A total of UART_CLKDIV_FRAG output pulses
are generated by dividing (UART_CLKDIV + 1) input pulses, and the remaining (16 - UART_CLKDIV_FRAG)
output pulses are generated by dividing UART_CLKDIV input pulses.

The output pulses are interleaved as shown in figure 8-3 below, to make the output timing more uniform:

Divider input clock m m H_H
UART_CLKDIV ~ «++ UART_CLKDIV UART_CLKDIV+1 UART_CLKDIV ... UART_CLKDIV UART_CLKDIV+1 UART_CLKDIV UART_CLKDIV+1
clock pluses clock pluses clock pluses clock pluses clock pluses clock pluses clock pluses clock pluses

t

UART_CLKDIV_FRAG

PSR | I | | | N | L]

16 output clock pluses

Figure 8-3. UART Controllers Division

To support IrDA (see Section 8.3.7 IrDA for details), the fractional clock divider for IrDA data transmission
generates clock signals divided by 16x UART_CLKDIV_REG. This divider works similarly as the one elaborated
above: it takes UART_CLKDIV/16 as the integer value and the lowest four bits of UART_CLKDIV as the fractional
value.

8.3.4.2 Baud Rate Detection

Automatic baud rate detection (Autobaud) on UARTs is enabled by setting UART_AUTOBAUD_EN. The
Baudrate_Detect module shown in figure 8-1 will measure pulse widths while filtering any noise whose pulse
width is shorter than UART_GLITCH_FILT.

Before communication starts, the transmitter could send random data to the receiver for baud rate detection.
UART_LOWPULSE_MIN_CNT stores the minimum low pulse width, UART_HIGHPULSE_MIN_CNT stores the
minimum high pulse width, UART_POSEDGE_MIN_CNT stores the minimum pulse width between two rising
edges, and UART_NEGEDGE_MIN_CNT stores the minimum pulse width between two falling edges. These four
registers are read by software to determine the transmitter’s baud rate.

Baud rate can be determined in the following three ways:

1. Normally, to avoid sampling erroneous data along rising or falling edges in semi-stable state, which results in
inaccuracy of UART_LOWPULSE_MIN_CNT or UART_HIGHPULSE_MIN_CNT, use a weighted average of these
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UART_HIGHPULSE_MIN_CNT

-
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UART_LOWPULSE_MIN_CNT

Figure 8-4. The Timing Diagram of Weak UART Signals Along Falling Edges

two values to eliminate errors. In this case, baud rate is calculated as follows:

f clk
(UART_LOWPULSE_MIN_CNT + UART_HIGHPULSE_MIN_CNT)/2

Buart =

2. If UART signals are weak along falling edges as shown in figure 8-4, which leads to inaccurate average of
UART_LOWPULSE_MIN_CNT and UART_HIGHPULSE_MIN_CNT, use UART_POSEDGE_MIN_CNT to
determine the transmitter’s baud rate as follows:

f clk
UART_POSEDGE_MIN_CNT/2

3. If UART signals are weak along rising edges, use UART_NEGEDGE_MIN_CNT to determine the transmitter’s
baud rate as follows:

Buart =

f clk
UART_NEGEDGE_MIN_CNT/2

Buar’[ =

8.3.5 UART Data Frame

1 N e
\START/ BITO m BIT2 >< BITn >< ParityX STOR\SﬁﬁT/

\Time to generate UART_PARITY_ERR_INT, UART_FRM_ERR_INT

oo+ o] (oo

brk_num UART_TX_IDLE_NUM brk_num

Figure 8-5. Structure of UART Data Frame

Figure 8-5 shows the basic structure of a data frame. A frame starts with one START bit, and ends with STOP
bits which can be 1, 1.5, 2 or 3 bits long, configured by UART_STOP_BIT_NUM, UART_DL1_EN and
UART_DLO_EN. The START bit is logical low, whereas STOP bits are logical high.

The actual data length can be anywhere between 5 ~ 8 bit, configured by UART_BIT_NUM. When
UART_PARITY_EN is set, a parity bit is added after data bits. UART_PARITY is used to choose even parity or
odd parity. When the receiver detects a parity bit error in data received, a UART_PARITY_ERR_INT interrupt is
generated and data received is still stored into RX FIFO. When the receiver detects a data frame error, a
UART_FRM_ERR_INT interrupt is generated, and data received by default is stored into RX FIFO.

If all data in Tx_FIFO has been sent, a UART_TX_DONE_INT interrupt is generated. After this, if the
UART_TXD_BRK bit is set then the transmitter will send several NULL characters in which the TX data line is
logical low. The number of NULL characters is configured by UART_TX_BRK_NUM. Once the transmitter has
sent all NULL characters, a UART_TX_BRK_DONE_INT interrupt is generated. The minimum interval between
data frames can be configured using UART_TX_IDLE_NUM. If the transmitter stays idle for UART_TX_IDLE_NUM
or more time, a UART_TX_BRK

_IDLE_DONE_INT interrupt is generated.
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Figure 8-6. AT_CMD Character Structure

Figure 8-6 is the structure of a special character AT_CMD. If the receiver constantly receives AT_CMD_CHAR and
the following conditions are met, a UART_AT_CMD_CHAR_DET_INT interrupt is generated.

* The interval between the first AT_CMD_CHAR and the last non AT_CMD_CHAR character is at least UART
_PRE_IDLE_NUM single-bit cycles.

¢ The interval between two AT_CMD_CHAR characters is less than UART_RX_GAP_TOUT single-bit cycles.
e The number of AT_CMD_CHAR characters is equal to or greater than UART_CHAR_NUM.

* The interval between the last AT_CMD_CHAR character and next non AT_CMD_CHAR character is at least
UART_POST_IDLE_NUM single-bit cycles.

8.3.6 RS485

The two UART controllers support RS485 standard. This standard uses differential signals to transmit data, so it
can communicate over longer distances at higher bit rates than RS232. RS485 has two-wire half-duplex mode
and four-wire full-duplex mode. UART controllers support two-wire half-duplex transmission and bus snooping.
In a two-wire RS485 multidrop network, there can be 32 slaves at most.

8.3.6.1 Driver Control

As shown in figure 8-7, in a two-wire multidrop network, an external RS485 transceiver is needed for differential
to single-ended conversion. A RS485 transceiver contains a driver and a receiver. When a UART controller is not
in transmitter mode, the connection to the differential line can be broken by disabling the driver. When DE is 1,
the driver is enabled; when DE is O, the driver is disabled.

The receiving UART converts differential signals to single-ended signals via an external receiver. RE is the enable
control signal for the receiver. When RE is O, the receiver is enabled; when RE is 1, the receiver is disabled. If RE
is configured as O, the UART controller is allowed to snoop data on the bus, including data sent by itself.

DE can be controlled by either software or hardware. To reduce cost of software, in our design DE is controlled
by hardware. As shown in figure 8-7, DE is connected to dtrn_out of UART (please refer to Section8.3.9.1
Hardware Flow Control for more details).

RS485 transeciver

D+
TXD O D-
dtrn_out
" DE
UART
0 RE
<RXD x

Figure 8-7. Driver Control Diagram in RS485 Mode
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8.3.6.2 Turnaround Delay

By default, the two UART controllers work in receiver mode. When a UART controller is switched from transmitter
mode to receiver mode, the RS485 protocol requires a turnaround delay of at least one cycle after the stop bit.
The transmitter supports turnaround delay of two cycles added after the stop bit. When UART_DL1_EN is set,
turnaround delay of one single-bit cycle is added; when UART_DLO_EN is set, turnaround delay of a second
cycle is added.

8.3.6.3 Bus Snooping

By default, an RS485 device is not allowed to transmit and receive data simultaneously. However, the UART
controller peripheral supports snooping this bus by receiving while transmitting. If UART_RS485TX_RX_EN is set
and the external RS485 transceiver is configured as in figure 8-7, a UART controller may receive data in
transmitter mode and snoop the bus. If UART_RS485RXBY_TX_EN is set, a UART controller may transmit data
in receiver mode.

The two UART controllers can snoop data sent by themselves. In transmitter mode, when a UART controller
monitors a collision between data sent and data received, a UART_RS485_CLASH_INT is generated; when a
UART controller monitor a data frame error, a UART_RS485_FRM_ERR_INT interrupt is generated; when a UART
controller monitors a polarity error, a UART_RS485_PARITY_ERR_INT is generated.

8.3.7 IrDA

IrDA protocol consists of three layers, namely the physical layer, the link access protocol and the link management
protocol. The two UART controllers implement IrDA physical layer. In I[rDA encoding, a UART controller supports
data rates up to 115.2 kbit/s (SIR, or serial infrared mode). As shown in figure 8-8, the IrDA encoder converts a
NRZ (non-return to zero code) signal to a RZI (return to zero code) signal and sends it to the external driver and
infrared LED. This encoder uses modulated signals whose pulse width is 3/16 bits to indicate logic “0”, and low
levels to indicate logic “1”. The IrDA decoder receives signals from the infrared receiver and converts them to
NRZ signals. In most cases, the receiver is high when it is idle, and the encoder output polarity is the opposite of
the decoder input polarity. If a low pulse is detected, it indicates that a start bit has been received.

When IrDA function is enabled, one bit is divided into 16 clock cycles. If the bit to be sent is zero, then the 9th,
10th and 11th clock cycle is high.
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Figure 8-8. The Timing Diagram of Encoding and Decoding in SIR mode

The IrDA transceiver is half-duplex, meaning that it cannot send and receive data simultaneously. As shown in
figure 8-9, IrDA function is enabled by setting UART_IRDA_EN. When UART_IRDA_TX_EN is set (high), the IrDA
transceiver is enabled to send data and not allowed to receive data; when UART_IRDA_TX_EN is reset (low), the
IrDA transceiver is enabled to receive data and not allowed to send data.

IrDA
0
L.

UART_TXD 1 -
—| I'DAENnc ol
UART_TXD

A

UART UART_IRDA_EN |[UART_IRDA_TX_EN

A

- IrDA Dec
UART_RXD 1
-
0

Figure 8-9. IrDA Encoding and Decoding Diagram

UART_RXD

8.3.8 Wake-up

UARTO and UART1 can be set as wake-up source. When a UART controller is in Light-sleep mode, Wakeup_Ctrl
counts up the rising edges of rxd_in. When the number of rising edges is greater than
(UART_ACTIVE_THRESHOLD + 2), a wake_up signal is generated and sent to RTC, which then wakes up
ESP32-S2.

8.3.9 Flow Control

UART controllers have two ways to control data flow, namely hardware flow control and software flow control.
Hardware flow control is achieved using output signal rtsn_out and input signal dsrn_in. Software flow control is
achieved by inserting special characters in data flow sent and detecting special characters in data flow
received.
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Figure 8-10. Hardware Flow Control Diagram

8.3.9.1 Hardware Flow Control

Figure 8-10 shows hardware flow control of a UART controller. Hardware flow control uses output signal rtsn_out
and input signal dsrn_in. Figure 8-11 illustrates how these signals are connected between ESP32-S2 UART
(hereinafter referred to as IUQ) and the external UART (hereinafter referred to as EUQ).

When rtsn_out of IUO is low, EUO is allowed to send data; when rtsn_out of IUO is high, EUO is notified to stop
sending data until rtsn_out of IUO returns to low. Output signal rtsn_out can be controlled in two ways.

e Software control: Enter this mode by setting UART_RX_FLOW_EN to 0. In this mode, the level of rtsn_out
is changed by configuring UART_SW_RTS.

e Hardware control: Enter this mode by setting UART_RX_FLOW_EN to 1. In this mode, rtsn_out is pulled
high when data in Rx_FIFO exceeds UART_RX_FLOW_THRHD.

ESP32-S2 UART External UART
) TX RX )
Transmitter > Receiver
rtsn_out rtsn_out
ctsn_in ctsn_in
Receiver RX TX| Transmitter

Figure 8-11. Connection between Hardware Flow Control Signals
When ctsn_in of IUQ is low, 1UO is allowed to send data; when ctsn_in is high, IUO is not allowed to send data.
When IUO detects an edge change of ctsn_in, a UART_CTS_CHG_INT interrupt is generated.

If dtrn_out of IUQ is high, it indicates that IUO is ready to transmit data. dtrn_out is generated by configuring
register UART_SW_DTR. When the IUO transmitter detects a edge change of dsrn_in, a UART_DSR_CHG_INT
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interrupt is generated. After this interrupt is detected, software can obtain the level of input signal dsrn_in by
reading UART_DSRN. If dsrn_in is high, it indicates that EUO is ready to transmit data.

In a two-wire RS485 multidrop network enabled by setting UART_RS485_EN, dtrn_out is used for
transmit/receive turnaround. In this case, dtrn_out is generated by hardware. When data transmission starts,
dtrn_out is pulled high and the external driver is enabled; when data transmission completes, dtrn_out is pulled
low and the external driver is disabled. Please note that when there is turnaround delay of one cycle added after
the stop bit, dtrn_out is pulled low after the delay.

UART loopback test is enabled by setting UART_LOOPBACK. In the test, UART output signal txd_out is
connected to its input signal rxd_in, rtsn_out is connected to ctsn_in, and dtrn_out is connected to dsrn_out. If
data sent matches data received, it indicates that UART controllers are working properly.

8.3.9.2 Software Flow Control

Instead of CTS/RTS lines, software flow control uses XON/XOFF characters to start or stop data transmission.
Such flow control is enabled by setting UART_SW_FLOW_CON_EN to 1.

When using software flow control, hardware automatically detects if there are XON/XOFF characters in data flow
received, and generate a UART_SW_XOFF_INT or a UART_SW_XON_INT interrupt accordingly. If an XOFF
character is detected, the transmitter stops data transmission once the current byte has been transmitted; if an
XON character is detected, the transmitter starts data transmission. In addition, software can force the
transmitter to stop sending data by setting UART_FORCE_XOFF, or to start sending data by setting
UART_FORCE_XON.

Software determines whether to insert flow control characters according to the remaining room in RX FIFO. When
UART_SEND_XOFF is set, the transmitter sends an XOFF character configured by UART_XOFF_CHAR after the
current byte in transmission; when UART_SEND_XON is set, the transmitter sends an XON character configured
by UART_XON_CHAR after the current byte in transmission. If the RX FIFO of a UART controller stores more data
than UART_XOFF_THRESHOLD, UART_SEND_XOFF is set by hardware. As a result, the transmitter sends an
XOFF character after the current byte in transmission. If the RX FIFO of a UART controller stores less data than
UART_XON_THRESHOLD, UART_SEND_XON is set by hardware. As a result, the transmitter sends an XON
character after the current byte in transmission.

8.3.10 UDMA
The two UART controllers on ESP32-S2 share one UDMA (UART DMA), which supports the decoding and
encoding of HCI data packets. For more information, please refer to Chapter 7: DMA Controller.

8.3.11 UART Interrupts
e UART_AT_CMD_CHAR_DET_INT: Triggered when the receiver detects an AT_CMD character.

UART_RS485_CLASH_INT: Triggered when a collision is detected between the transmitter and the receiver
in RS485 mode.

UART_RS485_FRM_ERR_INT: Triggered when an error is detected in the data frame sent by the
transmitter in RS485 mode.

UART_RS485_PARITY_ERR_INT: Triggered when an error is detected in the parity bit sent by the
transmitter in RS485 mode.

UART_TX_DONE_INT: Triggered when all data in the transmitter’s TX FIFO has been sent.
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8. UART Controller

e UART_TX_BRK_IDLE_DONE_INT: Triggered when the transmitter stays idle for the minimum interval
(threshold) after sending the last data bit.

e UART_TX_BRK_DONE_INT: Triggered when the transmitter sends a NULL character after all data in TX
FIFO has been sent.

e UART_GLITCH_DET_INT: Triggered when the receiver detects a glitch in the middle of the start bit.

o UART_SW_XOFF_INT: Triggered when UART_SW_FLOW_CON_EN is set and the receiver receives a Xoff
character.

e UART_SW_XON_INT: Triggered when UART_SW_FLOW_CON_EN is set and the receiver receives a Xon
character.

o UART_RXFIFO_TOUT_INT: Triggered when the receiver takes more time than UART_RX_TOUT_THRHD to
receive one byte.

o UART_BRK_DET_INT: Triggered when the receiver detects a NULL character after stop bits.

e UART_CTS_CHG_INT: Triggered when the receiver detects an edge change of CTSn signals.

¢ UART_DSR_CHG_INT: Triggered when the receiver detects an edge change of DSRn signals.

e UART_RXFIFO_OVF_INT: Triggered when the receiver receives more data than the capacity of RX FIFO.
o UART_FRM_ERR_INT: Triggered when the receiver detects a data frame error.

e UART_PARITY_ERR_INT: Triggered when the receiver detects a parity error.

e UART_TXFIFO_EMPTY_INT: Triggered when TX FIFO stores less data than what
UART_TXFIFO_EMPTY_THRHD specifies.

o UART_RXFIFO_FULL_INT: Triggered when the receiver receives more data than what
UART_RXFIFO_FULL_THRHD specifies.

o UART_WAKEUP_INT: Triggered when UART is woken up.

8.3.12 UHCI Interrupts
e UHCI_DMA_INFIFO_FULL_WM_INT: Triggered when the counter value of DMA RX FIFO exceeds
UHCI_DMA_INFIFO_FULL_THRS.

e UHCI_SEND_A_REG_Q_INT: Triggered when DMA has sent a series of short packets using always_send.
e UHCI_SEND_S_REG_Q_INT: Triggered when DMA has sent a series of short packets using single_send.
e UHCI_OUT_TOTAL_EOF_INT: Triggered when all data has been sent.

e UHCI_OUTLINK_EOF_ERR_INT: Triggered when an EOF error is detected in a transmit descriptor.

e UHCI_IN_DSCR_EMPTY_INT: Triggered when there are not enough receive descriptors for DMA.

e UHCI_OUT_DSCR_ERR_INT: Triggered when an error is detected in a transmit descriptor.

e UHCI_IN_DSCR_ERR_INT: Triggered when an error is detected in an receive descriptor.

e UHCI_OUT_EOF_INT: Triggered when the EOF bit in a descriptor is 1.

e UHCI_OUT_DONE_INT: Triggered when a transmit descriptor is completed.

e UHCI_IN_ERR_EOF_INT: Triggered when an EOF error is detected in an receive descriptor.
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8. UART Controller

UHCI_IN_SUC_EOF_INT: Triggered when a data packet has been received.

UHCI_IN_DONE_INT: Triggered when an receive descriptor is completed.

UHCI_TX_HUNG_INT: Triggered when DMA spends too much time on reading RAM.

UHCI_RX_HUNG_INT: Triggered when DMA spends too much time on receiving data.

UHCI_TX_START_INT: Triggered when DMA detects a separator character.

UHCI_RX_START_INT: Triggered when a separator character has been sent.

8.4 Base Address

Users can access UARTO, UART1 and UHCIO respectively with two register base addresses shown in the
following table. For more information about accessing peripherals from different buses please see Chapter 1:

System and Memory.
Table 37: Base addresses of UARTO, UART1 and UHCIO

Name Bus to Access Peripheral Base Address

PeriBUS1 0x3F400000
UARTO ,

PeriBUS2 0x60000000

PeriBUS 0x3F410000
UART1 ,

PeriBUS2 0x60010000

PeriBUS 0x3F414000
UHCIO ,

PeriBUS2 0x60014000

8.5 Register Summary

The addresses in the following table are relative to the UART base addresses provided in Section 8.4.

Name ‘ Description Address | Access
FIFO Configuration

UART_FIFO_REG FIFO data register 0x0000 | RO
UART_MEM_CONF_REG UART threshold and allocation configuration 0x005C | R/W
Interrupt registers

UART_INT_RAW_REG Raw interrupt status 0x0004 | RO
Interrupt Register

UART_INT_ST_REG Masked interrupt status 0x0008 | RO
UART_INT_ENA_REG Interrupt enable bits 0x000C | R/W
UART_INT_CLR_REG Interrupt clear bits 0x0010 | WO
Configuration Register

UART_CLKDIV_REG Clock divider configuration 0x0014 | R/W
UART_CONFO_REG Configuration register O 0x0020 | R/W
UART_CONF1_REG Configuration register 1 0x0024 | R/W
UART_FLOW_CONF_REG Software flow control configuration 0x0034 | R/W
UART_SLEEP_CONF_REG Sleeping mode configuration 0x0038 | R/W
UART_SWFC_CONFO_REG Software flow control character configuration 0x003C | R/W
UART_SWFC_CONF1_REG Software flow-control character configuration 0x0040 | R/W
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Name Description Address | Access
UART_IDLE_CONF_REG Frame-end idle configuration 0x0044 | R/W
UART_RS485_CONF_REG RS485 mode configuration 0x0048 | R/W
Autobaud Register

UART_AUTOBAUD_REG Autobaud configuration register 0x0018 | R/'W
UART_LOWPULSE_REG Autobaud minimum low pulse duration register | 0x0028 | RO
UART_HIGHPULSE_REG Autobaud minimum high pulse duration register | Ox002C | RO
UART_RXD_CNT_REG Autobaud edge change count register 0x0030 | RO
UART_POSPULSE_REG Autobaud high pulse register 0x006C | RO
UART_NEGPULSE_REG Autobaud low pulse register 0x0070 | RO
Status Register

UART_STATUS_REG UART status register 0x001C | RO
UART_MEM_TX_STATUS_REG TX FIFO write and read offset address 0x0060 | RO
UART_MEM_RX_STATUS_REG RX FIFO write and read offset address 0x0064 | RO
UART_FSM_STATUS_REG UART transmit and receive status 0x0068 | RO
AT Escape Sequence Selection Configuration

UART_AT_CMD_PRECNT_REG Pre-sequence timing configuration 0x004C | R/'W
UART_AT_CMD_POSTCNT_REG Post-sequence timing configuration 0x0050 | R/W
UART_AT_CMD_GAPTOUT_REG Timeout configuration 0x0054 | R/W
UART_AT_CMD_CHAR_REG AT Escape Sequence Selection Configuration 0x0058 | R/W
Version Register

UART_DATE_REG | UART version control register | ox0074 | RW
Name ‘ Description ‘ Address ‘ Access
Configuration Register

UHCI_CONFO_REG UHCI configuration register 0x0000 | R/W
UHCI_CONF1_REG UHCI configuration register 0x002C | R/W
UHCI_AHB_TEST_REG AHB test register 0x0048 | R/W
UHCI_ESCAPE_CONF_REG Escape characters configuration 0x0064 | R/W
UHCI_HUNG_CONF_REG Timeout configuration 0x0068 | R/W
UHCI_QUICK_SENT_REG UHCI quick send configuration register 0x0074 | R/W
UHCI_REG_Q0_WORDO_REG QO_WORDO quick_sent register 0x0078 | R/W
UHCI_REG_Q0_WORD1_REG QO_WORD1 quick_sent register 0x007C | R/'W
UHCI_REG_Q1_WORDO_REG Q1_WORDO quick_sent register 0x0080 | R/W
UHCI_REG_Q1_WORD1_REG Q1_WORD1 quick_sent register 0x0084 | R/W
UHCI_REG_Q2_WORDO_REG Q2_WORDO quick_sent register 0x0088 | R/W
UHCI_REG_Q2_WORD1_REG Q2_WORD1 quick_sent register 0x008C | R/W
UHCI_REG_Q3_WORDO_REG QB8_WORDO quick_sent register 0x0090 | R/W
UHCI_REG_Q3_WORD1_REG QB3_WORD1 quick_sent register 0x0094 | R/W
UHCI_REG_Q4_WORDO_REG Q4_WORDO quick_sent register 0x0098 | R/W
UHCI_REG_Q4_WORD1_REG Q4_WORD1 quick_sent register 0x009C | R/W
UHCI_REG_Q5_WORDO_REG Q5_WORDO quick_sent register Ox00A0 | R/W
UHCI_REG_Q5_WORD1_REG Q5_WORD1 quick_sent register 0x00A4 | R/W
UHCI_REG_Q6_WORDO_REG Q6_WORDO quick_sent register Ox00A8 | R/W
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Name Description Address | Access
UHCI_REG_Q6_WORD1_REG Q6_WORD1 quick_sent register Ox00AC | R/W
UHCI_ESC_CONFO_REG Escape sequence configuration register O 0x00BO | R/W
UHCI_ESC_CONF1_REG Escape sequence configuration register 1 0x00B4 | R/W
UHCI_ESC_CONF2_REG Escape sequence configuration register 2 0x00B8 | R/W
UHCI_ESC_CONF3_REG Escape sequence configuration register 3 0x00BC | R/W
UHCI_PKT_THRES_REG Configure register for packet length 0x00CO | R/W
Interrupt Register

UHCI_INT_RAW_REG Raw interrupt status 0x0004 | RO
UHCI_INT_ST_REG Masked interrupt status 0x0008 | RO
UHCL_INT_ENA_REG Interrupt enable bits 0x000C | R/'W
UHCL_INT_CLR_REG Interrupt clear bits 0x0010 | WO
DMA Status

UHCI_DMA_OUT_STATUS_REG DMA data-output status register 0x0014 | RO
UHCI_DMA_IN_STATUS_REG UHCI data-input status register 0x001C | RO
UHCI_STATEO_REG UHCI decoder status register 0x0030 | RO
UHCI_DMA_OUT_EOF_DES_ADDR Outlink descriptor address when EOF occurs 0x0038 | RO
_REG

UHCI_DMA_IN_SUC_EOF_DES_ADDR | Inlink descriptor address when EOF occurs 0x003C | RO
_REG

UHCI_DMA_IN_ERR_EOF_DES_ADDR | Inlink descriptor address when errors occur 0x0040 | RO
_REG

UHCI_DMA_OUT_EOF_BFR_DES_ Outlink descriptor address before the last trans- | 0x0044 | RO
ADDR_REG mit descriptor

UHCI_DMA_IN_DSCR_REG The third word of the next receive descriptor 0x004C | RO
UHCI_DMA_IN_DSCR_BFO_REG The third word of current receive descriptor 0x0050 | RO
UHCI_DMA_IN_DSCR_BF1_REG The second word of current receive descriptor 0x0054 | RO
UHCI_DMA_OUT_DSCR_REG The third word of the next transmit descriptor 0x0058 | RO
UHCI_DMA_OUT_DSCR_BF0O_REG The third word of current transmit descriptor 0x005C | RO
UHCI_DMA_OUT_DSCR_BF1_REG The second word of current transmit descriptor | Ox0060 | RO
UHCI_RX_HEAD_REG UHCI packet header register 0x0070 | RO
UHCI_STATE1_REG UHCI encoder status register 0x0034 | RO
DMA Configuration

UHCI_DMA_OUT_PUSH_REG Push control register of data-output FIFO 0x0018 | R/W
UHCI_DMA_IN_POP_REG Pop control register of data-input FIFO 0x0020 | varies
UHCI_DMA_OUT_LINK_REG Link descriptor address and control 0x0024 | varies
UHCI_DMA_IN_LINK_REG Link descriptor address and control 0x0028 | varies
Version Register

UHCI_DATE_REG UHCI version control register Ox00FC | R/W
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8.6 Registers

Register 8.1: UART_FIFO_REG (0x0000)
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UART_RX_SIZE This register is used to configure the amount of mem allocated for RX FIFO. The
default number is 128 bytes. (R/W)

UART_TX_SIZE This register is used to configure the amount of mem allocated for TX FIFO. The
default number is 128 bytes. (R/W)

UART_RX_FLOW_THRHD This register is used to configure the maximum amount of data that can
be received when hardware flow control works. (R/W)

UART_RX_TOUT_THRHD This register is used to configure the threshold time that receiver takes to
receive one byte. The UART_RXFIFO_TOUT_INT interrupt will be triggered when the receiver takes
more time to receive one byte with UART RX_TOUT_EN set to 1. (R/W)

UART_MEM_FORCE_PD Set this bit to force power down UART memory. (R/W)

UART_MEM_FORCE_PU Set this bit to force power up UART memory. (R/W)
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Register 8.3: UART_INT_RAW_REG (0x0004)

UART_RXFIFO_FULL_INT_RAW This interrupt raw bit turns to high level when receiver receives more
data than what UART_RXFIFO_FULL_THRHD specifies. (RO)

UART_TXFIFO_EMPTY_INT_RAW This interrupt raw bit turns to high level when the amount of data
in TX FIFO is less than what UART_TXFIFO_EMPTY_THRHD specifies. (RO)

UART_PARITY_ERR_INT_RAW This interrupt raw bit turns to high level when receiver detects a parity
error in the data. (RO)

UART_FRM_ERR_INT_RAW This interrupt raw bit turns to high level when receiver detects a data
frame error. (RO)

UART_RXFIFO_OVF_INT_RAW This interrupt raw bit turns to high level when receiver receives more
data than the FIFO can store. (RO)

UART_DSR_CHG_INT_RAW This interrupt raw bit turns to high level when receiver detects the edge
change of DSRn signal. (RO)

UART_CTS_CHG_INT_RAW This interrupt raw bit turns to high level when receiver detects the edge
change of CTSn signal. (RO)

UART_BRK_DET_INT_RAW This interrupt raw bit turns to high level when receiver detects a O after
the stop bit. (RO)

UART_RXFIFO_TOUT_INT_RAW This interrupt raw bit turns to high level when receiver takes more
time than UART_RX_TOUT_THRHD to receive a byte. (RO)

UART_SW_XON_INT_RAW This interrupt raw bit turns to high level when receiver receives XON char-
acter when UART_SW_FLOW_CON_EN is set to 1. (RO)

UART_SW_XOFF_INT_RAW This interrupt raw bit turns to high level when receiver receives XOFF
character when UART_SW_FLOW_CON_EN is set to 1. (RO)

UART_GLITCH_DET_INT_RAW This interrupt raw bit turns to high level when receiver detects a
glitch in the middle of a start bit. (RO)

UART_TX_BRK_DONE_INT_RAW This interrupt raw bit turns to high level when transmitter com-
pletes sending NULL characters, after all data in TX FIFO are sent. (RO)

UART_TX_BRK_IDLE_DONE_INT_RAW This interrupt raw bit turns to high level when transmitter
has kept the shortest duration after sending the last data. (RO)
Continued on the next page...
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Register 8.3: UART_INT_RAW_REG (0x0004)

Continued from the previous page...

UART_TX_DONE_INT_RAW This interrupt raw bit turns to high level when transmitter has sent out
all data in FIFO. (RO)

UART_RS485_PARITY_ERR_INT_RAW This interrupt raw bit turns to high level when receiver de-
tects a parity error from the echo of transmitter in RS485 mode. (RO)

UART_RS485_FRM_ERR_INT_RAW This interrupt raw bit turns to high level when receiver detects
a data frame error from the echo of transmitter in RS485 mode. (RO)

UART_RS485_CLASH_INT_RAW This interrupt raw bit turns to high level when detects a clash be-
tween transmitter and receiver in RS485 mode. (RO)

UART_AT_CMD_CHAR_DET_INT_RAW This interrupt raw bit turns to high level when receiver de-
tects the configured UART_AT_CMD CHAR. (RO)

UART_WAKEUP_INT_RAW This interrupt raw bit turns to high level when input rxd edge changes
more times than what UART_ACTIVE_THRESHOLD specifies in Light-sleep mode. (RO)
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Register 8.4: UART_INT_ST_REG (0x0008)

UART_RXFIFO_FULL_INT_ST This is the status bit for UART_RXFIFO_FULL_INT_RAW when
UART_RXFIFO_FULL_INT_ENA is set to 1. (RO)

UART_TXFIFO_EMPTY_INT_ST This is the status bit for UART_TXFIFO_EMPTY_INT_RAW when
UART_TXFIFO_EMPTY_INT_ENA is set to 1. (RO)

UART_PARITY_ERR_INT_ST This is the status bit for UART_PARITY_ERR_INT_RAW when
UART_PARITY_ERR_INT_ENAis set to 1. (RO)

UART_FRM_ERR_INT_ST This is the status bit for UART_FRM_ERR_INT_RAW when
UART_FRM_ERR_INT_ENA is set to 1. (RO)

UART_RXFIFO_OVF_INT_ST This is the status bit for UART_RXFIFO_OVF_INT_RAW when
UART_RXFIFO_OVF_INT_ENA is set to 1. (RO)

UART_DSR_CHG_INT_ST This is the status bit for UART_DSR_CHG_INT_RAW when
UART_DSR_CHG_INT_ENA is set to 1. (RO)

UART_CTS_CHG_INT_ST This is the status bit for UART_CTS_CHG_INT_RAW when
UART_CTS_CHG_INT_ENA is set to 1. (RO)

UART_BRK_DET_INT_ST This is the status bit for UART_BRK_DET_INT_RAW when
UART_BRK_DET_INT_ENAis set to 1. (RO)

UART_RXFIFO_TOUT_INT_ST This is the status bit for UART_RXFIFO_TOUT_INT_RAW when
UART_RXFIFO_TOUT_INT_ENAis set to 1. (RO)

UART_SW_XON_INT_ST This is the status bit for UART_SW_XON_INT_RAW when
UART_SW_XON_INT_ENA is set to 1. (RO)

UART_SW_XOFF_INT_ST This is the status bit for UART_SW_XOFF_INT_RAW when
UART_SW_XOFF_INT_ENAis set to 1. (RO)

UART_GLITCH_DET_INT_ST This is the status bit for UART_GLITCH_DET_INT_RAW when
UART_GLITCH_DET_INT_ENAis set to 1. (RO)

UART_TX_BRK_DONE_INT_ST This is the status bit for UART_TX_BRK_DONE_INT_RAW when
UART_TX_BRK_DONE_INT_ENA is set to 1. (RO)

UART_TX_BRK_IDLE_DONE_INT_ST This is the status bit for
UART_TX_BRK_IDLE_DONE_INT_RAW when UART_TX_BRK_IDLE_DONE_INT_ENA is set
to 1. (RO)

Continued on the next page...
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Register 8.4: UART_INT_ST_REG (0x0008)

Continued from the previous page...

UART_TX_DONE_INT_ST This is the status bit for UART_TX_DONE_INT_RAW when
UART_TX_DONE_INT_ENA is set to 1. (RO)

UART_RS485_PARITY_ERR_INT_ST Thisis the status bit for UART_RS485_PARITY_ERR_INT_RAW
when UART_RS485_PARITY_INT_ENA is set to 1. (RO)

UART_RS485_FRM_ERR_INT_ST This is the status bit for UART_RS485_FRM_ERR_INT_RAW
when UART_RS485_FM_ERR_INT_ENAis set to 1. (RO)

UART_RS485_CLASH_INT_ST This is the status bit for UART_RS485_CLASH_INT_RAW when
UART_RS485_CLASH_INT_ENAis set to 1. (RO)

UART_AT_CMD_CHAR_DET_INT_ST This is the status bit for UART_AT_CMD_DET_INT_RAW
when UART_AT_CMD_CHAR_DET_INT_ENA is set to 1. (RO)

UART_WAKEUP_INT_ST This is the status bit for UART_WAKEUP_INT_RAW when
UART_WAKEUP_INT_ENA is set to 1. (RO)
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8. UART Controller

Register 8.5: UART_INT_ENA_REG (0x000C)
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UART_RXFIFO_FULL_INT_ENA This is the enable bit for UART_RXFIFO_FULL_INT_ST register.
(R/W)

UART_TXFIFO_EMPTY_INT_ENA This is the enable bit for UART_TXFIFO_EMPTY_INT_ST register.
(R/W)

UART_PARITY_ERR_INT_ENA This is the enable bit for UART_PARITY_ERR_INT_ST register. (R/W)

UART_FRM_ERR_INT_ENA This is the enable bit for UART_FRM_ERR_INT_ST register. (R/W)

UART_RXFIFO_OVF_INT_ENA This is the enable bit for UART_RXFIFO_OVF_INT_ST register. (R/W)

UART_DSR_CHG_INT_ENA This is the enable bit for UART_DSR_CHG_INT_ST register. (R/W)
UART_CTS_CHG_INT_ENA This is the enable bit for UART_CTS_CHG_INT_ST register. (R/W)
UART_BRK_DET_INT_ENA This is the enable bit for UART_BRK_DET_INT_ST register. (R/W)

UART_RXFIFO_TOUT_INT_ENA This is the enable bit for UART_RXFIFO_TOUT_INT_ST register.
(R/W)

UART_SW_XON_INT_ENA This is the enable bit for UART_SW_XON_INT_ST register. (R/W)
UART_SW_XOFF_INT_ENA This is the enable bit for UART_SW_XOFF_INT_ST register. (R/W)

UART_GLITCH_DET_INT_ENA Thisis the enable bit for UART_GLITCH_DET_INT_ST register. (R/W)

UART_TX_BRK_DONE_INT_ENA This is the enable bit for UART_TX_BRK_DONE_INT_ST register.
(R/W)

UART_TX_BRK_IDLE_DONE_INT_ENA This is the enable bit for
UART_TX_BRK_IDLE_DONE_INT_ST register. (R/W)
UART_TX_DONE_INT_ENA This is the enable bit for UART_TX_DONE_INT_ST register. (R/W)

UART_RS485_PARITY_ERR_INT_ENA This is the enable bit for
UART_RS485_PARITY_ERR_INT_ST register. (R/W)

UART_RS485_FRM_ERR_INT_ENA This is the enable bit for UART_RS485_PARITY_ERR_INT_ST
register. (R/W)

Continued on the next page...
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8. UART Controller

Register 8.5: UART_INT_ENA_REG (0x000C)

Continued from the previous page...

UART_RS485_CLASH_INT_ENA This is the enable bit for UART_RS485_CLASH_INT_ST register.
R/W)

UART_AT_CMD_CHAR_DET_INT_ENA This is the enable bit for
UART_AT_CMD_CHAR_DET_INT_ST register. (R/W)

UART_WAKEUP_INT_ENA This is the enable bit for UART_WAKEUP_INT_ST register. (R/W)
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8. UART Controller

Register 8.6: UART_INT_CLR_REG (0x0010)

UART_RXFIFO_FULL_INT_CLR Set this bit to clear UART_THE RXFIFO_FULL_INT_RAW interrupt.

(WO)

UART_TXFIFO_EMPTY_INT_CLR Set this bit to clear UART_TXFIFO_EMPTY_INT_RAW interrupt.

(WO)

UART_PARITY_ERR_INT_CLR Set this bit to clear UART_PARITY_ERR_INT_RAW interrupt. (WO)

UART_FRM_ERR_INT_CLR Set this bit to clear UART_FRM_ERR_INT_RAW interrupt. (WO)

UART_RXFIFO_OVF_INT_CLR Set this bit to clear UART_UART_RXFIFO_OVF_INT_RAW interrupt.

(WO)

UART_DSR_CHG_INT_CLR Set this bit to clear UART_DSR_CHG_INT_RAW interrupt. (WO)

UART_CTS_CHG_INT_CLR Set this bit to clear UART_CTS_CHG_INT_RAW interrupt. (WO)

UART_BRK_DET_INT_CLR Set this bit to clear UART_BRK_DET_INT_RAW interrupt. (WO)

UART_RXFIFO_TOUT_INT_CLR Set this bit to clear UART_RXFIFO_TOUT_INT_RAW interrupt.

(WO)

UART_SW_XON_INT_CLR Set this bit to clear UART_SW_XON_INT_RAW interrupt. (WO)

UART_SW_XOFF_INT_CLR Set this bit to clear UART_SW_XOFF_INT_RAW interrupt. (WO)

UART_GLITCH_DET_INT_CLR Set this bit to clear UART_GLITCH_DET_INT_RAW interrupt. (WO)

UART_TX_BRK_DONE_INT_CLR Set this bit to clear UART_TX_BRK_DONE_INT_RAW interrupt.

(WO)

UART_TX_BRK_IDLE_DONE_INT_CLR Set this bit to clear UART_TX_BRK_IDLE_DONE_INT_RAW
interrupt. (WO)

UART_TX_DONE_INT_CLR Set this bit to clear UART_TX_DONE_INT_RAW interrupt. (WO)

UART_RS485_PARITY_ERR_INT_CLR Set this bit to clear UART_RS485_PARITY_ERR_INT_RAW
interrupt. (WO)

UART_RS485_FRM_ERR_INT_CLR Set this bit to clear UART_RS485_FRM_ERR_INT_RAW inter-

rupt. (WO)

UART_RS485_CLASH_INT_CLR Set this bit to clear UART_RS485_CLASH_INT_RAW interrupt.

(WO)
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8. UART Controller

Register 8.6: UART_INT_CLR_REG (0x0010)

Continued from the previous page...

UART_AT_CMD_CHAR_DET_INT_CLR Set this bit to clear UART_AT_CMD_CHAR_DET_INT_RAW
interrupt. (WQO)

UART_WAKEUP_INT_CLR Set this bit to clear UART_WAKEUP_INT_RAW interrupt. (WO)

Register 8.7: UART_CLKDIV_REG (0x0014)

AQQ\?Q Q
Ve
%Q’(@ Q§ g Q§ ’
& Na X
‘31 24|23 20|19 0‘
\ 0 00 0 0 0 0 O | 0x0 | 0x2b6 \Reset

UART_CLKDIV The integral part of the frequency divisor. (R/W)

UART_CLKDIV_FRAG The decimal part of the frequency divisor. (R/W)
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8. UART Controller

Register 8.8: UART_CONFO_REG (0x0020)
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¥ K8 o SRR R R e f g
¢ JFTF E JFTIITITITITFIFIFFFFFFFFFFIFIFF ¥ ¥ X
‘31 29|28|27|26 25|24|23|22|21|20|19|18|17|16|15|l4|l3|12|11|10|9|8|7|6|5 4|3 2|1|0‘
\o 0 0|1|1|o o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o| 1 | 3 |o|o\Reset

UART_PARITY This register is used to configure the parity check mode. 1°h0: even. 1’h1: odd.
(RW)

UART_PARITY_EN Set this bit to enable UART parity check. (R/W)

UART_BIT_NUM This register is used to set the length of data. O: 5 bits 1: 6 bits 2: 7 bits 3: 8 bits.
RW)

UART_STOP_BIT_NUM This register is used to set the length of stop bit. 1: 1 bit 2: 1.5 bits 3: 2
bits. (R/W)

UART_SW_RTS This register is used to configure the software RTS signal which is used in software
flow control. (R/W)

UART_SW_DTR This register is used to configure the software DTR signal which is used in software
flow control. (R/W)

UART_TXD_BRK Set this bit to enable transmitter to send NULL when the process of sending data
is done. (R/W)

UART_IRDA_DPLX Set this bit to enable IrDA loopback mode. (R/W)
UART_IRDA_TX_EN This is the start enable bit for IrDA transmitter. (R/W)

UART_IRDA_WCTL 1’h1: The IrDA transmitter’s 11th bit is the same as 10th bit. 1’h0: Set IFDA
transmitter’s 11th bit to 0. (R/W)

UART_IRDA_TX_INV Set this bit to invert the level of IrDA transmitter. (R/W)
UART_IRDA_RX_INV Set this bit to invert the level of IrDA receiver. (R/W)
UART_LOOPBACK Set this bit to enable UART loopback test mode. (R/W)
UART_TX_FLOW_EN Set this bit to enable flow control function for transmitter. (R/W)
UART_IRDA_EN Set this bit to enable IrDA protocol. (R/W)

UART_RXFIFO_RST Set this bit to reset the UART RX FIFO. (R/W)
UART_TXFIFO_RST Set this bit to reset the UART TX FIFO. (R/W)

UART_RXD_INV Set this bit to inverse the level value of UART RXD signal. (R/W)
UART_CTS_INV Set this bit to inverse the level value of UART CTS signal. (R/W)
UART_DSR_INV Set this bit to inverse the level value of UART DSR signal. (R/W)

Continued on the next page... o
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8. UART Controller

Register 8.8: UART_CONFO_REG (0x0020)

Continued from the previous page...

UART_TXD_INV Set this bit to inverse the level value of UART TXD signal. (R/W)
UART_RTS_INV Set this bit to inverse the level value of UART RTS signal. (R/W)
UART_DTR_INV Set this bit to inverse the level value of UART DTR signal. (R/W)

UART_TICK_REF_ALWAYS_ON This register is used to select the clock. 1’h1: APB_CLK. 1’h0:
REF_TICK. (R/W)

UART_MEM_CLK_EN UART memory clock gate enable signal. 1: UART memory powers on, the
data of which can be read and written. 0: UART memory powers down. (R/W)

Register 8.9: UART_CONF1_REG (0x0024)
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‘O ofojo o o o 0o O O O o o0 o 0x60 0x60 ‘Reset

UART_RXFIFO_FULL_THRHD It will produce UART_RXFIFO_FULL_INT interrupt when receiver re-
ceives more data than this register value. (R/W)

UART_TXFIFO_EMPTY_THRHD It will produce UART_TXFIFO_EMPTY_INT interrupt when the data
amount in TX FIFO is less than this register value. (R/W)

UART_RX_TOUT_FLOW_DIS Set this bit to stop accumulating idle_cnt when hardware flow control
works. (R/W)

UART_RX_FLOW_EN This is the flow enable bit for UART receiver. 1'h1: Choose software flow
control with configuring sw_rts signal. 1’hQ: Disable software flow control. (R/W)

UART_RX_TOUT_EN This is the enable bit for UART receiver’s timeout function. (R/W)
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8. UART Controller

Register 8.10: UART_FLOW_CONF_REG (0x0034)
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UART_SW_FLOW_CON_EN Set this bit to enable software flow control. It is used with register
SW_XON or SW_XOFF. (R/W)

UART_XONOFF_DEL Set this bit to remove flow control character from the received data. (R/W)
UART_FORCE_XON Set this bit to enable the transmitter to go on sending data. (R/W)
UART_FORCE_XOFF Set this bit to stop the transmitter from sending data. (R/W)

UART_SEND_XON Set this bit to send XON character. It is cleared by hardware automatically. (R/W)

UART_SEND_XOFF Set this bit to send XOFF character. It is cleared by hardware automatically.

(R'W)
Register 8.11: UART_SLEEP_CONF_REG (0x0038)
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UART_ACTIVE_THRESHOLD The UART is activated from light sleeping mode when the input rxd
edge changes more times than this register value. (R/W)
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8. UART Controller

Register 8.12: UART_SWFC_CONF0_REG (0x003C)
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UART_XOFF_THRESHOLD When the data amount in RX FIFO is more than this register value with
UART_SW_FLOW_CON_EN set to 1, it will send a XOFF character. (R/W)

UART_XOFF_CHAR This register stores the XOFF flow control character. (R/W)

Register 8.13: UART_SWFC_CONF1_REG (0x0040)
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UART_XON_THRESHOLD When the data amount in RX FIFO is less than this register value with
UART_SW_FLOW_CON_EN set to 1, it will send a XON character. (R/W)

UART_XON_CHAR This register stores the XON flow control character. (R/W)

Register 8.14: UART_IDLE_CONF_REG (0x0044)
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UART_RX_IDLE_THRHD It will produce frame end signal when receiver takes more time to receive
one byte data than this register value. (R/W)

UART_TX_IDLE_NUM This register is used to configure the duration time between transfers. (R/W)

UART_TX_BRK_NUM This register is used to configure the number of O to be sent after the process
of sending data is done. It is active when UART_TXD_BRK is set to 1. (R/W)
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8. UART Controller

Register 8.15: UART_RS485_CONF_REG (0x0048)
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UART_RS485_EN Set this bit to choose the RS485 mode. (R/W)
UART_DLO_EN Set this bit to delay the stop bit by 1 bit. (R/W)
UART_DL1_EN Set this bit to delay the stop bit by 1 bit. (R/W)

UART_RS485TX_RX_EN Set this bit to enable receiver could receive data when the transmitter is
transmitting data in RS485 mode. (R/W)

UART_RS485RXBY_TX_EN 1’h1: enable RS485 transmitter to send data when RS485 receiver line
is busy. 1’h0: RS485 transmitter should not send data when its receiver is busy. (R/W)

UART_RS485_RX_DLY_NUM This register is used to delay the receiver’s internal data signal. (R/W)

UART_RS485_TX_DLY_NUM This register is used to delay the transmitter’s internal data signal.

(R/W)
Register 8.16: UART_AUTOBAUD_REG (0x0018)
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UART_AUTOBAUD_EN This is the enable bit for detecting baudrate. (R/W)

UART_GLITCH_FILT when input pulse width is lower than this value, the pulse is ignored. This register
is used in autobaud detect process. (R/W)
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8. UART Controller

Register 8.17: UART_LOWPULSE_REG (0x0028)
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UART_LOWPULSE_MIN_CNT This register stores the value of the minimum duration time of the low
level pulse. It is used in baud rate detection. (RO)

Register 8.18: UART_HIGHPULSE_REG (0x002C)
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UART_HIGHPULSE_MIN_CNT This register stores the value of the maximum duration time for the
high level pulse. It is used in baud rate detection. (RO)

Register 8.19: UART_RXD_CNT_REG (0x0030)
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UART_RXD_EDGE_CNT This register stores the count of rxd edge change. It is used in baud rate
detection. (RO)
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8. UART Controller

Register 8.20: UART_POSPULSE_REG (0x006C)
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UART_POSEDGE_MIN_CNT This register stores the minimal input clock count between two positive
edges. It is used in baud rate detection. (RO)

Register 8.21: UART_NEGPULSE_REG (0x0070)
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UART_NEGEDGE_MIN_CNT This register stores the minimal input clock count between two negative
edges. It is used in baud rate detection. (RO)
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8. UART Controller

Register 8.22: UART_STATUS_REG (0x001C)
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UART_RXFIFO_CNT Stores the byte number of valid data in RX FIFO. (RO)
UART_DSRN The register represent the level value of the internal UART DSR signal. (RO)
UART_CTSN This register represent the level value of the internal UART CTS signal. (RO)
UART_RXD This register represent the level value of the internal UART RXD signal. (RO)
UART_TXFIFO_CNT Stores the byte number of data in TX FIFO. (RO)

UART_DTRN This bit represents the level of the internal UART DTR signal. (RO)
UART_RTSN This bit represents the level of the internal UART RTS signal. (RO)

UART_TXD This bit represents the level of the internal UART TXD signal. (RO)

Register 8.23: UART_MEM_TX_STATUS_REG (0x0060)
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UART_APB_TX_WADDR This register stores the offset address in TX FIFO when software writes TX
FIFO via APB. (RO)

UART_TX_RADDR This register stores the offset address in TX FIFO when TX FSM reads data via
Tx_FIFO_Citrl. (RO)
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8. UART Controller

Register 8.24: UART_MEM_RX_STATUS_REG (0x0064)
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UART_APB_RX_RADDR This register stores the offset address in RX_FIFO when software reads data
from RX FIFO via APB. (RO)

UART_RX_WADDR This register stores the offset address in RX FIFO when Rx_FIFO_Ctrl writes RX

FIFO. (RO)
Register 8.25: UART_FSM_STATUS_REG (0x0068)
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UART_ST_URX_OUT This is the status register of receiver. (RO)
UART_ST_UTX_OUT This is the status register of transmitter. (RO)
Register 8.26: UART_AT_CMD_PRECNT_REG (0x004C)
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UART_PRE_IDLE_NUM This register is used to configure the idle duration time before the first
AT_CMD is received by receiver. It will not take the next data received as AT_CMD character

when the duration is less than this register value. (R/W)
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8. UART Controller

Register 8.27: UART_AT_CMD_POSTCNT_REG (0x0050)
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UART_POST_IDLE_NUM This register is used to configure the duration time between the last
AT_CMD and the next data. It will not take the previous data as AT_CMD character when the
duration is less than this register value. (R/W)

Register 8.28: UART_AT_CMD_GAPTOUT_REG (0x0054)
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UART_RX_GAP_TOUT This register is used to configure the duration time between the AT_CMD
chars. It will not take the data as continuous AT_CMD chars when the duration time is less than
this register value. (R/W)

Register 8.29: UART_AT_CMD_CHAR_REG (0x0058)
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UART_AT_CMD_CHAR This register is used to configure the content of AT_CMD character. (R/W)

UART_CHAR_NUM This register is used to configure the number of continuous AT_CMD chars re-
ceived by receiver. (R/W)
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8. UART Controller

Register 8.30: UART_DATE_REG (0x0074)
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UART_DATE This is the version control register. (R/W)
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8. UART Controller

Register 8.31: UHCI_CONFO_REG (0x0000)

‘31 24|23|22|21|20|19|18|17|16|15|14|13|12|11|10|9|8|7|6|5|4|3|2|1|0‘

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

UHCI_OUT_RST Set this bit to reset out DMA FSM. (R/W)
UHCI_AHBM_FIFO_RST Set this bit to reset AHB interface cmdFIFO of DMA. (R/W)
UHCI_AHBM_RST Set this bit to reset AHB interface of DMA. (R/W)
UHCI_IN_LOOP_TEST Reserved. (R/W)

UHCI_OUT_LOOP_TEST Reserved. (R/W)

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

UHCI_OUT_NO_RESTART_CLR Reserved. (R/W)

UHCI_OUT_EOF_MODE This register is used to specify the generation mode of UHCI_OUT_EOF_INT
interrupt. 1: When DMA has popped all data from FIFO. 0: When AHB has pushed all data to FIFO.

(R/W)
UHCI_UARTO_CE Set this bit to link up HCl and UARTO. (R/W)
UHCI_UART1_CE Set this bit to link up HCl and UART1. (R/W)

UHCI_OUTDSCR_BURST_EN This register is used to specify DMA transmit descriptor transfer
mode. 1: burst mode. O: byte mode. (R/W)

UHCI_INDSCR_BURST_EN This register is used to specify DMA receive descriptor transfer mode.
1: burst mode. 0: byte mode. (R/W)

UHCI_OUT_DATA_BURST_EN This register is used to specify data transfer mode. 1: Transmit data
in burst mode. 0: Transmit data in byte mode. (R/W)

UHCI_MEM_TRANS_EN 1: UHCI transmitted data would be write back into DMA INFIFO. (R/W)
UHCI_SEPER_EN Set this bit to separate the data frame using a special char. (R/W)
UHCI_HEAD_EN Set this bit to encode the data packet with a formatting header. (R/W)
UHCI_CRC_REC_EN Set this bit to enable UHCI to receive the 16 bit CRC. (R/W)

UHCI_UART_IDLE_EOF_EN If this bit is set to 1, UHCI will end the payload receiving process when
UART has been in idle state. (R/W)

Continued on the next page...
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8. UART Controller

Register 8.31: UHCI_CONFO_REG (0x0000)

Continued from the previous page...

UHCI_LEN_EOF_EN If this bit is set to 1, UHCI decoder receiving payload data is end when the
receiving byte count has reached the specified value. The value is payload length indicated
by UCHI packet header when UHCI_HEAD_EN is 1 or the value is a configuration value when
UHCI_HEAD_EN is 0. If this bit is set to 0, UHCI decoder receiving payload data is end when OxcO
is received. (R/W)

UHCI_ENCODE_CRC_EN Set this bit to enable data integrity checking by appending a 16 bit CCITT-
CRC to the end of the payload. (R/W)

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

UHCI_UART_RX_BRK_EOF_EN if this bit is set to 1, UHCI will end payload_rec process when NULL
frame is received by UART. (R/W)
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8. UART Controller

Register 8.32: UHCI_CONF1_REG (0x002C)
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UHCI_CHECK_SUM_EN This is the enable bit to check header checksum when UHCI receives a
data packet. (R/W)

UHCI_CHECK_SEQ_EN This is the enable bit to check sequence number when UHCI receives a data
packet. (R/W)

UHCI_CRC_DISABLE Set this bit to support CRC calculation. Data Integrity Check Present bit in
UHCI packet frame should be 1. (R/W)

UHCI_SAVE_HEAD Set this bit to save the packet header when HCI receives a data packet. (R/W)

UHCI_TX_CHECK_SUM_RE Set this bit to encode the data packet with a checksum. (R/W)

UHCI_TX_ACK_NUM_RE Set this bit to encode the data packet with an acknowledgement when a
reliable packet is to be transmit. (R/W)

UHCI_CHECK_OWNER 1: Check the link list descriptor when link list owner is DMA controller; O:
Always check link list descriptor. (R/W)

UHCI_WAIT_SW_START The uhci-encoder will jump to ST_SW_WAIT status if this register is set to
1. (R/'W)

UHCI_SW_START If current UHCI_ENCODE_STATE is ST_SW_WAIT, the UHCI will start to send data
packet out when this bit is set to 1. (R/W)

UHCI_DMA_INFIFO_FULL_THRS This field is used to generate the
UHCI_DMA_INFIFO_FULL_WM_INT interrupt when the counter value of DMA RX FIFO ex-
ceeds the value of the register. (R/W)
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8. UART Controller

Register 8.33: UHCI_AHB_TEST_REG (0x0048)
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UHCI_AHB_TESTMODE Reserved. (R/W)

UHCI_AHB_TESTADDR Reserved. (R/W)

Register 8.34: UHCI_ESCAPE_CONF_REG (0x0064)
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UHCI_TX_CO0_ESC_EN Set this bit to enable decoding char 0xcO when DMA receives data. (R/W)
UHCI_TX_DB_ESC_EN Set this bit to enable decoding char Oxdb when DMA receives data. (R/W)

UHCI_TX_11_ESC_EN Set this bit to enable decoding flow control char Ox11 when DMA receives
data. (R/W)

UHCI_TX_13_ESC_EN Set this bit to enable decoding flow control char 0x13 when DMA receives
data. (R/W)

UHCI_RX_CO0_ESC_EN Set this bit to enable replacing OxcO by special char when DMA sends data.
R/W)

UHCI_RX_DB_ESC_EN Set this bit to enable replacing Oxdb by special char when DMA sends data.
R/W)

UHCI_RX_11_ESC_EN Set this bit to enable replacing flow control char 0x11 by special char when
DMA sends data. (R/W)

UHCI_RX_13_ESC_EN Set this bit to enable replacing flow control char 0x13 by special char when
DMA sends data. (R/W)
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8. UART Controller

Register 8.35: UHCI_HUNG_CONF_REG (0x0068)
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UHCI_TXFIFO_TIMEOUT This register stores the timeout value. It will produce the

UHCI_TX_HUNG_INT interrupt when DMA takes more time to receive data. (R/W)

UHCI_TXFIFO_TIMEOUT_SHIFT This register is used to configure the tick count maximum value.
RW)

UHCI_TXFIFO_TIMEOUT_ENA This is the enable bit for Tx-FIFO receive-data timeout. (R/W)

UHCI_RXFIFO_TIMEOUT This register stores the timeout value. It will produce the
UHCI_RX_HUNG_INT interrupt when DMA takes more time to read data from RAM. (R/W)

UHCI_RXFIFO_TIMEOUT_SHIFT This register is used to configure the tick count maximum value.

(R/W)
UHCI_RXFIFO_TIMEOUT_ENA This is the enable bit for DMA send-data timeout. (R/W)

Register 8.36: UHCI_QUICK_SENT_REG (0x0074)
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UHCI_SINGLE_SEND_NUM This register is used to specify the single_send register. (R/W)
UHCI_SINGLE_SEND_EN Set this bit to enable single_send mode to send short packet. (R/W)
UHCI_ALWAYS_SEND_NUM This register is used to specify the always_send register. (R/W)
UHCI_ALWAYS_SEND_EN Set this bit to enable always_send mode to send short packet. (R/W)
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8. UART Controller

Register 8.37: UHCI_REG_QO0_WORDO_REG (0x0078)

E ]

’ 0x000000 \ Reset

UHCI_SEND_QO_WORDO This register is used as a quick_sent register when specified by
UHCI_ALWAYS_SEND_NUM or UHCI_SINGLE_SEND_NUM. (R/W)

Register 8.38: UHCI_REG_Q0_WORD1_REG (0x007C)
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UHCI_SEND_QO_WORD1 This register is used as a quick_sent register when specified by
UHCI_ALWAYS_SEND_NUM or UHCI_SINGLE_SEND_NUM. (R/W)

Register 8.39: UHCI_REG_Q1_WORDO_REG (0x0080)
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UHCI_SEND_Q1_WORDO This register is used as a quick_sent register when specified by
UHCI_ALWAYS_SEND_NUM or UHCI_SINGLE_SEND_NUM. (R/W)
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8. UART Controller

Register 8.40: UHCI_REG_Q1_WORD1_REG (0x0084)

E ]

’ 0x000000 \ Reset

UHCI_SEND_Q1_WORD1 This register is used as a quick_sent register when specified by
UHCI_ALWAYS_SEND_NUM or UHCI_SINGLE_SEND_NUM. (R/W)

Register 8.41: UHCI_REG_Q2_WORDO_REG (0x0088)
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UHCI_SEND_Q2_WORDO This register is used as a quick_sent register when specified by
UHCI_ALWAYS_SEND_NUM or UHCI_SINGLE_SEND_NUM. (R/W)

Register 8.42: UHCI_REG_Q2_WORD1_REG (0x008C)
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’ 31 0 ‘
’ 0x000000 \ Reset

UHCI_SEND_Q2_WORD1 This register is used as a quick_sent register when specified by
UHCI_ALWAYS_SEND_NUM or UHCI_SINGLE_SEND_NUM. (R/W)
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8. UART Controller

Register 8.43: UHCI_REG_Q3_WORDO_REG (0x0090)

E ]

’ 0x000000 \ Reset

UHCI_SEND_Q3_WORDO This register is used as a quick_sent register when specified by
UHCI_ALWAYS_SEND_NUM or UHCI_SINGLE_SEND_NUM. (R/W)

Register 8.44: UHCI_REG_Q3_WORD1_REG (0x0094)
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UHCI_SEND_Q3_WORD1 This register is used as a quick_sent register when specified by
UHCI_ALWAYS_SEND_NUM or UHCI_SINGLE_SEND_NUM. (R/W)

Register 8.45: UHCI_REG_Q4_WORDO_REG (0x0098)

E ]

’ 0x000000 \ Reset

UHCI_SEND_Q4_WORDO This register is used as a quick_sent register when specified by
UHCI_ALWAYS_SEND_NUM or UHCI_SINGLE_SEND_NUM. (R/W)

Espressif Systems 218 ESP32-S2 TRM (Preliminary VO0.4)
Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=0.4

8. UART Controller

Register 8.46: UHCI_REG_Q4_WORD1_REG (0x009C)

E ]

’ 0x000000 \ Reset

UHCI_SEND_Q4_WORD1 This register is used as a quick_sent register when specified by
UHCI_ALWAYS_SEND_NUM or UHCI_SINGLE_SEND_NUM. (R/W)

Register 8.47: UHCI_REG_Q5_WORDO_REG (0x00A0)
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UHCI_SEND_Q5_WORDO This register is used as a quick_sent register when specified by
UHCI_ALWAYS_SEND_NUM or UHCI_SINGLE_SEND_NUM. (R/W)

Register 8.48: UHCI_REG_Q5_WORD1_REG (0x00A4)
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’ 0x000000 \ Reset

UHCI_SEND_Q5_WORD1 This register is used as a quick_sent register when specified by
UHCI_ALWAYS_SEND_NUM or UHCI_SINGLE_SEND_NUM. (R/W)
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8. UART Controller

Register 8.49: UHCI_REG_Q6_WORDO_REG (0x00AS8)
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‘ 0x000000 \ Reset

UHCI_SEND_Q6_WORDO This register is used as a quick_sent register when specified by
UHCI_ALWAYS_SEND_NUM or UHCI_SINGLE_SEND_NUM. (R/W)

Register 8.50: UHCI_REG_Q6_WORD1_REG (0x00AC)
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UHCI_SEND_Q6_WORD1 This register is used as a quick_sent register when specified by
UHCI_ALWAYS_SEND_NUM or UHCI_SINGLE_SEND_NUM. (R/W)

Register 8.51: UHCI_ESC_CONFO0_REG (0x00B0)
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UHCI_SEPER_CHAR This register is used to define the separate char that need to be encoded,
default is OxcO. (R/W)

UHCI_SEPER_ESC_CHARO This register is used to define the first char of slip escape sequence
when encoding the separate char, default is Oxdb. (R/W)

UHCI_SEPER_ESC_CHAR1 This register is used to define the second char of slip escape sequence
when encoding the separate char, default is Oxdc. (R/W)
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8. UART Controller

Register 8.52: UHCI_ESC_CONF1_REG (0x00B4)
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UHCI_ESC_SEQO This register is used to define a char that need to be encoded, default is Oxdb that
used as the first char of slip escape sequence. (R/W)

UHCI_ESC_SEQO_CHARO This register is used to define the first char of slip escape sequence when
encoding the UHCI_ESC_SEQQ, default is Oxdb. (R/W)

UHCI_ESC_SEQO_CHAR1 This register is used to define the second char of slip escape sequence
when encoding the UHCI_ESC_SEQO, default is Oxdd. (R/W)

Register 8.53: UHCI_ESC_CONF2_REG (0x00B8)
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UHCI_ESC_SEQ1 This register is used to define a char that need to be encoded, default is 0x11 that
used as flow control char. (R/W)

UHCI_ESC_SEQ1_CHARO This register is used to define the first char of slip escape sequence when
encoding the UHCI_ESC_SEQ1, default is Oxdb. (R/W)

UHCI_ESC_SEQ1_CHAR1 This register is used to define the second char of slip escape sequence
when encoding the UHCI_ESC_SEQ1, default is Oxde. (R/W)

Espressif Systems 221 ESP32-S2 TRM (Preliminary VO0.4)
Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=0.4

8. UART Controller

Register 8.54: UHCI_ESC_CONF3_REG (0x00BC)
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UHCI_ESC_SEQ2 This register is used to define a char that need to be decoded, default is Ox13 that
used as flow control char. (R/W)

UHCI_ESC_SEQ2_CHARO This register is used to define the first char of slip escape sequence when
encoding the UHCI_ESC_SEQ?2, default is Oxdb. (R/W)

UHCI_ESC_SEQ2_CHAR1 This register is used to define the second char of slip escape sequence
when encoding the UHCI_ESC_SEQ2, default is Oxdf. (R/W)

Register 8.55: UHCI_PKT_THRES_REG (0x00CO0)
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UHCI_PKT_THRS This register is used to configure the maximum value of the packet length when
UHCI_HEAD_EN is 0. (R/W)
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8. UART Controller

Register 8.56: UHCI_INT_RAW_REG (0x0004)
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UHCI_RX_START_INT_RAW This is the interrupt raw bit. Triggered when a separator char has been
sent. (RO)

UHCI_TX_START_INT_RAW This is the interrupt raw bit. Triggered when DMA detects a separator
char. (RO)

UHCI_RX_HUNG_INT_RAW This is the interrupt raw bit. Triggered when DMA takes more time to
receive data than the configure value. (RO)

UHCI_TX_HUNG_INT_RAW This is the interrupt raw bit. Triggered when DMA takes more time to
read data from RAM than the configured value. (RO)

UHCI_IN_DONE_INT_RAW This is the interrupt raw bit. Triggered when an receive descriptor is
completed. (RO)

UHCI_IN_SUC_EOF_INT_RAW This is the interrupt raw bit. Triggered when a data packet has been
received successfully. (RO)

UHCI_IN_ERR_EOF_INT_RAW This is the interrupt raw bit. Triggered when there are some errors in
EOF in the receive descriptor. (RO)

UHCI_OUT_DONE_INT_RAW This is the interrupt raw bit. Triggered when an transmit descriptor is
completed. (RO)

UHCI_OUT_EOF_INT_RAW This is the interrupt raw bit. Triggered when the current descriptor’s EOF
bitis 1. (RO)

UHCI_IN_DSCR_ERR_INT_RAW This is the interrupt raw bit. Triggered when there are some errors
in the receive descriptor. (RO)

UHCI_OUT_DSCR_ERR_INT_RAW This is the interrupt raw bit. Triggered when there are some er-
rors in the transmit descriptor. (RO)

UHCI_IN_DSCR_EMPTY_INT_RAW This is the interrupt raw bit. Triggered when there are not
enough inlinks for DMA. (RO)

UHCI_OUTLINK_EOF_ERR_INT_RAW This is the interrupt raw bit. Triggered when there are some
errors in EOF in the transmit descriptor. (RO)

UHCI_OUT_TOTAL_EOF_INT_RAW This is the interrupt raw bit. Triggered when all data in the last
buffer address has been sent out. (RO)

Continued on the next page...
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8. UART Controller

Register 8.56: UHCI_INT_RAW_REG (0x0004)

Continued from the previous page...

UHCI_SEND_S_REG_Q_INT_RAW This is the interrupt raw bit. Triggered when DMA has sent out a
short packet using single_send registers. (RO)

UHCI_SEND_A_REG_Q_INT_RAW This is the interrupt raw bit. Triggered when DMA has sent out a
short packet using always_send registers. (RO)

UHCI_DMA_INFIFO_FULL_WM_INT_RAW This is the interrupt raw bit. Triggered when the DMA
INFIFO count has reached the configured threshold value. (RO)
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8. UART Controller

Register 8.57: UHCI_INT_ST_REG (0x0008)
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UHCI_RX_START_INT_ST This is the masked interrupt bit for UHCI_RX_START_INT interrupt when
UHCI_RX_START_INT_ENA is set to 1. (RO)

UHCI_TX_START_INT_ST This is the masked interrupt bit for UHCI_TX_START_INT interrupt when
UHCI_TX_START_INT_ENA is set to 1. (RO)

UHCI_RX_HUNG_INT_ST This is the masked interrupt bit for UHCI_RX_HUNG_INT interrupt when
UHCI_RX_HUNG_INT_ENA is set to 1. (RO)

UHCI_TX_HUNG_INT_ST This is the masked interrupt bit for UHCI_TX_HUNG_INT interrupt when
UHCI_TX_HUNG_INT_ENA is set to 1. (RO)

UHCI_IN_DONE_INT_ST This is the masked interrupt bit for UHCI_IN_DONE_INT interrupt when
UHCI_IN_DONE_INT_ENA is set to 1. (RO)

UHCI_IN_SUC_EOF_INT_ST This is the masked interrupt bit for UHCI_IN_SUC_EOF_INT interrupt
when UHCI_IN_SUC_EOF_INT_ENAis set to 1. (RO)

UHCI_IN_ERR_EOF_INT_ST This is the masked interrupt bit for UHCI_IN_ERR_EOF_INT interrupt
when UHCI_IN_ERR_EOF_INT_ENA is set to 1. (RO)

UHCI_OUT_DONE_INT_ST Thisisthe masked interrupt bit for UHCI_OUT_DONE_INT interrupt when
UHCI_OUT_DONE_INT_ENA is set to 1. (RO)

UHCI_OUT_EOF_INT_ST This is the masked interrupt bit for UHCI_OUT_EOF_INT interrupt when
UHCI_OUT_EOF_INT_ENA is set to 1. (RO)

UHCI_IN_DSCR_ERR_INT_ST This is the masked interrupt bit for UHCI_IN_DSCR_ERR_INT inter-
rupt when UHCI_IN_DSCR_ERR_INT is set to 1. (RO)

UHCI_OUT_DSCR_ERR_INT_ST This is the masked interrupt bit for UHCI_OUT_DSCR_ERR_INT
interrupt when UHCI_OUT_DSCR_ERR_INT_ENA is set to 1. (RO)

UHCI_IN_DSCR_EMPTY_INT_ST This is the masked interrupt bit for UHCI_IN_DSCR_EMPTY_INT
interrupt when UHCI_IN_DSCR_EMPTY_INT_ENAis set to 1. (RO)

UHCI_OUTLINK_EOF_ERR_INT_ST This is the masked interrupt bit for
UHCI_OUTLINK_EOF_ERR_INT interrupt when UHCI_OUTLINK_EOF_ERR_INT_ENA is set
to 1. (RO)

UHCI_OUT_TOTAL_EOF_INT_ST This is the masked interrupt bit for UHCI_OUT_TOTAL_EOF_INT
interrupt when UHCI_OUT_TOTAL_EOF_INT_ENA is set to 1. (RO)
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8. UART Controller

Register 8.57: UHCI_INT_ST_REG (0x0008)

Continued from the previous page...

UHCI_SEND_S_REG_Q_INT_ST This is the masked interrupt bit for UHCI_SEND_S_REG_Q_INT in-
terrupt when UHCI_SEND_S_REG_Q_INT_ENA is set to 1. (RO)

UHCI_SEND_A_REG_Q_INT_ST This is the masked interrupt bit for UHCI_SEND_A_REG_Q_INT in-
terrupt when UHCI_SEND_A_REG_Q_INT_ENA is set to 1. (RO)

UHCI_DMA_INFIFO_FULL_WML_INT_ST This is the masked interrupt bit for
UHCI_DMA_INFIFO_FULL_WM_INT INTERRUPT when UHCI_DMA_INFIFO_FULL_WM_INT_ENA
is setto 1. (RO)
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8. UART Controller

Register 8.58: UHCI_INT_ENA_REG (0x000C)
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UHCI_RX_START_INT_ENA This is the interrupt enable bit for UHCI_RX_START_INT interrupt. (R/W)

UHCI_TX_START_INT_ENA This is the interrupt enable bit for UHCI_TX_START_INT interrupt. (R/W)

UHCI_RX_HUNG_INT_ENA This is the interrupt enable bit for UHCI_RX_HUNG_INT interrupt. (R/W)

UHCI_TX_HUNG_INT_ENA This is the interrupt enable bit for UHCI_TX_HUNG_INT interrupt. (R/W)
UHCI_IN_DONE_INT_ENA This is the interrupt enable bit for UHCI_IN_DONE_INT interrupt. (R/W)

UHCI_IN_SUC_EOF_INT_ENA This is the interrupt enable bit for UHCI_IN_SUC_EOF_INT interrupt.
(R/W)

UHCI_IN_ERR_EOF_INT_ENA This is the interrupt enable bit for UHCI_IN_ERR_EOF_INT interrupt.
(R/W)

UHCI_OUT_DONE_INT_ENA This is the interrupt enable bit for UHCI_OUT_DONE_INT interrupt.
(R/W)

UHCI_OUT_EOF_INT_ENA This is the interrupt enable bit for UHCI_OUT_EOF_INT interrupt. (R/W)

UHCI_IN_DSCR_ERR_INT_ENA This is the interrupt enable bit for UHCI_IN_DSCR_ERR_INT inter-
rupt. (R/W)

UHCI_OUT_DSCR_ERR_INT_ENA This is the interrupt enable bit for UHCI_OUT_DSCR_ERR_INT
interrupt. (R/W)

UHCI_IN_DSCR_EMPTY_INT_ENA This is the interrupt enable bit for UHCI_IN_DSCR_EMPTY_INT
interrupt. (R/W)

UHCI_OUTLINK_EOF_ERR_INT_ENA This is the interrupt enable bit for
UHCI_OUTLINK_EOF_ERR_INT interrupt. (R/W)

UHCI_OUT_TOTAL_EOF_INT_ENA This is the interrupt enable bit for UHCI_OUT_TOTAL_EOF_INT
interrupt. (R/W)

UHCI_SEND_S_REG_Q_INT_ENA This is the interrupt enable bit for UHCI_SEND_S_REG_Q_INT
interrupt. (R/W)

Continued on the next page...
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8. UART Controller

Register 8.58: UHCI_INT_ENA_REG (0x000C)

Continued from the previous page...

UHCI_SEND_A_REG_Q_INT_ENA This is the interrupt enable bit for UHCI_SEND_A_REG_Q_INT
interrupt. (R/W)

UHCI_DMA_INFIFO_FULL_WM_INT_ENA This is the interrupt enable bit for
UHCI_DMA_INFIFO_FULL_WM_INT interrupt. (R/W)
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Register 8.59: UHCI_INT_CLR_REG (0x0010)

‘31 17|16|15|14|13|12|11

[ofo el fe]s]e]s]2] ]0]
\o 0O 00000 O0O0GOGO0TU OO OO o|o|o|o|0|0|0|0|o|o|0|0|0|0|0|0|0|0\Reset

UHCI_RX_START_INT_CLR Set this bit to clear UHCI_RX_START_INT interrupt. (WO)
UHCI_TX_START_INT_CLR Set this bit to clear UHCI_TX_START_INT interrupt. (WO)
UHCI_RX_HUNG_INT_CLR Set this bit to clear UHCI_RX_HUNG_INT interrupt. (WO)
UHCI_TX_HUNG_INT_CLR Set this bit to clear UHCI_TX_HUNG_INT interrupt. (WO)
UHCI_IN_DONE_INT_CLR Set this bit to clear UHCI_IN_DONE_INT interrupt. (WO)
UHCI_IN_SUC_EOF_INT_CLR Set this bit to clear UHCI_IN_SUC_EOF_INT interrupt. (WO)
UHCI_IN_ERR_EOF_INT_CLR Set this bit to clear UHCI_IN_ERR_EOF_INT interrupt. (WO)
UHCI_OUT_DONE_INT_CLR Set this bit to clear UHCI_OUT_DONE_INT interrupt. (WO)
UHCI_OUT_EOF_INT_CLR Set this bit to clear UHCI_OUT_EOF_INT interrupt. (WO)
UHCI_IN_DSCR_ERR_INT_CLR Set this bit to clear UHCI_IN_DSCR_ERR_INT interrupt. (WO)

UHCI_OUT_DSCR_ERR_INT_CLR Set this bit to clear UHCI_OUT_DSCR_ERR_INT interrupt. (WO)

UHCI_IN_DSCR_EMPTY_INT_CLR Set this bit to clear UHCI_IN_DSCR_EMPTY_INT interrupt. (WO)

UHCI_OUTLINK_EOF_ERR_INT_CLR Set this bit to clear UHCI_OUTLINK_EOF_ERR_INT interrupt.

(WO)

UHCI_OUT_TOTAL_EOF_INT_CLR Set this bit to clear UHCI_OUT_TOTAL_EOF_INT interrupt. (WO)

UHCI_SEND_S_REG_Q_INT_CLR Set this bit to clear UHCI_SEND_S_UHCI_Q_INT interrupt. (WO)

UHCI_SEND_A_REG_Q_INT_CLR Set this bit to clear UHCI_SEND_A_UHCI_Q_INT interrupt. (WO)

UHCI_DMA_INFIFO_FULL_WM_INT_CLR Set this bit to clear UHCI_DMA_INFIFO_FULL_WM_INT
interrupt. (WO)
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8. UART Controller

Register 8.60: UHCI_DMA_OUT_STATUS_REG (0x0014)

A
NN
5 S5
@‘ab o O
22 L
N XS
B 1] ]
\oooooooooooooooooooooooooooooo|1|o\Reset
UHCI_OUT_FULL 1: DMA data-output FIFO is full. (RO)
UHCI_OUT_EMPTY 1: DMA data-output FIFO is empty. (RO)
Register 8.61: UHCI_DMA_IN_STATUS_REG (0x001C)
&
N
$ N
Q)G\ Al Q)& \Q/\Q/
G N/ G N/ A\
g 2 OO0
& X E Y
\ooooooooooooooooooooooooo 0x0 |0 o1o\Reset
UHCI_IN_FULL Data-input FIFO full signal. (RO)
UHCI_IN_EMPTY Data-input FIFO empty signal. (RO)
UHCI_RX_ERR_CAUSE This register indicates the error type when DMA has received a packet with
error. 3’'b001: Checksum error in HCI packet; 3'b010: Sequence number error in HCI packet;
3’b011: CRC bit error in HCI packet; 3’b100: 0xcO is found but received HCI packet is not end;
3’b101: 0xcO is not found when receiving HCI packet is end; 3'b110: CRC check error. (RO)
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8. UART Controller

Register 8.62: UHCI_STATEO_REG (0x0030)

@) Q&
N Q
D QO
/\é((/ & & &
Q,? Qé <& Q\? Q%
Q > Q 3 >
on L & F s
S K 5§ s s s
<'o® \2\0 /s \2\0\/ \2\0\/ \2\0\/ C)\/
N N N N N N
‘ 31 | 30 28 | 27 23 | 22 20 | 19 18 | 17 0‘
\ 0 0 0 0 0 0 \Reset

UHCI_INLINK_DSCR_ADDR This register stores the current receive descriptor’s address. (RO)
UHCI_IN_DSCR_STATE reserved (RO)
UHCI_IN_STATE reserved (RO)

UHCIL_INFIFO_CNT_DEBUG This register stores the byte number of the data in the receive descrip-
tor’s FIFO. (RO)

UHCI_DECODE_STATE UHCI decoder status. (RO)

Register 8.63: UHCI_DMA_OUT_EOF_DES_ADDR_REG (0x0038)

Q\
VQQ
OQ’%/
&7
%O
&
S
‘ 31 0 ‘
‘ 0x000000 \ Reset

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

Register 8.64: UHCI_DMA _IN_SUC_EOF_DES_ADDR_REG (0x003C)

Q\
?90
Q/% /
%
@)
oC)(’O
o)
\e/
C)\/
X
‘ 31 0 ‘
‘ 0x000000 \ Reset

UHCI_IN_SUC_EOF_DES_ADDR This register stores the address of the receive descriptor when
received successful EOF. (RO)
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8. UART Controller

Register 8.65: UHCI_DMA_IN_ERR_EOF_DES_ADDR_REG (0x0040)

Q\
§<>
((/%/
Q
O<< /
<&
Q\/
&
\%/
O\/
X
’ 31 0 ‘
’ 0x000000 \ Reset

UHCI_IN_ERR_EOF_DES_ADDR This register stores the address of the receive descriptor when
there are some errors in this descriptor. (RO)

Register 8.66: UHCI_DMA_OUT_EOF_BFR_DES_ADDR_REG (0x0044)

Q\
?\QQ
% /
~
&
O<< /
<
6\ 7
N3
&
] 3 0 \
] 0x000000 ‘ Reset

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

Register 8.67: UHCI_DMA_IN_DSCR_REG (0x004C)

’ 0 ‘ Reset

UHCI_INLINK_DSCR This register stores the third word of the next receive descriptor. (RO)
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8. UART Controller

Register 8.68: UHCI_DMA_IN_DSCR_BFO0_REG (0x0050)

E ]

’ 0 ‘ Reset

UHCI_INLINK_DSCR_BFO0 This register stores the third word of the current receive descriptor. (RO)

Register 8.69: UHCI_DMA_IN_DSCR_BF1_REG (0x0054)

E ]

’ 0 ‘ Reset

UHCI_INLINK_DSCR_BF1 This register stores the second word of the current receive descriptor.
(RO)

Register 8.70: UHCI_DMA_OUT_DSCR_REG (0x0058)

E ]

’ 0 ‘ Reset

UHCI_OUTLINK_DSCR This register stores the third word of the next transmit descriptor. (RO)
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Register 8.71: UHCI_DMA_OUT_DSCR_BF0_REG (0x005C)

E ]

’ 0 ‘ Reset

UHCI_OUTLINK_DSCR_BFO0 This register stores the third word of the current transmit descriptor.
(RO)

Register 8.72: UHCI_DMA_OUT_DSCR_BF1_REG (0x0060)

E ]

’ 0 ‘ Reset

UHCI_OUTLINK_DSCR_BF1 This register stores the second word of the current transmit descriptor.
(RO)

Register 8.73: UHCI_RX_HEAD_REG (0x0070)

&
Q:\‘ ’

O

N

’ 0x000000 \ Reset

UHCI_RX_HEAD This register stores the header of the current received packet. (RO)

Espressif Systems 234 ESP32-S2 TRM (Preliminary VO0.4)

Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=0.4

8. UART Controller

Register 8.74: UHCI_DMA_OUT_PUSH_REG (0x0018)

> <
o~ &
L7 &L’
<<\ <<\
S N S &S
& o & o
& NS & NS
N N N N
‘31 17|16|l5 9|8 0‘
\o 0O 000 00O O0O0OU OGO OTU OO 0O o|o|o 0 0 0 0 0 o| 0x0 \Reset

UHCI_OUTFIFO_WDATA This is the data that need to be pushed into data-output FIFO. (R/W)

UHCI_OUTFIFO_PUSH Set this bit to push data into the data-output FIFO. (R/W)

Register 8.75: UHCI_DMA_IN_POP_REG (0x0020)

o} <>€\v
o7 ol
S & o &
& Q\> & Q\>
\@o" \)‘2‘ \@@ 0‘2\
‘31 17| 16 | 15 12 |11 0‘
\oooooooooooooooooooo 0x0 \Reset
UHCI_INFIFO_RDATA This register stores the data popping from data-input FIFO. (RO)
UHCI_INFIFO_POP Set this bit to pop data from data-input FIFO. (R/W)
Register 8.76: UHCI_DMA_OUT_LINK_REG (0x0024)
A
Q\
NaZAS
éﬁ;&é\g«%(g s
?\
«v\ié@i&i& ’ &V\é\u
0305 & oS
7/ 7/ 7/ / (%) 7/
SESESESS & 8
\oooooooooooo 0x000 \Reset

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

UHCI_OUTLINK_STOP Set this bit to stop dealing with the transmit descriptor. (R/W)
UHCI_OUTLINK_START Set this bit to start a new transmit descriptor. (R/W)

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

UHCI_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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8. UART Controller

Register 8.77: UHCI_DMA_IN_LINK_REG (0x0028)

& 2
AR o’ 5
R S o
S & Sl
NGO O N ) )
SO S N N\
Q\/Q\/Q\/Q\/ @Q‘A O\/ O\/
RIS & X S
‘31 30 29 28 | 27 21| 20 |19 0‘
‘O 0j]o0olofo0 o0 0 0O O O oOoft1 0x000 ‘Reset

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

UHCI_INLINK_AUTO_RET This is the enable bit to return to current receive descriptor’s address,
when there are some errors in current packet. (R/W)

UHCI_INLINK_STOP Set this bit to stop dealing with the receive descriptors. (R/W)
UHCI_INLINK_START Set this bit to start dealing with the receive descriptors. (R/W)
UHCI_INLINK_RESTART Set this bit to restart new receive descriptors. (R/W)

UHCI_INLINK_PARK 1: the receive descriptor's FSM is in idle state. O: the receive descriptor’'s FSM

is working. (RO)
Register 8.78: UHCI_STATE1_REG (0x0034)
Q\
Q
& ¥
A & & o8 ¥
N O s %O %
> & & & ~
& s > > o >
\/ \ / \/ \/ \/
& X SR S
‘31|3O 28 | 27 23|22 20|19 18|17 0‘
\ 0 | 0 0 | 0 0 | 0 \Reset

UHCI_OUTLINK_DSCR_ADDR This register stores the current transmit descriptor’s address. (RO)
UHCI_OUT_DSCR_STATE reserved (RO)
UHCI_OUT_STATE reserved (RO)

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

UHCI_ENCODE_STATE UHCI encoder status. (RO)
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8. UART Controller

Register 8.79: UHCI_DATE_REG (0x00FC)

\/
&

‘ 0x18073001 \ Reset

UHCI_DATE This is the version control register. (R/W)
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9. LED PWM Controller

9. LED PWM Controller

9.1 Overview
The LED PWM controller is primarily designed to control LED devices, as well as generate PWM signals. It has
14-bit timers and waveform generators.

9.2 Features
The LED PWM controller has the following features:

e Four independent timers that support division by fractions

¢ Eight independent waveform generators able to produce eight PWM signals

Fading duty cycle of PWM signals without interference from any processors. An interrupt can be generated
after the fade has completed

Adjustable phase of PWM signal output

PWM signal output in low-power mode

For the convenience of description, in the following sections the eight waveform generators are collectively
referred to as PWMn, and the four timers are collectively referred to as Timerx.

9.3 Functional Description

9.3.1 Architecture
Figure 9-1 shows the architecture of the LED PWM controller. Figure 9-2 illustrates a PWM generator with its
selected timer and a counter.

LED_PWM

. PWMO

Timer0 P
—» PWM1

—» PWM2

Timer1 P
—» PWM3

Mux

— P PWM4
Timer2 ——»

—®» PWM5

Timer3 P PWMé

— » PWM7

Figure 9-1. LED_PWM Architecture
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9. LED PWM Controller

i Timerx LEDC_IDLE_LV_CHn

! LEDC_APB_CLK_SEL[1:0] | | “or

LEDC_CLK_DIV_TIMERx sig_outn

{ LEDC_DUTY_CHn

! APB_TICK 1“7 LEDG_PWM_CLK LEDC_TIMERx_PAUSE 3 | LEDG_HPOINT GHn %17 >

| 8M_CLK | 3 ¢

: »2 - 1

i XTAL_CL 3 Divider Counter | | Timerx_cnt; High/Low_level

§ LEDC_CLKx | (18 bits) (14 bits) . § comparator LEDC_SIG_OUT_EN_CHn
| REF_CLK ) ref_pulsex T i | A

: ! LEDC_DUTY_START_GHn
LEDC_TICK_SEL_TIMERx LEDG_TIMERx_RST | i LEDC_DUTY_INC_CHn
3 LEDC_TIMERx_DUTY_RES | ;  LEDC_DUTY_NUM_CHn
e LEDC_TIMERx SDUIYRES ‘ ! LEDC_DUTY_CYCLE_CHn
! LEDC_DUTY_SCALE_CHn

Figure 9-2. LED_PWM generator Diagram

Divider
input clock H—/ H—/
Aclock pulses  --. Aclock pulses A+l clock pulses ~ Aclock pulses ... Aclock pulses A+1 clock pulses Aclock pulses A+1 clock pulses

B ( A+1 ) counts

[ L]l

256 output clocks

Divider

output clock

— 1
—
—

Figure 9-3. LED_PWM Divider

9.3.2 Timers

The clock of the LED PWM controller, LEDC_PWM_CLK, has three clock sources: APB_CLK, RTC8M_CLK and
XTAL_CLK, selected by configuring LEDC_APB_CLK_SEL[1:0]. The clock of each LED PWM timer, LEDC_CLKX,
has two clock sources: LEDC_PWM_CLK or REF_TICK. When REF_TICK is used as the clock source of a timer,
LEDC_APB_CLK_SEL[1:0] should be set 1 and the cycle of REF_TICK should be an integral multiple of
APB_CLK cycles. Otherwise this clock will be not accurate. For more information on the clock sources, please
see Chapter Reset and Clock.

The output clock derived from LEDC_CLKXx is used as the base clock for the counter. The divider’s divisor is
configured by LEDC_CLK_DIV_TIMERKX. It is a fixed-point number: the highest 10 bits is the integer part
represented as A, while the lowest eight bits is the fractional part represented as B. This divisor LEDC_CLK_DIVx
is calculated as:

LEDC_CLK_DIVx= A+ £

When the fractional part B is not O, the input and output clock of the divider is shown as in figure 9-3. Among the
256 output clocks, B of them are divided by (A+1), whereas the remaining (256-B) are divided by A. Output
clocks divided by (A+1) are evenly distributed in the total 256 output clocks.

The LED PWM controller has a 14-bit counter that counts up to 2-FPC-TIMERCDUTY _RES _ 1 " |f the counting
value reaches 2LFPPCTIMERCDUTY _RES _ 1 the counter will overflow and restart counting from 0. The
counting value can be reset, suspended or read by software. A LEDC_TIMERx_OVF_INT interrupt can be
generated every time when the counter overflows or when it overflows for (LEDC_OVF_NUM_CHn + 1) times.
The interrupt configuration is as follows:

1. Set LEDC_OVF_CNT_EN_CHn
2. Configure LEDC_OVF_NUM_CHn with the times of overflow minus 1
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9. LED PWM Controller

3. Set LEDC_OVF_CNT_CHn_INT_ENA
4. Set LEDC_TIMERx_DUTY_RES to enable the timer and wait for a LEDC_OVF_CNT_CHn_INT interrupt

The frequency of a PWM generator output signal, sig_outn, depends on both the divisor of the divider, as well as
the range of the counter:

. - f LEDC_CLKx
fS'gJ)Ut” - LEDC_CLK DIV - 9LEDC_TIMERx_DUTY_RES

To change the divisor and times of overflow, you should configure LEDC_CLK_DIV_TIMERx and
LEDC_TIMERx_DUTY_RES respectively, and then set LEDC_TIMERx_PARA_UP; otherwise this change is not
valid. The newly configured value is updated upon next overflow of the counter.

9.3.3 PWM Generators

As shown in figure 9-2, each PWM generator has a high/low level comparator and two selectors. A PWM
generator takes the 14-bit counting value of the selected timer, compares it to values of the comparator Hpointn
and Lpointn, and therefore control the level of PWM signals.

e |f Timerx_cnt == Hpointn, sig_outn is 1.
e |f Timerx_cnt == Lpointn, sig_outn is O.

Hpointn is updated by LEDC_HPOINT_CHn when the counter overflows. The initial value of Lpointn is the sum of
LEDC_DUTY_CHn[18..4] and LEDC_HPOINT_CHn when the counter overflows. By configuring these two fields,
the relative phase and the duty cycle of the PWM output can be set.

Figure 9-4 illustrates PWM’s waveform when the duty cycle is fixed.

timer_cnt[13:0]
overflow [======7 T oA g

Ipoint [ 77T AT T

hpoint[-----—> 7 T St R
0

sig_out

Figure 9-4. LED_PWM Output Signal Diagram

~y

LEDC_DUTY_CHn is a fixed-point register with four fractional bits. LEDC_DUTY_CHn[18..4] is the integral part
used directly for PWM calculation. LEDC_DUTY_CHn[3..0] is the fractional part used to dither the output. If
LEDC_DUTY_CHn[3..0] is non-zero, then among every 16 cycles of sig_outn, LEDC_DUTY_CHn[3..0] have PWM
pulses with width one timer cycle longer than that of (16-LEDC_DUTY_CHn[3..0]). This feature effectively
increases the resolution of the PWM generator to 18 bits.

9.3.4 Duty Cycle Fading

The PWM generators is able to fade the duty cycle, that is to gradually change the duty cycle from one value to
another. This is achieved by configuring LEDC_DUTY_CHn, LEDC_DUTY_START_CHn, LEDC_DUTY_INC_CHn,
LEDC_DUTY_NUM_CHn and LEDC_DUTY_SCALE_CHn.

LEDC_DUTY_START_CHn is used to update the value of Lpointn. When this bit is set and the counter overflows,
Lpointn increments or decrements automatically, depending on whether the bit LEDC_DUTY_INC_CHn is set or
cleared.
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9. LED PWM Controller

The duty cycle of sig_outn changes every LEDC_DUTY_CYCLE_CHn PWM pulse cycles by adding or
subtracting the value of LEDC_DUTY_SCALE_CHn.

Figure 9-5 is a diagram of fading duty cycle. Upon reaching LEDC_DUTY_NUM_CHn, the fade stops and

a

LEDC_DUTY_CHNG_END_CHn_INT interrupt is generated. When configured like this, the duty cycle of sig_outn
increases by LEDC_DUTY_SCALE_CHn every LEDC_DUTY_CYCLE_CHn PWM pulse cycles.

timer_cnt[13:0]

Lo P e .

Ipoint.
hpoinf
0

sig_out J_a‘ H b b : ¢ c —
-l gl -y
| V“ V‘
cycle_cnt: 1 2 .. LEDC_DUTY_CYCLE_ CHn 1 2 .. LEDC_DUTY_CYCLE CHn 1 2
num_cnt:1 2 3 ... LEDC_DUTY_NUM_CHn

Figure 9-5. Output Signal Diagram of Fading Duty Cycle

LEDC_SIG_OUT_EN_CHn used to enable PWM waveform output. When LEDC_SIG_OUT_EN_CHn is 0, the
level of sig_outn is constant as specified in LEDC_IDLE_LV_CHn.

If LEDC_HPOINT_CHn, LEDC_DUTY_START_CHn, LEDC_SIG_OUT_EN_CHn, LEDC_TIMER_SEL_CHn,
LEDC_DUTY_NUM_CHn, LEDC_DUTY_CYCLE_CHn, LEDC_DUTY_SCALE_CHn, LEDC_DUTY_INC_CHn
and

LEDC_OVF_CNT_EN_CHn are reconfigured, LEDC_PARA_UP_CHn should be set to apply the new
configuration.

9.3.5 Interrupts
e | EDC_OVF_CNT_CHn_INT: Triggered when the timer counter overflows for (LEDC_OVF_NUM_CHn + 1)
times and register LEDC_OVF_CNT_EN_CHn is set to 1.

e | EDC_DUTY_CHNG_END_CHn_INT: Triggered when a fade on a LED PWM generator has finished.

o | EDC_TIMERx_OVF_INT: Triggered when a LED PWM timer has reached its maximum counter value.

9.4 Base Address

Users can access the LED PWM 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 1 System and

Memory.
Table 40: LED_PWM Base Address
Bus to Access Peripheral Base Address
PeriBUST 0x3F419000
PeriBUS2 0x60019000
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9.5 Register Summary

The addresses in the following table are relative to the LED PWM controller base addresses provided in Section

9.4.
Name ‘ Description Address | Access
Configuration Register
LEDC_CHO_CONFO_REG Configuration register O for channel 0 0x0000 | varies
LEDC_CHO_CONF1_REG Configuration register 1 for channel O 0x000C | R/W
LEDC_CH1_CONFO_REG Configuration register O for channel 1 0x0014 | varies
LEDC_CH1_CONF1_REG Configuration register 1 for channel 1 0x0020 | R/W
LEDC_CH2_CONFO_REG Configuration register O for channel 2 0x0028 | varies
LEDC_CH2_CONF1_REG Configuration register 1 for channel 2 0x0034 | R/W
LEDC_CHS_CONFO_REG Configuration register 0 for channel 3 0x003C | varies
LEDC_CH3_CONF1_REG Configuration register 1 for channel 3 0x0048 | R/W
LEDC_CH4_CONFO_REG Configuration register O for channel 4 0x0050 | varies
LEDC_CH4_CONF1_REG Configuration register 1 for channel 4 0x005C | R/W
LEDC_CH5_CONFO_REG Configuration register 0 for channel 5 0x0064 | varies
LEDC_CH5_CONF1_REG Configuration register 1 for channel 5 0x0070 | R/W
LEDC_CH6_CONFO_REG Configuration register 0 for channel 6 0x0078 | varies
LEDC_CH6_CONF1_REG Configuration register 1 for channel 6 0x0084 | R/W
LEDC_CH7_CONFO_REG Configuration register O for channel 7 0x008C | varies
LEDC_CH7_CONF1_REG Configuration register 1 for channel 7 0x0098 | R/W
LEDC_CONF_REG Global ledc configuration register 0x00D0 | R/W
Hpoint Register
LEDC_CHO_HPOINT_REG High point register for channel 0 0x0004 | R/W
LEDC_CH1_HPOINT_REG High point register for channel 1 0x0018 | R/W
LEDC_CH2_HPOINT_REG High point register for channel 2 0x002C | R/W
LEDC_CHS_HPOINT_REG High point register for channel 3 0x0040 | R/W
LEDC_CH4_HPOINT_REG High point register for channel 4 0x0054 | R/W
LEDC_CH5_HPOINT_REG High point register for channel 5 0x0068 | R/W
LEDC_CH6_HPOINT_REG High point register for channel 6 0x007C | R/W
LEDC_CH7_HPOINT_REG High point register for channel 7 0x0090 | R/W
Duty Cycle Register
LEDC_CHO_DUTY_REG Initial duty cycle for channel O 0x0008 | R/W
LEDC_CHO_DUTY_R_REG Current duty cycle for channel 0 0x0010 | RO
LEDC_CH1_DUTY_REG Initial duty cycle for channel 1 0x001C | R/W
LEDC_CH1_DUTY_R_REG Current duty cycle for channel 1 0x0024 | RO
LEDC_CH2_DUTY_REG Initial duty cycle for channel 2 0x0030 | R/'W
LEDC_CH2_DUTY_R_REG Current duty cycle for channel 2 0x0038 | RO
LEDC_CH3_DUTY_REG Initial duty cycle for channel 3 0x0044 | R/W
LEDC_CH3_DUTY_R_REG Current duty cycle for channel 3 0x004C | RO
LEDC_CH4_DUTY_REG Initial duty cycle for channel 4 0x0058 | R/W
LEDC_CH4_DUTY_R_REG Current duty cycle for channel 4 0x0060 | RO
LEDC_CH5_DUTY_REG Initial duty cycle for channel 5 0x006C | R/W
LEDC_CH5_DUTY_R_REG Current duty cycle for channel 5 0x0074 | RO
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Name Description Address | Access
LEDC_CH6_DUTY_REG Initial duty cycle for channel 6 0x0080 | R/W
LEDC_CH6_DUTY_R_REG Current duty cycle for channel 6 0x0088 | RO
LEDC_CH7_DUTY_REG Initial duty cycle for channel 7 0x0094 | R/W
LEDC_CH7_DUTY_R_REG Current duty cycle for channel 7 0x009C | RO
Timer Register

LEDC_TIMERO_CONF_REG Timer O configuration OxO00AQ | varies
LEDC_TIMERO_VALUE_REG Timer O current counter value 0x00A4 | RO
LEDC_TIMER1_CONF_REG Timer 1 configuration Ox00A8 | varies
LEDC_TIMER1_VALUE_REG Timer 1 current counter value Ox00AC | RO
LEDC_TIMER2_CONF_REG Timer 2 configuration 0x00BO | varies
LEDC_TIMER2_VALUE_REG Timer 2 current counter value 0x00B4 | RO
LEDC_TIMER3_CONF_REG Timer 3 configuration 0x00B8 | varies
LEDC_TIMER3_VALUE_REG Timer 3 current counter value 0x00BC | RO
Interrupt Register

LEDC_INT_RAW_REG Raw interrupt status 0x00CO | RO
LEDC_INT_ST_REG Masked interrupt status 0x00C4 | RO
LEDC_INT_ENA_REG Interrupt enable bits 0x00C8 | R/W
LEDC_INT_CLR_REG Interrupt clear bits 0x00CC | WO
Version Register

LEDC_DATE_REG Version control register Ox00FC | R/W
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9.6 Registers
Register 9.1: LEDC_CHn_CONFO0_REG (n: 0-7) (0x0000+20%n)
\2\0
£
7 /\2@ \2@
@é@ééf R R R
QIR O O™ S o
K7 K7 K7 Q/ Q 7 O 7 %<</
S0 S 228
<<9<</<</ <<§ QY"Q,\/O &7
& PAPA § SPSHCHN
0207207 O/ 0007 L7
& P N L &
‘31 18| 17 16 15 | 14 5 4 3 2 1 0‘
\ooooooooooooooooo 0x0 OOOOXO‘Reset

LEDC_TIMER_SEL_CHn This field is used to select one of timers for channel n. 0: select timerO 1:
select timer1 2: select timer2 3: select timer3 (R/W)

LEDC_SIG_OUT_EN_CHn Set this bit to enable signal output on channel n. (R/W)
LEDC_IDLE_LV_CHn This bit is used to control the output value when channel n is inactive. (R/W)

LEDC_PARA_UP_CHn This bit is used to update register LEDC_CHn_HPOINT and
LEDC_CHn_DUTY for channel n. (WO)

LEDC_OVF_NUM_CHn This register is used to configure the maximum times of overflow minus
1. The LEDC_OVF_CNT_CHn_INT interrupt will be triggered when channel n overflows for
(LEDC_OVF_NUM_CHn + 1) times. (R/W)

LEDC_OVF_CNT_EN_CHn This bit is used to enable the ovf_cnt of channel n. (R/W)
LEDC_OVF_CNT_RESET_CHn Set this bit to reset the ovf_cnt of channel n. (WO)

LEDC_OVF_CNT_RESET_ST_CHn This is the status bit of LEDC_OVF_CNT_RESET_CHn. (RO)
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Register 9.2: LEDC_CHn_CONF1_REG (n: 0-7) (0x000C+20*n)

« 9\2\\;\0 0‘2\0 @9\2\\\ @9\2\\\
S5 S & <
QN & Q7 Q7
DA N) N) )
&£ & & &
AV Vs N A% A%
‘31|30|29 20|19 10|9 0‘
\ 0 | 1 | 0x0 | 0x0 | 0x0 \Reset

LEDC_DUTY_SCALE_CHn Thisregister is used to configure the changing step scale of duty on chan-
nel n. (R/W)

LEDC_DUTY_CYCLE_CHn The duty will change every LEDC_DUTY_CYCLE_CHn on channel n.
RW)

LEDC_DUTY_NUM_CHn This register is used to control the number of times the duty cycle will be
changed. (R/W)

LEDC_DUTY_INC_CHn This register is used to increase or decrease the duty of output signal on
channel n. 1: Increase; 0: Decrease. (R/W)

LEDC_DUTY_START_CHn Other configured fields in LEDC_CHn_CONF1_REG will start to take ef-
fect when this bit is set to 1. (R/W)

Register 9.3: LEDC_CONF_REG (0x00DO0)

&
Q/é 9\/
> S &
O/ %Q)é QQ/
V @ \(5’
‘ 31 |30 2|1 0‘
\oooooooooooooooooooooooooooooomo\Reset
LEDC_APB_CLK_SEL This bit is used to select clock source for the 4 timers. 2’d1: APB_CLK 2’d2:
RTC8M_CLK 2’d3: XTAL_CLK (R/W)
LEDC_CLK_EN This bit is used to control clock. 1’b1: Force clock on for register. 1’h0: Support
clock only when application writes registers. (R/W)
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Register 9.4: LEDC_CH/_HPOINT_REG (1: 0-7) (0x0004+20%)
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@’%Q}\\ ‘5)0 ’
N

‘31 14|13 0‘

\oooooooooooooooooo| 0x00 \Reset

LEDC_HPOINT_CHn The output value changes to high when the selected timers has reached the
value specified by this register. (R/W)

Register 9.5: LEDC_CHn_DUTY_REG (n: 0-7) (0x0008+20%)

S
/Q\/
Q)é"’& 090
& &
‘31 19|18 0‘
\o 0 000 00O 0O 0 O o| 0x000 \Reset

LEDC_DUTY_CHn This register is used to change the output duty by controlling the Lpoint. The
output value turns to low when the selected timers has reached the Lpoint. (R/W)

Register 9.6: LEDC_CHn_DUTY_R_REG (n: 0-7) (0x0010+20*)

OQQ
o
S N)
@ Q
& QO/
& N4
‘31 19|13 0‘
\o 0 000 00O OGO 0 O o| 0x000 \Reset

LEDC_DUTY_R_CHn This register stores the current duty of output signal on channel n. (RO)
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Register 9.7: LEDC_TIMERx_CONF_REG (: 0-3) (0x00A0+8*)

, &
v%v O &
@\l—/ @ng {—9\ ng\/
& A APEA % N
O, 0/ O O O
& S & &

‘31 26| 25 24 23 22 |21 413 0‘

\o o o o o ofofo[1]o 0x000 0x0 \Reset
LEDC_TIMERx_DUTY_RES This register is used to control the range of the counter in timer x. (R/W)
LEDC_CLK_DIV_TIMERx This register is used to configure the divisor for the divider in timer x. The

least significant eight bits represent the fractional part. (R/W)
LEDC_TIMERx_PAUSE This bit is used to suspend the counter in timer x. (R/W)
LEDC_TIMERx_RST This bit is used to reset timer x. The counter will show O after reset. (R/W)
LEDC_TICK_SEL_TIMERx This bit is used to select clock for timer x. When this bit is set to 1
LEDC_APB_CLK_SEL[1:0] should be 1, otherwise the timer clock may be not accurate. 1’h0:
SLOW_CLK 1’h1: REF_TICK (R/W)
LEDC_TIMERx_PARA_UP Set this bit to update LEDC_CLK_DIV_TIMERx and
LEDC_TIMERx_DUTY_RES. (WO)
Register 9.8: LEDC_TIMERx_VALUE_REG (x: 0-3) (0x00A4+8*x)
&
Q*@
> N
%Q’c\ 7
@ Y

\oooooooooooooooooo 0x00 \Reset
LEDC_TIMERx_CNT This register stores the current counter value of timer x. (RO)
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Register 9.9: LEDC_INT_RAW_REG (0x00CO0)
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\o 0 000 0 O0O0UO0 OO0 O o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o\Reset
LEDC_TIMERx_OVF_INT_RAW Triggered when the timerx has reached its maximum counter value.
(RO)
LEDC_DUTY_CHNG_END_CHn_INT_RAW Interrupt raw bit for channel n. Triggered when the grad-
ual change of duty has finished. (RO)
LEDC_OVF_CNT_CHn_INT_RAW Interrupt raw bit for channel n. Triggered when the ovf_cnt has
reached the value specified by LEDC_OVF_NUM_CHn. (RO)
Register 9.10: LEDC_INT_ST_REG (0x00C4)
IR

7 7 7 7/ 7/ 7/ 7 Q\
s o G S B G G S B A S S S S S
CIACIACIACIACIACIAG]

0720207
& LELLLLLLELLY

LEDC_TIMERx_OVF_INT_ST This is the masked interrupt status bit for the LEDC_TIMERx_OVF_INT
interrupt when LEDC_TIMERx_OVF_INT_ENAis set to 1. (RO)

LEDC_DUTY_CHNG_END_CH_INT_ST This is the masked interrupt status bit for the
LEDC_DUTY_CHNG_END_CHn_INT interrupt when LEDC_DUTY_CHNG_END_CHn_INT_ENAis
setto 1. (RO)

LEDC_OVF_CNT_CHn_INT_ST This is the masked interrupt status bit for the
LEDC_OVF_CNT_CHn_INT interrupt when LEDC_OVF_CNT_CHn_INT_ENAis set to 1. (RO)
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Register 9.11: LEDC_INT_ENA_REG (0x00C8)
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LEDC_TIMERx_OVF_INT_ENA The interrupt enable bit for the LEDC_TIMERX_OVF_INT interrupt.
R/W)

LEDC_DUTY_CHNG_END_CHn_INT_ENA The interrupt enable bit for the
LEDC_DUTY_CHNG_END_CHnN_INT interrupt. (R/W)

LEDC_OVF_CNT_CHn_INT_ENA The interrupt enable bit for the LEDC_OVF_CNT_CHn_INT inter-
rupt. (R/W)

Register 9.12: LEDC_INT_CLR_REG (0x00CC)

o&o&o&o&o&o&o\/ x4

SEERE
RIS

K/ K7 LK/ LK 7K 7K 7K 7K N RN KRN

NSRS NSNS,

LEDC_TIMERx_OVF_INT_CLR Set this bit to clear the LEDC_TIMERx_OVF_INT interrupt. (WO)

LEDC_DUTY_CHNG_END_CHr_INT_CLR Set this bit to clear the
LEDC_DUTY_CHNG_END_CHA_INT interrupt. (WO)

LEDC_OVF_CNT_CHn_INT_CLR Set this bit to clear the LEDC_OVF_CNT_CHn_INT interrupt. (WO)
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Register 9.13: LEDC_DATE_REG (0x00FC)

E 3

‘ 0x19072601 \ Reset

LEDC_DATE This is the version control register. (R/W)
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10. Remote Control Peripheral

10. Remote Control Peripheral

10.1 Introduction

The RMT (Remote Control) module is designed to send/receive infrared remote control signals that support for a
variety of remote control protocols. The RMT module converts pulse codes stored in the module’s built-in RAM
into output signals, or converts input signals into pulse codes and stores them back in RAM. In addition, the RMT
module optionally modulates its output signals with a carrier wave, or optionally filters its input signals.

The RMT module has four channels, numbered from zero to three. Each channel has the same functionality
controlled by dedicated set of registers and is able to independently transmit or receive data. Registers in each
channel are indicated by n which is used as a placeholder for the channel number.

10.2 Functional Description
10.2.1 RMT Architecture

S CHO |
.

RMT_CONTI_MODE_CHn
RMT_TX_LIM_Chn C H n
RMT_TX_WRAP_EN
Clock RMT_CARRIER_HIGH_CHn Transmitter
RMT_REF_CNT_RST_CHn RMT_CARRIER_LOW_CHn RMT_CARRIER_EN_CHn
RMT_DIV_CNT_Chn RMT_CARRIER_OUT_LV_CHn
REF_TICK arrier_Generator|
REF_TICK | X
0 Divider clk_div s
APB_CLK @ bits)
= 1
RMT_IDLE_OUT_EN_CHir
RMT_REF_ALWAYS_ON_CHn

RAM ‘

level
mem_rdata Flip_Flop

RMT_IDLE_OUT_LV_CHn

K
Counter
ICLR

block0

block1

Receiver
RMT_RX_FILTER_THRES_CHn

block2 RMT_CARRIER_EN_CHn

block3 mem_wdata RMT_RX_FILTER_EN_CHn

Detect_Edge
I
RMT_CARRIER_HIGH_THRES_CHn

RMT_CARRIER_LOW_THRES_CHn
RMT_CARRIER_OUT_LV_CHn

sig_in

APB BUS

RMT_MEM_PD
RMT_MEM_SIZE_CHn
RMT_MEM_RD_RST_CHn
RMT_MEM_WR_RST_CHn
RMT_MEM_OWNER_CHn

Figure 10-1. RMT Architecture

The RMT module contains four independent channels. Each channel has a clock divider, a counter, a transmitter
and a receiver. As for the transmitter and the receiver of a single channel, only one of them can be active. The
four channels share a 256 x 32-bit RAM.
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10.2.2 RMT RAM

[31] [30:16] [15] [14:0]

level period level period
addr0

[31] [30:16] ) [15] [14:0]

level period level period
addrn

Figure 10-2. Format of Pulse Code in RAM

The format of pulse code in RAM is shown in Figure 10-2. Each pulse code contains a 16-bit entry with two
fields, level and period. Level (O or 1) indicates a high-/low-level value was received or is going to be sent, while
"period” points out the clock cycles (see Figure 10-1 clk_div) for which the level lasts. A zero period is interpreted
as a transmission end-marker.

The RAM is divided into four 64 x 32-bit blocks. By default, each channel uses one block (block zero for channel
zero, block one for channel one, and so on). Usually, only one block of 64 x 32-bit worth of data can be sent or
received in channel n. If the data size is larger than this block size, users can configure the channel to enable
wrap mode or to use more blocks by setting RMT_MEM_SIZE_CHn. Setting RMT_MEM_SIZE_CHn > 1 will
prompt channel n to use the memory of subsequent channels, block (n) ~ block (1 + RMT_MEM_SIZE_CHn -1). If
so, the subsequent channels n +1 ~n + BMT_MEM_SIZE_CHn - 1 cannot be used once their RAM blocks are
occupied. Note that the RAM used by each channel is mapped from low address to high address. In such mode,
channel O is able to use the RAM blocks for channels 1, 2 and 3 by setting RMT_MEM_SIZE_CHn, but channel 3
cannot use the blocks for channels O, 1, or 2.

The RMT RAM can be accessed via APB bus, or read by the transmitter and written by the receiver. To protect a
receiver from overwriting the blocks a transmitter is about to transmit, RMT_MEM_OWNER_CHn can be
configured to designate the block’s owner, be it a transmitter or receiver. This way, if this ownership is violated, an
RMT_MEM_OWNER_ERR_CHn flag will be generated.

When the RMT module is inactive, the RAM can be put into low-power mode by setting
RMT_MEM_FORCE_PD.

10.2.3 Clock

The drive clock of a divider is generated by taking either the APB_CLK or REF_TICK according to the state of
RMT_REF_ALWAYS_ON_CHn. (For more information on clock sources, please see Chapter Reset and Clock).
Divider value is normally equal to the value of RMT_DIV_CNT_CHn, except value 0 that represents divider 256.
The clock divider can be reset to zero by clearing RMT_REF_CNT_RST_CHn. The clock generated from the
divider can be used by the clock counter (see Figure 10-2).

10.2.4 Transmitter

When RMT_TX_START_CHn is set to 1, the transmitter of channel n will start reading and sending pulse codes
from the starting address of its RAM block. The codes are sent starting from low-address entry. The transmitter
will stop the transmission, return to idle state and generate an RMT_CHn_TX_END_INT interrupt, when an
end-marker (a zero period) is encountered. Also, setting RMT_TX_STOP_CHn to 1 stops the transmission and
immediately sets the transmitter back to idle. The output level of a transmitter in idle state is determined by the
"level” field of the end-marker or by the content of RMT_IDLE_OUT_LV_CHn, depending on the configuration of
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RMT_IDLE_OUT_EN_CHn.

To transmit more pulse codes than can be fitted in the channel’s RAM, users can enable wrap mode by
configuring RMT_MEM_TX_WRAP_EN. In this mode, when the transmitter has reached the end-marker in the
channel’s memory, it will loop back to the first byte. For example, if RMT_MEM_SIZE_CHn is set to 1, the
transmitter will start sending data from the address 64 * n, and then the data from higher RAM address. Once the
transmitter finishes sending the data from (64 * (7 +1) - 1), it will continue sending data from 64 * n till encounters
an end-marker. Wrap mode is also applicable for RMT_MEM_SIZE_CHn > 1.

An RMT_CHn_TX_THR_EVENT_INT interrupt will be generated whenever the size of transmitted pulse codes is
larger than or equal to the value set by RMT_TX_LIM_CHn. In wrap mode, RMT_TX_LIM_CHn can be set to a
half or a fraction of the size of the channel's RAM block. When an RMT_CHn_TX_THR_EVENT_INT interrupt is
detected, the already used RAM region should be updated by subsequent user defined events. Therefore, when
the wrap mode happens the transmitter will seamlessly continue sending the new events.

The output of the transmitter can be modulated using a carrier wave by setting RMT_CARRIER_EN_CHn. The
carrier waveform is configurable. In a carrier cycle, the high level lasts for (RMT_CARRIER_HIGH_CHn +1) clock
cycles of APB_CLK or REF_TICK, while the low level lasts for (RMT_CARRIER_LOW_CHn +1) clock cycles of
APB_CLK or REF_TICK. When RMT_CARRIER_OUT_LV_CHn is set to 1, carrier wave will be added on high-level
output signals; while RMT_CARRIER_OUT_LV_CHn is set to 0, carrier wave will be added on low-level output
signals. Carrier wave can be added on output signals during modulation, or just added on valid pulse codes (the
data stored in RAM), which can be set by configuring RMT_CARRIER_EFF_EN_CHn.

The continuous transmission of the transmitter can be enabled by setting RMT_TX_CONTI_MODE_CHn. When
this register is set, the transmitter will send the pulse codes from RAM in loops. If RMT_TX_LOOP_CNT_EN_CHn
is set to 1, the transmitter will start counting loop times. Once the counting reaches the value of register
RMT_TX_LOOP_NUM_CHn, an RMT_CHn_TX_LOOP_INT interrupt will be generated.

Setting RMT_TX_SIM_EN to 1 will enable multiple channels to start sending data simultaneously.
RMT_TX_SIM_CHn will choose which multiple channels are enabled to send data simultaneously.

10.2.5 Receiver

When RMT_RX_EN_CHn is set to 1, the receiver in channel n becomes active, detecting signal levels and
measuring clock cycles the signals lasts for. These data will be written in RAM in the form of pulse codes.
Receiving ends, when the receiver detects no change in a signal level for a number of clock cycles more than the
value set by RMT_IDLE_THRES_CHn. The receiver will return to idle state and generate an
RMT_CHn_RX_END_INT interrupt.

The receiver has an input signal filter which can be enabled by configuring RMT_RX_FILTER_EN_CHn. The filter
samples input signals continuously, and will detect the signals which remain unchanged for a continuous
RMT_RX_FILTER_THRES_CHn APB clock cycles as valid, otherwise, the signals will be detected as invalid. Only
the valid signals can pass through this filter. The filter will remove pulses with a length of less than
RMT_RX_FILTER_THRES_CHn APB clock cycles.

10.2.6 Interrupts
e RMT_CHn_ERR_INT: Triggered when channel n does not read or write data correctly. For example, if the
transmitter still tries to read data from RAM when the RAM is empty, or the receiver still tries to write data
into RAM when the RAM is full, this interrupt will be triggered.

e RMT_CHn_TX_THR_EVENT_INT: Triggered when the amount of data the transmitter has sent matches the
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value of RMT_TX_LIM_CHn.
o RMT_CHn_TX_END_INT: Triggered when the transmitter has finished transmitting signals.
o RMT_CHn_RX_END_INT: Triggered when the receiver has finished receiving signals.

e RMT_CHn_TX_LOOP_INT: Triggered when the loop counting reaches the value set by
RMT_TX_LOOP_NUM_CHn.

10.3 Base Address

Users can access RMT with two base addresses, which can be seen in the following table. For more information
about accessing peripherals from different buses please see Chapter 1 System and Memory.

Table 42: RMT Base Address

Bus to Access Peripheral Base Address
PeriBUS1 0x3F416000
PeriBUS2 0x60016000

10.4 Register Summary

The addresses in the following table are relative to RMT base addresses provided in Section 10.3.

Submit Documentation Feedback

Name ‘ Description Address Access
Configuration registers
RMT_CHOCONFO_REG Channel 0 configuration register O 0x0010 R/W
RMT_CHOCONF1_REG Channel 0 configuration register 1 0x0014 varies
RMT_CH1CONFO_REG Channel 1 configuration register O 0x0018 R/W
RMT_CH1CONF1_REG Channel 1 configuration register 1 0x001C varies
RMT_CH2CONFO_REG Channel 2 configuration register O 0x0020 R/W
RMT_CH2CONF1_REG Channel 2 configuration register 1 0x0024 varies
RMT_CH3CONFO_REG Channel 3 configuration register O 0x0028 R/W
RMT_CH3CONF1_REG Channel 3 configuration register 1 0x002C varies
RMT_APB_CONF_REG RMT APB configuration register 0x0080 R/W
RMT_REF_CNT_RST_REG RMT clock divider reset register 0x0088 R/W
RMT_CHO_RX_CARRIER_RM_REG | Channel O carrier remove register 0x008C R/W
RMT_CH1_RX_CARRIER_RM_REG | Channel 1 carrier remove register 0x0090 R/W
RMT_CH2_RX_CARRIER_RM_REG | Channel 2 carrier remove register 0x0094 R/W
RMT_CH3_RX_CARRIER_RM_REG | Channel 3 carrier remove register 0x0098 R/W
Carrier wave duty cycle registers
RMT_CHOCARRIER_DUTY_REG Channel 0 duty cycle configuration register 0x0060 R/W
RMT_CH1CARRIER_DUTY_REG Channel 1 duty cycle configuration register 0x0064 R/W
RMT_CH2CARRIER_DUTY_REG Channel 2 duty cycle configuration register 0x0068 R/W
RMT_CH3CARRIER_DUTY_REG Channel 3 duty cycle configuration register 0x006C R/W
Tx event configuration registers
RMT_CHO_TX_LIM_REG Channel 0 Tx event configuration register 0x0070 varies
RMT_CH1_TX_LIM_REG Channel 1 Tx event configuration register 0x0074 varies
RMT_CH2_TX_LIM_REG Channel 2 Tx event configuration register 0x0078 varies
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10. Remote Control Peripheral

Name Description Address Access
RMT_CH3_TX_LIM_REG Channel 3 Tx event configuration register 0x007C varies
RMT_TX_SIM_REG Enable RMT simultaneous transmission 0x0084 R/W
Status registers
RMT_CHOSTATUS_REG Channel O status register 0x0030 RO
RMT_CH1STATUS_REG Channel 1 status register 0x0034 RO
RMT_CH2STATUS_REG Channel 2 status register 0x0038 RO
RMT_CH3STATUS_REG Channel 3 status register 0x003C RO
RMT_CHOADDR_REG Channel 0 address register 0x0040 RO
RMT_CH1ADDR_REG Channel 1 address register 0x0044 RO
RMT_CH2ADDR_REG Channel 2 address register 0x0048 RO
RMT_CH3ADDR_REG Channel 3 address register 0x004C RO
Version register
RMT_DATE_REG Version control register OxO0FC R/W
FIFO R/W registers
RMT_CHODATA_REG Read and write data for channel O via APB FIFO | 0x0000 RO
RMT_CH1DATA_REG Read and write data for channel 1 via APB FIFO | 0x0004 RO
RMT_CH2DATA_REG Read and write data for channel 2 via APB FIFO | 0x0008 RO
RMT_CH3DATA_REG Read and write data for channel 3 via APB FIFO | 0x000C RO
Interrupt registers
RMT_INT_RAW_REG Raw interrupt status register 0x0050 RO
RMT_INT_ST_REG Masked interrupt status register 0x0054 RO
RMT_INT_ENA_REG Interrupt enable register 0x0058 R/W
RMT_INT_CLR_REG Interrupt clear register 0x005C WO
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10. Remote Control Peripheral

10.5 Registers

Register 10.1: RMT_CHNCONFO0_REG (n: 0-3) (0x0010+8*n)

ol | 0x1000 | ox2 |Reset

RMT_DIV_CNT_CHn This field is used to configure clock divider for channel n. (R/W)

RMT_IDLE_THRES_CHn Receiving ends when no edge is detected on input signals for continuous
clock cycles larger than this register value. (R/W)

RMT_MEM_SIZE_CHn This field is used to configure the maximum blocks allocated to channel n.
The valid range is from 1 ~ 4-n. (R/W)

RMT_CARRIER_EFF_EN_CHn 1: Add carrier modulation on output signals only at data sending
state for channel n. 0: Add carrier modulation on signals at all states for channel n. States here
include idle state(ST_IDLE), reading data from RAM (ST_RD_MEM), and sending data stored in
RAM (ST_SEND). Only valid when RMT_CARRIER_EN_CHn is set to 1. (R/W)

RMT_CARRIER_EN_CHn This bit is used to enable carrier modulation for channel n. 1: Add carrier
modulation on output signals. 0: No carrier modulation is added on output signals. (R/W)

RMT_CARRIER_OUT_LV_CHn This bit is used to configure the position of carrier wave for channel
n. 1’h0: Add carrier wave on low-level output signals. 1’h1: Add carrier wave on high-level output
signals. (R/W)

Espressif Systems 256 ESP32-S2 TRM (Preliminary VO0.4)
Submit Documentation Feedback



https://www.espressif.com/en/company/contact/documentation_feedback?docId=4187&sections=&version=0.4

10. Remote Control Peripheral

Register 10.2: RMT_CH/CONF1_REG (: 0-3) (0x0014+8%)
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\oooooooooooooooo oxf 00100000\Rese»c

Espressif Systems

RMT_TX_START_CHn Set this bit to start sending data on channel n. (R/W)
RMT_RX_EN_CHn Set this bit to enable receiver to receive data on channel n. (R/W)

RMT_MEM_WR_RST_CHn Set this bit to reset RAM write address accessed by the receiver for chan-
nel n. (WO)

RMT_MEM_RD_RST_CHn Set this bit to reset RAM read address accessed by the transmitter for
channel n. (WO)

RMT_MEM_OWNER_CHn This bit marks the ownership of channel n’s RAM block. 1’h1: Receiver
is using the RAM. 1’h0: Transmitter is using the RAM. (R/W)

RMT_TX_CONTI_MODE_CHn Set this bit to restart transmission in continuous mode from the first
data in channel n. (R/W)

RMT_RX_FILTER_EN_CHn Set this bit to enable the receiver’s filter for channel n. (R/W)

RMT_RX_FILTER_THRES_CHn Set this field to ignore the input pulse when its width is less than
RMT_RX_FILTER_THRES_CHn APB clock cycles in receive mode. (R/W)

RMT_CHK_RX_CARRIER_EN_CHn Set this bit to enable memory loop read mode when carrier
modulation is enabled for channel n. (R/W)

RMT_REF_ALWAYS_ON_CHn Set this bit to select a base clock for channel n. 1’h1: APB_CLK;
1’h0: REF_TICK (R/W)

RMT_IDLE_OUT_LV_CHn This bit configures the level of output signals in channel n when the trans-
mitter is in idle state. (R/W)

RMT_IDLE_OUT_EN_CHn This is the output enable bit for channel n in idle state. (R/W)

RMT_TX_STOP_CHn Set this bit to stop the transmitter of channel n sending data out. (R/W)
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10. Remote Control Peripheral

Register 10.3: RMT_APB_CONF_REG (0x0080)

[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
-

RMT_APB_FIFO_MASK 1’h1: Access memory directly; 1’h0: Access memory via APB FIFO. (R/W)
RMT_MEM_TX_WRAP_EN Set this bit to enable wrap mode. (R/W)

RMT_MEM_CLK_FORCE_ON Set this bit to enable the clock for RAM when RMT module starts
working; disable this clock when RMT stops working, to achieve low-power scheme. (R/W)

RMT_MEM_FORCE_PD Set this bit to power down BMT memory. (R/W)

RMT_MEM_FORCE_PU 1: Disable RAM’s Light-sleep power down function. O: power down RMT
RAM when RMT is in Light-sleep mode. (R/W)

RMT_CLK_EN Clock gating enable bit for RMT registers to achieve low-power scheme. 1: Power up
drive clock for RMT registers. 0: Power down drive clock for RMT registers. (R/W)

Register 10.4: RMT_REF_CNT_RST_REG (0x0088)
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RMT_REF_CNT_RST_CHn This bit is used to reset the clock divider of channel n. (R/W)
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10. Remote Control Peripheral

Register 10.5: RMT_CH/_RX_CARRIER_RM_REG (: 0-3) (0x008C+4%/))

o o

‘ 0x00 0x00 ‘ Reset

RMT_CARRIER_LOW_THRES_CHn The low level period in carrier modulation mode is
(RMT_CARRIER_LOW_THRES_CHn + 1) clock cycles for channel n. (R/W)

RMT_CARRIER_HIGH_THRES_CHn The high level period in carrier modulation mode is
(RMT_CARRIER_HIGH_THRES_CHn + 1) clock cycles for channel n. (R/W)

Register 10.6: RMT_CHNCARRIER_DUTY_REG (n: 0-3) (0x0060+4*1)

‘31 16|15 0‘

‘ 0x40 | 0x40 ‘ Reset

RMT_CARRIER_LOW_CHn This field is used to configure the clock cycles of carrier wave at low level
for channel n. (R/W)

RMT_CARRIER_HIGH_CHn This field is used to configure the clock cycles of carrier wave at high
level for channel n. (R/W)
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Register 10.7: RMT_CH/_TX_LIM_REG (: 0-3) (0x0070+4*")
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RMT_TX_LIM_CHn This field is used to configure the maximum entries channel n can send out.
When RMT_MEM_SIZE_CHn = 1, this field can be set to any value among 0 ~ 128 (64 * 32/16
= 128); when RMT_MEM_SIZE_CHn > 1, this field can be set to any value among (0 ~ 128) *
RMT_MEM_SIZE_CHn. (R/W)

RMT_TX_LOOP_NUM_CHn This field is used to configure the maximum loop times when continuous
transmission mode is enabled. (R/W)

RMT_TX_LOOP_CNT_EN_CHn This bit is used to enable loop counting. (R/W)

RMT_LOOP_COUNT_RESET_CHn This bit is used to reset loop counting when continuous trans-
mission mode is valid. (WO)

Register 10.8: RMT_TX_SIM_REG (0x0084)

> S
NN @ @ @
XSS S
© VOV
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\oooooooooooooooooooooooooooooooo\Reset
RMT_TX_SIM_CHn Set this bit to enable channel n to start sending data simultaneously with other
enabled channels. (R/W)
RMT_TX_SIM_EN This bit is used to enable multiple channels to start sending data simultaneously.
(R/W)
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10. Remote Control Peripheral

Register 10.9: RMT_CH/STATUS_REG (1: 0-3) (0x0030+4%/)
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RMT_MEM_WADDR_EX_CHn This field records the memory address offset when receiver of channel
n is using the RAM. (RO)

RMT_MEM_RADDR_EX_CHn This field records the memory address offset when transmitter of
channel n is using the RAM. (RO)

RMT_STATE_CHn This field records the FSM status of channel n. (RO)

RMT_MEM_OWNER_ERR_CHn This status bit will be set when the ownership of memory block is
violated. (RO)

RMT_MEM_FULL_CHn This status bit will be set if the receiver receives more data than the memory
allows. (RO)

RMT_MEM_EMPTY_CHn This status bit will be set when the data to be sent is more than the memory
allows and the wrap mode is disabled. (RO)

RMT_APB_MEM_WR_ERR_CHn This status bit will be set if the offset address is out of memory size
when channel n writes RAM via APB bus. (RO)

RMT_APB_MEM_RD_ERR_CHn This status bit will be set if the offset address is out of memory size
when channel n reads RAM via APB bus. (RO)

Register 10.10: RMT_CHnADDR_REG (: 0-3) (0x0040+4*n)
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RMT_APB_MEM_WADDR_CHn This field records the memory address offset when channel n writes
RAM via APB bus. (RO)

RMT_APB_MEM_RADDR_CHn This field records the memory address offset when channel n reads
RAM via APB bus. (RO)
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10. Remote Control Peripheral

Register 10.11: RMT_DATE_REG (0x00FC)

&
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O
R

‘ 0x19072601 \ Reset

RMT_DATE \Version control register. (R/W)

Register 10.12: RMT_CHnDATA_REG (n: 0-3) (0x0000+4*)

E ]

‘ 0x000000 \ Reset

RMT_CHn_DATA_REG This register is used to read and write data for channel n via APB FIFO. (RO)

Register 10.13: RMT_INT_RAW_REG (0x0050)
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RMT_CHn_TX_END_INT_RAW The interrupt raw bit for channel n. Triggered when transmitting ends.
(RO)

RMT_CHn_RX_END_INT_RAW The interrupt raw bit for channel n. Triggered when receiving ends.
(RO)

RMT_CHn_ERR_INT_RAW The interrupt raw bit for channel n. Triggered when error occurs. (RO)

RMT_CHn_TX_THR_EVENT_INT_RAW The interrupt raw bit for channel n. Triggered when trans-
mitter sends more data than configured value. (RO)

RMT_CHn_TX_LOOP_INT_RAW The interrupt raw bit for channel n. Triggered when loop counting
reaches the configured threshold value. (RO)
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