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1. List of abbreviations for register

Abbreviation

Describe

Read/write (rw)

Software can read and write to this bit.

Read-only (r)

Software can only read this bit.

Write-only (w)

Software can only write to this bit. Reading this bit returns the reset value.

) Software can read as well as clear t
Read/clear writeO (rc_w0) )
on the bit value.
Software canreadaswe l | as c¢cl ear this bit by

Read/clear writel (rc_w1l)

on the bit value.

Read/clear write (rc_w)

Software can read as well as clear this bit by writing register. Writing to this bit

has no effect.

Read/clear by read (rc_r)

Readi
this bit has no effect on the bit value.

Software canread thisb i t . this bit aut (

ng

Read/set by read (rs_r)

The software can read this bit. Reading this bit automatically sets it to 1. Writing

this bit does not affect the bit value.

Software can read as well as set thi
Read/set (rs)

value.
Toggle (t) Software can toggle this bit by writ

Reserved (Res)

Reserved bit, must be kept at reset value.
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2. System architecture
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3. Memory and bus architecture

3.1. System architecture

The system consists of the following parts:

A Two masters:

U Cortex-MO+

0  General-purpose DMA

A Three Slaves

U Internal SRAM

U Internal Flash memory

U  AHB with AHB-APB Bridge

GPIO Ports
AB,CGr

IOPOR

ARM

CortexMo+ m
Core

bMA Channels 1 107 (TR

A

Bus matrix

Flash memory interface|

ﬁ Flash memory

SYSCFG,
ADC,DAC,
COMP1,COMP2,COMP3,
TIM1,TIM2,TIM3,
TIM14,TIM15,TIM16,TIM17
TIM6,TIM7,
LPTIM,

IWDG ,WWDG,
RTC,PWR,
12C1,12C2,

USARTI1, USART2,
USART3,USART4,
SPI1/SPI12,12521,12S2,

USB,CAN,

LCD,0PA1,0PA2,0PA3,DIV,

DBGMCU

A System bus

FigBi®&ystem architecture

This bus connects the Cortex-MO0+ system bus to the bus Matrix, which is used to manage the CPU

and DMA arbitration.

A DMA bus
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3.2.

This bus connects the DMA's AHB master interface to the Bus Matrix, which manages the CPU and
DMA peripheral access to SRAM, Flash memory and AHB/APB.

A Bus Matrix

The Bus Matrix is responsible for bus arbitration of the CPU bus and the DMA bus. This arbitration
uses the Round Robin algorithm. The Bus Matrix consists of Masters (CPU, DMA) and slaves (Flash
memory, SRAM and AHB-to-APB bridge).

A AHB-to-APB bridge (APB)

The AHB-to-APB bridge is responsible for the synchronization between the AHB and APB buses and

the mapping of peripheral addresses.

Memory organization

Program memory, data memory, registers and I/O ports are organized within the same linear 4-Gbytes
address space. The bytes are coded in memory in Little Endian format (in a word, the lowest numbered
bytei s considered the hyex | ddébs | east sinificant

The addressable memory space is divided into 8 mian blocks, each of 512 Mbyte.
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OXFFFF FFFH

| User space |

Block7
O0xED10 0000 | Reserved space|
ARM Cortex M+
0xEDOO 0000 Internal periphrals
Block6
0x@00 0000 OXSEERFEFE
IOPORT 0x5000 0000
Blockb
0x4002 6FF
0xAD00 0000 AHB
0x4002 0000
Block4
0x4001 BFF
APB
0x8000 0000 0x4001 0000
Blocka 0x4000A7FF
APB
0XG6000 0000 0x4000 0000
Block2 OXLFFR7FF
. Reserved
Periphrals Ox1FFR32FF
0x4000 0000 Factory configbytes OXIFFRB1EE
Option bytes OXLFFRBOFF
Blockl uiD OXIFFR2FFF
0x20004000 il OXIFFREFF
RAM
0x2000 0000 System memory
Ox1FFFO000
Blocko 0x0801 FFFF
Code Main flash
0x0000 0000 0x0800 0000
Main flast 0x0001 FFFF
Add b System flash
ressaple space
P RAM 0x0000 0000
Figd3R2®Memory map
Tab3keMemory boundary addresses
Type Boundary Address Size Memory Area Description
0x2000 4000-0x3FFF FFFF - Reserved -
SRAM Maximum SRAM is 16
0x2000 0000-0x2000 3FFF 16 KBytes SRAM
KBytes
Ox1FFF 3400-0x1FFF FFFF = Reserved =
Ox1FFF 3300-0x1FFF 33FF - Reserved Reserved
Code Ox1FFF 3200-0x1FFF 32FF 256 Bytes FT inforO bytes Factory config
) Chip hardware and software
Ox1FFF 3100-Ox1FFF 31FF 256 Bytes Option bytes ) ) )
Option bytes information

28/913



PY32F07X Reference Manual

Type Boundary Address Size Memory Area Description
Ox1FFF 3000-0Ox1FFF 30FF 256 Bytes UID bytes Unique ID
Ox1FFF 2F00-Ox1FFF 2FFF 256 Bytes FT bytes FT bytes
Ox1FFF 0000-Ox1FFF 2EFF 11.75 KBytes | System memory Store the boot loader
0x0802 0000-0x1FFE FFFF - Reserved -
0x0800 0000-0x0801 FFFF 128 KBytes Main flash memory -
0x0002 0000-0x07FF FFFF - Reserved -
According to the Boot con-
figuration:
0x0000 0000-0x0001 FFFF 128 KBytes 1) Main Flash memory -

2) System memory

3) SRAM

1. The above spaces are marked as reserved spaces, which cannot be written and read as 0 with a re-

sponse error occurs.

Tab3-2Peri pher al

regi ster address

Bus Boundary Address Size Peripheral
O0xE000 0000-0XxEOOF FFFF 1 MBytes MO+
0x5000 1800-0x5FFF FFFF 256 MBytes Reserved®
0x5000 1400-0x5000 17FF 1 KBytes GPIOF
0x5000 1000-0x5000 13FF 1 KBytes Reserved

IOPORT | 0x5000 0C00-0x5000 OFFF 1 KBytes Reserved
0x5000 0800-0x5000 OBFF 1 KBytes GPIOC
0x5000 0400-0x5000 07FF 1 KBytes GPIOB
0x5000 0000-0x5000 03FF 1 KBytes GPIOA
0x4002 4000-0x4FFF FFFF 256 MBytes Reserved
0x4002 3C00-0x4002 3FFF 1 KBytes Reserved
0x4002 3800-0x4002 3BFF 1 KBytes DIV
0x4002 3400-0x4002 37FF 1 KBytes Reserved
0x4002 3000-0x4002 33FF 1 KBytes CRC
0x4002 2400-0x4002 2FFF 3 KBytes Reserved

AHB 0x4002 2000-0x4002 23FF 1 KBytes FLASH
0x4002 1C00-0x4002 1FFF 1 KBytes Reserved
0x4002 1800-0x4002 1BFF 1 KBytes EXTI
0x4002 1400-0x4002 17FF 1 KBytes Reserved
0x4002 1000-0x4002 13FF 1 KBytes RCC®
0x4002 0400-0x4002 OFFF 3 KBytes Reserved
0x4002 0000-0x4002 03FF 1 KBytes DMA

APB 0x4001 5CO00 - 0x4001 FFFF 41 KBytes Reserved
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Bus Boundary Address Size Peripheral
0x4001 5800 - 0x4001 5BFF 1 KBytes DBG
0x4001 4C00 - 0x4001 57FF 3 KBytes Reserved
0x4001 4800 - 0x4001 4BFF 1 KBytes TIM17
0x4001 4400 - 0x4001 47FF 1 KBytes TIM16
0x4001 4000 - 0x4001 43FF 1 KBytes TIM15
0x4001 3C00 - 0x4001 3FFF 1 KBytes Reserved
0x4001 3800 - 0x4001 3BFF 1 KBytes USART1
0x4001 3400 - 0x4001 37FF 1 KBytes Reserved
0x4001 3000 - 0x4001 33FF 1 KBytes SPI1/12S1
0x4001 2C00 - 0x4001 2FFF 1 KBytes TIM1
0x4001 2800 - 0x4001 2BFF 1 KBytes Reserved
0x4001 2400 - 0x4001 27FF 1 KBytes ADC
0x4001 0400 - 0x4001 23FF 8 KBytes Reserved
0x4001 0300 - 0x4001 03FF OPA
0x4001 0200 - 0x4001 02FF 1 KBytes COMP
0x4001 0000 - 0x4001 01FF SYSCFG
0x4000 8000- 0x4000 FFFF 32 KBytes Reserved
0x4000 7C00 - 0x4000 7FFF 1 KBytes LPTIM1
0x4000 7800 - 0x4000 7BFF 1 KBytes Reserved
0x4000 7400 - 0x4000 77FF 1 KBytes DAC
0x4000 7000 - 0x4000 73FF 1 KBytes PWR®
0x4000 6C00 - 0x4000 6FFF 1 KBytes CTC
0x4000 6800 - 0x4000 6BFF 1 KBytes Reserved
0x4000 6400 - 0x4000 67FF 1 KBytes CAN
0x4000 6000 - 0x4000 63FF 1 KBytes USB SRAM
0x4000 5CO00 - 0x4000 5FFF 1 KBytes uSB
0x4000 5800 - 0x4000 5BFF 1 KBytes 12C2
0x4000 5400 - 0x4000 57FF 1 KBytes 12C1
0x4000 5000 - 0x4000 53FF 1 KBytes Reserved
0x4000 4CO00 - 0x4000 4FFF 1 KBytes USART4
0x4000 4800 - 0x4000 4BFF 1 KBytes USART3
0x4000 4400 - 0x4000 47FF 1 KBytes USART2
0x4000 3CO00 - 0x4000 43FF 2 KBytes Reserved
0x4000 3800 - 0x4000 3BFF 1 KBytes SPI2/12S2
0x4000 3400 - 0x4000 37FF 1 KBytes Reserved
0x4000 3000 - 0x4000 33FF 1 KBytes IWDG
0x4000 2CO00 - 0x4000 2FFF 1 KBytes WWDG
0x4000 2800 - 0x4000 2BFF 1 KBytes RTC
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Bus Boundary Address Size Peripheral

0x4000 2400 - 0x4000 27FF 1 KBytes LCD

0x4000 2000 - 0x4000 23FF 1 KBytes TIM14

0x4000 1800 - 0x4000 1FFF 2 KBytes Reserved

0x4000 1400 - 0x4000 17FF 1 KBytes TIM7

0x4000 1000 - 0x4000 13FF 1 KBytes TIM6

0x4000 0800 - 0x4000 OFFF 2 KBytes Reserved

0x4000 0400 - 0x4000 O7FF 1 KBytes TIM3

0x4000 0000 - 0x4000 03FF 1 KBytes TIM2

1. IOPORT, AHB, APB marked as Reserved address space, cannot be writen, read back to 0, will not generate

hardfault.

2. Not only supports 32 bits word access, but also supports halfword and byte access.

3. Not only supports 32 bits word access, but also supports halfword access.

3.3.

3.4.

3.5.

Embedded SRAM

The PY32F072 features up to 16 KBytes of SRAM. It can be accessed as bytes, half-word (16 bits)
or full words (32 bits). A hard fault will be generated when the software reads and writes the space

outside the setting range.

Flash memory

Flash memory consists of two physical areas:
A Main Flash area, 128 KBytes, it contains application and user data. Software access to spaces

outside the set range generates hard fault.

>

Information area, 14 KBytes, it includes the following parts:
- FTinfor0 bytes: 256 Bytes, used to store Normal and High TS DATA, HSI Re-trimming data

- Option bytes: 256 Bytes, used to store chip software and hardware Option Bytes information

UIDx 256 Bytes, used to store the UID of the chip
- System memory:11.75 KBytes, used to store Boot loader
Flash memory interface implements instruction of reading and data access based on the AHB proto-

col, and it also implements the basic program/erase operations of the Flash through registers.

Boot mode
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Three different boot mode can be selected through the BOOTO pin and boot selector option bit
nBOOT1 (stored in the Option bytes), as shown in the following table:

Tab33*Boot mood

Boot mode configuration
_ i Mode
nBOOT1 bit BOOTO pin
X 0 Main Flash memory is selected as the boot area
1 1 System memory is seleced as the boot area
0 1 Embedded SRAM is selected as the boot area

3.5.1.

3.5.2.

The values on the Boot pins are latched on the 4th SYSCLK after a reset. It is up to the user to set the

boot mode to choose according to the table above.

The CPU then takes the value at the top of the stack from address 0x0000 0000, then starts code

executes from the boot memory starting from 0x0000 0004. Depending on the selected boot mode,

main Flash memory, system memory or SRAM is accessible as follows:

A Boot from main Flash memory: the main Flash memory is aliased in the boot memory space
(Ox0000 0000), but still accessible from its original memory space (0x0800 0000). In other word,
the Flash memory contents can be accessed starting from address 0x0000 0000 or 0x0800 0000.

A Boot from system memory: the system memory is aliased in the boot memory space (0x0000
0000), but still accessible from its original memory space (Ox1FFF 0000).

A Boot from the embedded SRAM: the SRAM is aliased in the boot memory space (0x0000 0000),
but still accessible at address 0x2000 0000.

Memory physical mapping

If boot mode is selected, the application software can modify the memory accessible in the program

space. This modification is determined by the MEM_MODE bit selection in the SYSCFG_CFGR1

register (see the SYSCFG chapter for details).

Embedded boot loader

The embedded boot loader is located in the System memory, programmed during production. It is

used to reprogram the Flash memory using the following serial interface:

A USART1 1 PA9/PA10 ¢ USART2,1 PA4/PA15 ¢y USART3 1 PB10/PB11 ¢ USART4 |

PC10/PC11y
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A USBI PA11/PA12
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4. Embedded Flash memory

4.1. Key features
A Main flash block: maximum 128 KBytes
A Information block: 14 KBytes
A Page size: 256 Bytes
A Sector size: 8 KBytes
The Flash control interface circuit features:
A Flash write and erase
A Programming operations of option bytes
A Read protection
A Write protection

A SDK protection

4.2. Flash memory function introduction
4.2.1. Flash structure

Flash memory is composed of 64-bit wide storage units, which can be used for program and data
storage. Page size is 256 Bytes, Sector size is 8 KBytes.

In terms of function, Flash memory is divided into Main flash and information flash, the former has a
maximum capacity of 128 KBytes, and the latter has a capacity of 14 KBytes.

Tab4lFl ash st r uwcutnudraer yanadd dr e s s e s

Block Sector Page Base address Size
Sector O Page 0-31 0x0800 0000-0x0800 1FFF 8 KBytes
Sector 1 Page 32-63 0x0800 2000-0x0800 3FFF 8 KBytes
Mairsh Sec,tor 2 Page, 64-95 0x0800 4000,-0x0800 SFFF 8 KI'3ytes
é é é é

Sector 14 Page 448-479 0x0801 C000-0x0801 DFFF 8 KBytes
Sector 15 Page 480-511 0x0801 E000-0x0801 FFFF 8 KBytes

System flash Page 0-46 Ox1FFF 0000-0x1FFF 2EFF 11.75 KBytes
FT Page 47 Ox1FFF 2F00-Ox1FFF 2FFF 256 bytes
uiD INFO Page 48 Ox1FFF 3000-0x1FFF 30FF 256 bytes
Option bytes Page 49 O0x1FFF 3100-Ox1FFF 31FF 256 bytes
Factory config Page 50 Ox1FFF 3200-0x1FFF 32FF 256 bytes
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Block Sector Page Base address Size
Reserved Page 51-55 Ox1FFF 3300-0x1FFF 37FF 1280 bytes
4.2.2. Flash read operation and access latency

4.2.3.

Flash can be used as a general memory space to accessed direct addressing. The contents of the
Flash memory can be read through a special read control sequence. The instruction fetch and data
access are both done through the AHB bus. Read can mange through the Latency of the FLASH_ACR
register, which is the read operation increase the wait state or not.

FLASH_ACR.O(LATENCY) bit, When it is 0, the wait state of the Flash read operation is not added.
When it is 1, the Flash read operation adds one wait state. When it is 2, the Flash read operation adds
two wait states. This mechanism is specially designed to match high-speed system clock and relatively
low-speed Flash read speed.

Flash program and erase operations

The Flash memory can be programmed by In -circuit programming (ICP) or In -application program-
ming (IAP).

ICP: It is used to update the entire contents of the Flash memory, using the SWD protocol or the boot
loader to load the user application into the MCU. ICP provides quick and efficient design iterations and
eliminates unnecessary package handling or socketing of devices.

IAP: It can use any communication interface supported by the microcontroller to download program-
ming data into Flash memory. The IAP allows the user to re-program the Flash memory while the
application is running. Then, part of the application has to have been previously programmed in the
Flash memory using ICP.

If a reset occurs during Flash program and erase operations, the contents of the Flash memory are
not protected.

During a program and erase operations to the Flash memory, any attempt to read the Flash memory
will stall the bus. The read operation will proceed correctly once the program and erase operations has
completed. This means that code or data fetches cannot be made while programming and erasing
operations are in progress.

For program and erase operations, the HSI must be turned on.
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4.2.3.1.

4.2.3.2.

Unlocking the Flash memory

After reset, the Flash memory is protected against unwanted (like caused by electrical interference)
write or erase operations. The FLASH_CR register is not accessible in write mode, except for the OB
L_LAUNCH bits, used to reload option bit. Every time to write or erase the Flash, must write the
FLASH_KEYR register, to generate an unlock sequence, and to open the access to the FLASH_CR
register.

This sequence consists of two steps:

Step 1: Write KEY1 = 0x4567 0123 to the FLASH_KEYR register

Step 2: Write KEY2 = OXCDEF 89AB to the FLASH_KEYR register

Any wrong sequence locks up the FLASH_CR register until the next reset. In the case of a wrong key
sequence, a bus error is detected and a Hard Fault interrupt is generated. This is done after the first
write cycle if KEY1 does not match, or during the second write cycle if KEY1 has been correctly written
but KEY2 does not match.

The FLASH_CR register can be locked again by user software by writing the LOCK bit in the
FLASH_CR register.

In addition, the FLASH_CR register cannot be written when the BSY bit of the FLASH_SR register is

set. In the meantime, any attempt to write FLASH_CR register will cause the AHB bus to stall until

the BSY bit is cleared.

Flash memory programming

The Flash memory can be programmed the entire page in units of 32 bits each time (hardfault will be
generated when the half word or byte operation is performed). The program operation is started when
the CPU writes a half-word into a main Flash memory address with the PG bit of the FLASH_CR
register set. Any non 32-bit write will cause a hard fault interrupt.

If the address is write-protected by the FLASH_WRPR register, the program operation is skipped and
awarning is issued by the WRPERR bit in the FLASH_ SR register. At the end of the program operation,
the EOP bit in the FLASH_SR register will be set.

The Flash memory programming sequence is as follows:
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4.2.3.3.

>

A

Check that no Flash memory operation is ongoing by checking the BSY inthe FLASH_SR register.
If no Flash memory erase or program operation is ongoing, the software reads out the 64 words
of the page (if the page already has data stored, perform this step, otherwise skip this step).

To release the protection of the FLASH_CR register by programming KEY1 and KEY2 to the
FLASH_KEYR register.

Set the PG bit and the EOPIE bit in the FLASH_CR register.

Programming to the target address from the 1st to 63rd word (only accept 32 bits program).

Set the PGSTRT in FLASH_CR register.

Write the 64th word.

Wait until the BSY bit of the FLASH_SR register to be cleared.

Check the EOP flag in the FLASH_SR register (It is set when the programming operation has
succeeded), and then clear it by software.

If there are no more program operations, software will clear the PG bit.

When the above step 7) is successfully executed, the program operation is automatically started, and

the BSY bit is set by hardware at the same time.

Flash Erase Operation

The Flash memory can be erased by page, or sector and mass erase.

Page erase

When a page is protected by WRP, it will not be erased and the WRPERR bit is set at this time. To

excution the page erase operation, the following steps need to be performed:

1)

2)

3)
4)
5)

6)

Check that no Flash memory operation is ongoing by checking the BSY inthe FLASH_SR register.
To release the protection of the FLASH_CR register by programming KEY1 and KEY2 to the
FLASH_KEYR register.

Set the PER bit and the EOPIE bit in the FLASH_CR register.

Write arbitrary data (32-bit data) to the page.

Wait for the BSY bit to be cleared.

Check that the EOP flag is set.
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4.2.3.4.

4.2.3.5.

7) Clear the EOP flag.

Mass erase

The Mass erase can used to completely erase the entire main Flash memory. Additionally, when

WRP is enabled, the mass erase function is disabled and no mass erase operation occurs, the

WRPERR bit is set.

The following sequence for mass erase:

A Check that no Flash memory operation is ongoing by checking the BSY.

A To release the protection of the FLASH_CR register by programming KEY1 and KEY2 to the
FLASH_KEYR register.

A  Set the MER bit and the EOPIE bit in the FLASH_CR register.

A Write arbitrary data (32-bit data) to the main Flash memory.

A Wait for the BSY bit to be cleared.

A Check that the EOP flag is set.
A Clear the EOP flag.
Sector erase

The sector erase can be used to erase the main Flash of 8 KBytes. In addition, when a sector is

protected by WRP, it will not be erased, and the WRPERR bit is set.

The following sequence for sector erase:

A Check that no Flash memory operation is ongoing by checking the BSY.

A To release the protection of the FLASH_CR register by programming KEY1 and KEY2 to the
FLASH_KEYR register.

A  Set the SER bit and the EOPIE bit in the FLASH_CR register.

A Write arbitrary data to the sector.

A Wait for the BSY bit to be cleared.

A Check that the EOP flag is set.

A Clear the EOP flag.
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4.2.3.6.Program and erase time configuration

4.3.

4.3.

Flash write and erase times need to be tightly controlled, otherwise the operation will fail. If you need

to write and erase the Flash, you need to FLASH_PERTPE, FLASH_SMERTPE, FLASH_PRGTPE,

FLASH_PRETPE to configure the Flash Write and Erase time control registers according to the HSI

output frequency.

Flash option byte

1. Flash option word

Part of the information area is used as an option byte, which is used to store the hardware configuration

that the chip or the user needs to perform for the application. For example, the watchdog can be

selected in hardware or software mode.

For data security, the option bytes are stored separately in the code and one's complement code.

Tab4-20pt by ®r mat

31 | 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Complemented Option byte 1 Complemented Option byte 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Option byte 1 Option byte 0

The option bytes can be read from the memory locations listed in the table option byte organization or

from the relevant registers of the following option bytes :

A

A

A

FLASH user option register (FLASH_OPTR)

FLASH SDK area address register (FLASH_SDKR)

FLASH WRP address register (FLASH_WRPR)

Tab4-FO0Opt ibymoe gani zati on

Word address

Describe

Ox1FFF 3100

Option byte for Flash User option and its complemented

Ox1FFF 3108

Option byte for Flash SDK area address and its complemented

Ox1FFF 3110

Reserved

Ox1FFF 3118

Option byte for Flash WRP address and its complemented

Ox1FFF 3120 Reserved
Ox1FFF 3128 Reserved
é Reserved
é Reserved
é Reserved
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Ox1FFF 31F8

Reserved

1) Option byte for Flash User option
Flash memory address: Ox1FFF 3100

Production value:0x2755 DS8AA

After the power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding value is read

from the option bytes area of the Flash information memory and written to the corresponding option

bit of the register.

212|2 22 1 1
31 30 29 28 27
6(5|4 9(8|7]|6
R| R| R
~IWDG_ST
op ~nBOOT1 | ~NRST_MODE | ~WWDG_SW | ~IWDG_SW | e|e|e ~RDP[7:0]
s|s|s
R R R R R R| R R| R| R R| R
1
15 14 13 12 11 09876543 1|0
R| R| R
IWDG_STO
b nBOOT1 NRST_MODE WWDG_SW IWDG_SW | e RDPJ[7:0]
s|s|s
R R R R R R‘R‘R‘R‘R‘R‘R‘R
Bit Name R/W Function
31 ~IWDG_STOP R Oneds complWP@GETOP o f
30 ~nBOOT1 R Oneds compnBO@I&nt of
29 ~ NRST_MODE R Oneds compNRSMMODE o f
28 ~WWDG_SW R Oneds compWWwDeeSW of
27 ~IWDG_SW R Oneds complwWb@&Wt of
26:24 Resrved - Resrved
23:16 ~RDP R Onebds compRDPment of
with setting iwdg timer running state in stop mode
15 IWDG_STOP R 0: freze timer
1: normal operation
14 nBOOT1 R Select boot mode with BOOT PIN
0: Reset input only
13 NRST_MODE R
1: GPIO function
0x Hardware watchdog
12 WWDG_SW R
1x Software watchdog
0: Hardware watchdog
11 IWDG_SW R
1: Software watchdog
10x 8 Resrved -
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OxAAx level 0, read protection inactive

7x 0 RDP R
Non 0xAAX level 1, read protection active

2) Option byte for flash SDK area address
Flash memory address: Ox1FFF 3108
Production value: OxFFEO 001F
After the power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding value is read
from the option bytes area of the Flash information memory and written to the corresponding option

bit of the register.

31 ‘ 30 ‘ 29 28 ‘ 27 ‘ 26 ‘ 25 ‘ 24 | 23 | 22 21 20 ‘ 19 ‘ 18 ‘ 17 | 16
~BOR_LEV[2:0] ~SDK_ENDI[4:0] Res | Res | ~BOR_EN ~SDK_STRT[4:0]
R R R R R R R R R R R R|R|R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1|0
BOR_LEV|[2:0] SDK_ENDI4:0] Res | Res | BOR_EN SDK_STRTI[4:0]
R‘R‘R R‘R‘ R ‘R‘R R R‘R‘R‘R’R
Bit Name R/W Function
31x 29 ~BOR_LEV[2:0] R Oneds compBORMEV{X0] o f
28x 24 ~SDK_END[4:0] R Oneds compIDKrEAIDt o f
23x 22 Reserved - -
21 ~BOR_EN R Oneds compBORNMANNt of
20x 16 ~SDK_STRTI[4:0] R Oneds comp3DKS&RIt of
000: BOR rising threshold is 1.8 V, falling threshold is 1.7 V
001: BOR rising threshold is 2.0 V, falling threshold is 1.9 V
010: BOR rising threshold is 2.2 V, falling threshold is 2.1 V
011: BOR rising threshold is 2.4 V, falling threshold is 2.3 V
15x 13 BOR_LEV[2:0] R . . . .
100: BOR rising threshold is 2.6 V, falling threshold is 2.5 V
101: BOR rising threshold is 2.8 V, falling threshold is 2.7 V
110: BOR rising threshold is 3.0 V, falling threshold is 2.9 V
111: BOR rising threshold is 3.2 V, falling threshold is 3.1 V
12x 8 SDK_END[4:0] R SDK area end addresst each corresponding STEP is 4 KBytes
7X 6 Reserved - -
BOR enable
5 BOR_EN R 0: BOR is disabled
1: BOR is enabled, BOR_LEV works
4x 0 SDK_STRT[4:0] R SDK area start addressi each corresponding STEP is 4 KBytes

3) Option byte for Flash WRP address
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Flash memory address: Ox1FFF 3118

Production value: 0x0000 FFFF

After the power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding value is read
from the option bytes area of the Flash information memory and written to the corresponding option

bit of the register.

31|30|29‘28|27‘26|25‘24|23‘22|21‘20‘19|18|17‘16
~WRP[15:0]
R R R R R R R R R R R R R R R
15 | 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WRP[15:0]
RIRIR‘RIR‘R‘R‘R‘R‘R‘R‘R‘R‘RIR‘R
Bit Name R/W Function
Complemented .
31x 16 WRP R Oneds compWRPment of
0: sector [y] is protected
15x 0 WRP R 1: sector [y] unprotected
y=0to 15
4.3.2. Flash option byte write

After reset, the bits in the FLASH_CR register associated with the option byte are write-protected. The
OPTLOCK bit in the FLASH_CR register must be cleared before the option byte can be manipulated.
The following steps are used to unlock this register:

A Unlock sequence to unlock write protection of FLASH_CR register.

A Write OPTKEY1 = 0x0819 2A3B to the FLASH_OPTKEYR register.

A Write OPTKEY2 = 0x4C5D 6E7F to the FLASH_OPTKEYR register.

Any wrong sequence locks up the FLASH_CR register until the next reset. In the case of a wrong key
sequence, a bus error is detected and a Hard Fault interrupt is generated.

User option (option bytes in information Flash memory) can be protected by software by writing the
OPTLOCK bit of the FLASH_CR register to prevent unwanted erase/program operations.

If software sets the Lock bit, the OPTLOCK bit is also automatically set.

Modifying user option bytes
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Programming operation of the option byte is different from the operation to the main Flash memory.

To modify the option bytes, the following steps are required:

A Using the steps described previously to clear the OPTLOCK bit.

A Check that no Flash memory operation is ongoing by checking the BSY

A Write the desired value (1~3 words) to the option bytes register FLASH_OPTR/ FLASH_SDKAR/
FLASH_WRPR.

A  Set OPTSTRT bit.

A Write any 32 bits data to the main Flash memory address 0x4002 2080 (trigger a formal program
operation).

A Wait for the BSY bit to be cleared.

A Wait for EOP to be pulled high, software to be cleared.

Any change to the option bytes, the hardware will first erase the entire page to the option byte, and

then program the value of the FLASH_OPTR, FLASH_SDKAR or FLASH_WRPR register to the op-

tion bytes. And, the hardware automatically calculates the corresponding complement, and programs

the calculated value to the corresponding area of the option bytes.

Option byte loading

After the BSY bit is cleared, all new option bytes are written into the Flash information memory, but

they are not applied to the system. The read operation of the option bytes register still returns the value

in the last loaded option bytes. Once they are loaded with new values, it will work on the system.

The loading of option bytes is performed in the following two cases:

a) OBL_LAUNCH bitinthe FLASH_CR register is set.

b) After power-on reset (POR, BOR)

Loading option bytes is: read the option bytes in the information memory area, and then store the read

data in the internal option registers (FLASH_OPTR, FLASH_SDKAR and FLASH_WRPR). These in-

ternal registers configure the system and can be read by software. The OBL_LAUNCH bit is set to

generate a reset, so that the loading of option bytes can be carried out under the reset of the system.

43/913



PY32F07X Reference Manual

4.4.

Each option bit has a corresponding complement at its same doubleword address (next half word).
During the loading of the option bytes, the validation of the option bit and its complement ensures that
the loading was performed correctly.
If the one's complement matches, the option bytes are copied into the option register.
If the one's complement does not match, the OPTVERR status bit in the FLASH_SR register is set.
Unmatched values are written to the option register:
A For user option

0 BOR_LEV is written as 000 (the lowest threshold)

U The BOR_EN bit is written as 0 (BOR is not enabled)

U0 NRST_MODE bit written to 0 (reset input only)

U  RDP bit is written as 0xff (which is level 1)

U The rest of the mismatched values are written as 1

>

For SDK area option, SDKR_STRT [4:0] = 0x00, SDKR_END [4:0] = Ox1F, all Flash memory is
set as SDK

A For the WRP option, the unmatched value is the default "no protection"

After system reset, the contents of option bytes are copied to the following option registers (readable
and writable by software):

A FLASH_OPTR

A FLASH_SDKR

A FLASH_WRPR

These registers are also used to modify option bytes. If these registers are not modified by the user,
they reflect the state of the system option.

Flash configuration bytes

Part of the interval (one page in total) of the information area of the Flash memory is used as factory
config. byte.

Page Oisst ored for software to read information

stored):
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p)

HSI frequency selection control value, and corresponding trimming value.

A Erase and program time configuration parameter values corresponding to different frequencies of

HSI.
TabK4dFactorybyoefiagi zati on
Page Word Address Contents
Store HSI 4 MHz frequency selection control and corresponding trimming
0 Ox1FFF 3200
value
Store HSI 8 MHz frequency selection control and corresponding trimming
1 Ox1FFF 3208
value
Store HSI 16 MHz frequency selection control and corresponding trimming
2 Ox1FFF 3210
value
Store HSI 22.12 MHz frequency selection control and corresponding trimming
3 Ox1FFF 3218
value
Store HSI 24 MHz frequency selection control and corresponding trimming
4 Ox1FFF 3220
value
5 Ox1FFF 3228 TS_CAL1, 30t temperature sensor calibration value
6 Ox1FFF 3230 TS_CAL2, 85t temperature sensor calibration value
Store the configuration values of the corresponding FLASH_TSO 1
7 Ox1FFF 3238
FLASH_TS1 and FLASH_TS3 registers at the HSI 4 MHz frequency
Store the configuration values of the corresponding FLASH_TS2P and
8 Ox1FFF 3240 )
FLASH_TPS3 registers at the HSI 4 MHz frequency
Store the configuration value of the corresponding FLASH_PERTPE register at
9 Ox1FFF 3248
0 the HSI 4 MHz frequency
Store the configuration value of the corresponding FLASH_ SMERTPE register
10 Ox1FFF 3250
at the HSI 4MHz frequency
Store the configuration values of the corresponding FLASH_P RGTPE and
11 Ox1FFF 3258 .
FLASH_PRETPE registers at the HSI 4 MHz frequency
Store the configuration values of the corresponding FLASH_TSO 1
12 Ox1FFF 3260
FLASH_TS1 and FLASH_TS3 registers at the HSI 8 MHz frequency
Store the configuration values of the corresponding FLASH_TS2P and
13 Ox1FFF 3268 )
FLASH_TPS3 registers at the HSI 8 MHz frequency
Store the configuration value of the corresponding FLASH_PERTPE register
14 Ox1FFF 3270
at the HSI 8 MHz frequency
Store the configuration value of the corresponding FLASH_ SMERTPE register
15 Ox1FFF 3278
at the HSI 8 MHz frequency
Store the configuration values of the corresponding FLASH_PRGTPE and
16 Ox1FFF 3280 )
FLASH_PRETPE registers at the HSI 8 MHz frequency
Store the configuration values of the corresponding FLASH_TSO 1
17 Ox1FFF 3288
FLASH_TS1 and FLASH_TS3 registers at the HSI 16 MHz frequency
Store the configuration values of the corresponding FLASH_TS2P and
18 Ox1FFF 3290 .
FLASH_TPS3 registers at the HSI 16 MHz frequency
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Store the configuration value of the corresponding FLASH_PERTPE register at

19 Ox1FFF 3298
the HSI 16 MHz frequency
Store the configuration value of the corresponding FLASH_ SMERTPE register
20 Ox1FFF 32A0
at the HSI 16 MHz frequency
Store the configuration values of the corresponding FLASH_P RGTPE and
21 Ox1FFF 32A8 .
FLASH_PRETPE registers at the HSI 16 MHz frequency
Store the configuration values of the corresponding FLASH_TSO 1
22 Ox1FFF 32B0
FLASH_TS1 and FLASH_TS3 registers at the HSI 22.12 MHz frequency
Store the configuration values of the corresponding FLASH_TS2P and
23 Ox1FFF 32B8 i
FLASH_TPS3 registers at the HSI 22.12 MHz frequency
Store the configuration value of the corresponding FLASH_PERTPE register at
24 Ox1FFF 32C0
the HSI 22.12 MHz frequency
Store the configuration value of the corresponding FLASH_ SMERTPE register
25 Ox1FFF 32C8
at the HSI 22.12 MHz frequency
Store the configuration values of the corresponding FLASH_P RGTPE and
26 Ox1FFF 32D0 .
FLASH_PRETPE registers at the HSI 22.12 MHz frequency
Store the configuration values of the corresponding FLASH_TSO 1
27 Ox1FFF 32D8
FLASH_TS1 and FLASH_TS3 registers at the HSI 24 MHz frequency
Store the configuration values of the corresponding FLASH_TS2P and
28 Ox1FFF 32E0 )
FLASH_TPS3 registers at the HSI 2 4MHz frequency
Store the configuration value of the corresponding FLASH_PERTPE register at
29 Ox1FFF 32E8
the HSI 24 MHz frequency
Store the configuration value of the corresponding FLASH_ SMERTPE register
30 Ox1FFF 32F0
at the frequency of HSI 24 MHz frequency
Store the configuration values of the corresponding FLASH_PRGTPE and
31 Ox1FFF 32F8 .
FLASH_PRETPE registers at the HSI 24 MHz frequency
4.4.1. HSI_TRIMMING_FOR_USER
Address: Ox1FFF 3200~0x1FFF 3220
31 30 29 28 27 26 25 24 23 22 21 20 19 18 | 17 | 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res HSI_FS[2:0]
R R R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | Res HSI_TRIM[12:0]
RIR‘R‘R ‘R ‘R‘R‘R‘R‘R‘RIRIR
The software needs to read data from this address, and then write to HSI_FS[2:0] and
HSI_TRIM[12:0] corresponding to the RCC_ICSCR register to change the HSI frequency.
4.4.2. Calibration value of temperature sensor
Address: Ox1FFF 3228(30t ) Ox1FFF 3230(85t )
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res
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15 14 13 12 11 10 6 4 3 2 1 0
Res | Res | Res | Res Res
TScal[11:0]
Software needs to read data from this address.
4.4.3. HSI_4 M/8 M/16 M/22.12 M/24 M_EPPARAO
Address: Ox1FFF 3238(4 MHz) Ox1FFF 3260(8 MHz) Ox1FFF 3288(16 MHz) Ox1FFF
32B0(22.12 MHz) Ox1FFF 32D8(24 MHz)
31 30 29 28 27 26 25 24‘23‘22|21‘20‘19|18|17|16
Res Res Res Res Res Res Res TS1[8:0]
R R R R R R R R R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TS3[7:0] TSO0[7:0]
R‘RIRIR‘R‘R‘R‘R R‘R‘R‘R‘R‘R‘R‘R
The software needs to set the HSI clock frequency according to the need, choose to read the data
from the corresponding address, and then write the FLASH_TSO, FLASH_TS1, FLASH_TS3 regis-
ters to realize the configuration of the erasing and programming time required by the corresponding
HSI frequency.
4.4.4. HSI_4 M/8 M/16 M/22.12 M/24 M_EPPARAL1
Address: Ox1FFF 3240(4 MHz) Ox1FFF 3268(8 MHz) Ox1FFF 3290(16 MHz) Ox1FFF
32B8(22.12 MHz) Ox1FFF 32E0(24 MHz)
31 30 29 28 27 26‘25‘24‘23‘22|21‘20‘19|18|17|16
Res Res Res Res Res TPS3[10:0]
R R R R R R R R R R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res Res Res Res Res Res | Res Res TS2P[7:0]
R‘R‘R‘R‘R‘RIRI R
The software needs to set the HSI clock frequency according to the need, choose to read the data
from the corresponding address, and then write the FLASH_TS2P and FLASH_TPS3 registers to
realize the configuration of the erasing and programming time required for the corresponding HSI
frequency.
4.45. HSI_4 M/8 M/16 M/22.12 M/24 M_EPPARAZ2
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Address: Ox1FFF 3248(4 MHz) Ox1FFF 3270(8 MHz) Ox1FFF 3298(16 MHz) Ox1FFF

32C0(22.12 MHz) Ox1FFF 32E8(24 MHz)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PERTPE
Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res [16]
R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PERTPE[15:0]

R‘RIR‘RIR‘RIR ‘R IR‘R‘RIR‘RIR‘RI R
The software needs to set the HSI clock frequency according to the need, choose to read the data
from the corresponding address, and then write it into the FLASH_PERTPE register to realize the
configuration of the erasing and programming time required for the corresponding HSI frequency.

4.4.6. HSI_4 M/8 M/16 M/22.12 M/24 M_EPPARA3
Address: Ox1FFF 3250(4 MHz) Ox1FFF 3278(8 MHz) Ox1FFF 32A0(16 MHz) Ox1FFF
32C8(22.12 MHz) Ox1FFF 32F0(24 MHz)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

SMER
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res
TPE[16]
R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMERTPE[15:0]

R‘R‘R‘R‘R‘R‘R ‘R ‘R‘R‘R‘R‘R‘R‘R‘ R
The software needs to set the HSI clock frequency according to the need, choose to read the data
from the corresponding address, and then write it into the FLASH_SMERTPE register to realize the
configuration of the erasing and programming time required for the corresponding HSI frequency.

4.4.7. HSI 4 M/8 M/16 M/22.12 M/24 M_EPPARA4
Address: Ox1FFF 3258(4 MHz) Ox1FFF 3280(8 MHz) Ox1FFF 32A8(16 MHz) Ox1FFF
32D0(22.12 MHz) Ox1FFF 32F8(24 MHz)

31 30 29 28 27 26‘25‘24‘23‘22‘21‘20‘19‘18|17‘16

Res Res Res Res Res PRETPE[11:0]
R R R R R R R R R R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PRGTPE[15:0]
R‘R‘R‘R‘R‘R‘R‘R‘R‘R‘R‘R‘R‘R’R‘ R
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4.5.

45.1.

The software needs to set the HSI clock frequency according to the need, choose to read the data
from the corresponding address, and then write it into the FLASH_PRGTPE and FLASH_PRETPE
registers to realize the configuration of the erasing and programming time required for the corre-

sponding HSI frequency.

Flash protection
The protection of Flash main memory includes the following mechanisms:
A Software design kit (SDK) is used to protect access to specific program areas, and the granularity
is 4 KBytes.
A Read protection (RDP) is used to prevent access from outside.
A Wrtie protection (WRP) control is used to prevent unwanted writes (due to confusion of the program
memory pointer PC). The granularity of write protection is designed to be 8 KBytes.
A Option byte write protection, special unlocking design.
Flash software development kit (SDK) area protection
The protection area is defined by SDKR _STRT[4:0], SDKR_END[4:0] of the FLASH_SDKR register,
and each bit corresponds to 4 KBytes.
Start address
FLASH memory base address + SDK_STRT[4:0] x 0x1000(included)
End address
FLASH memory base address + (SDK_END[4:0]+1) x 0x1000(excluded)
When SDK _STRT[4:0] is greater than SDK_ENDI[4:0], SDK protection is invalid. When SDK
_STRTI[4:0] is less than or equal to SDK _ENDI[4:0], SDK protection is effective.
When the protection is in effect, when the FLASH_SDKR register is unprotected (writing SDK
_STRT[4:0] is greater than SDK_ENDI[4:0]), the hardware will first trigger mass erase (the protected
program in the SDK area has been written before, and the mass erase is used to protect the program

in the SDK area), and then the value of the SDK option in the Flash option byte is updated (the updated

value at this time is that the SDK protection is invalid).
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At this time, the content of the FLASH_SDKR register will not be updated, until the power-on reset (P
OR/BOR/PDR) or OBL reset, the register content will be loaded from the SDK option in the Flash
option byte into the register.

4.5.2. Flash read protection
By setting RDP option byte, and perform system reset (POR/BOR or OPL reset) to load a new RDP
option byte to activate the read protection function. RDP protects main Flah memory, option byte, and
SRAM.
If the read protection is set while the debug by SWD is still connected, a power-on reset is required
instead of a system reset.
Whenthe RDP optionbytea nd t he t eneid sodecexisnipthe option byte, the Flash

memory will be protected.

Tab4=F|l ash read protection status

RDP byte value RDP complemented byte value Read protection level
OxAA 0x55 Level 0
Any value except the combination of (OxAA and 0x55) Level 1

Regardless of any protection level, system memory is access only read and program and erase op-
erations cannot be performed.
Level 0: no protection

To read, program and erase the main Flash memory, as well as any operation to the option byte.
Level 1: Read protection
When the RDP and its t wo dgecontaimank eom@nation ratherttatn e opt i on
OXAA, 0x55, the level 1 read protection takes effect, and the level 1 is the default protection level.
A User mode: The program executed in user mode (boot from main Flash memory) can perform all

operations on main Flash and option byte.

A Debug, boot from SRAM, and boot from system memory mode (Boot loader): In debug mode, or

when booting from SRAM or system boot from SRAM or system memory (Boot loader), main flash
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is not accessible. In these modes, read or write access to main flash generates a bus error, and

a hard fault interrupt.

When it is already at Level 1 (any number rather than 0xAA), changing to Level 0 by programming

O0xAA, the hardware will perform a mass erase operation on the main Flash memory.

Tab4&The relationship bandvepmotectisen sltavels and
SD Boot From Main Flash(CPU) Debug/
T K excuted From
User execution
Are User execution RAM/ DMA
D (From Non SDK
a (From SDK Area) excuted From Sys-
Pro- Area)
Area Pro- tem memory
tec-
) tec-
tion ) ] ) ) ]
| | tion | Rea | Writ | Eras | Rea | Writ | Eras | Rea | Writ | Eras | Rea | Writ | Eras
eve
leve d e e d e e d e e d e e
I
Dis-
Non b Yes Yes Yes N/A N/A N/A Yes Yes Yes Yes No No
able
SDK
En-
Area bl Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No No
able
0 5
is-
N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
SDK able
Area En-
No No No Yes Yes Yes No No No No No No
able
Dis-
Non bl Yes Yes Yes N/A N/A N/A No No No No No No
able
SDK
En-
Area bl Yes Yes Yes Yes Yes Yes No No No No No No
able
1 .
Dis-
N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
SDK able
Area En-
No No No Yes Yes Yes No No No No No No
able
Sys- Dis-
Yes No No N/A N/A N/A Yes No No No No No
tem able
X
memor En-
Yes No No Yes No No Yes No No No No No
y able
Dis-
Option bl Yes | Yes Yes N/A | N/A N/A Yes | Yes Yes No No No
able
bytes X =
n_
area b Yes Yes Yes Yes | Yes Yes Yes | Yes Yes No No No
able
Dis-
X bl Yes No No N/A N/A N/A Yes No No No No No
able

51/913

e X e



PY32F07X Reference Manual

SD Boot From Main Flash(CPU) Debug/
T K excuted From
User execution
Are User execution RAM/ DMA
D (From Non SDK
a (From SDK Area) excuted From Sys-
Pro- Area)
Area Pro- tem memory
tec-
) tec-
tion ) ) ) ) )
— tion | Rea | Writ | Eras | Rea | Writ | Eras | Rea | Writ | Eras | Rea | Writ | Eras
eve
leve d e e d e e d e e d e e
I
Fac-
En-
tory bl Yes No No Yes No No Yes No No No No No
able
bytes
Dis-
bl Yes No No N/A N/A N/A Yes No No No No No
able
uiD X
En-
b Yes No No Yes No No Yes No No No No No
able

1. Mass erase command issued from any area will erase the SDK area.

2. Any modification of level 1 to level O will trigger the hardware mass erase of the main Flash memory.

3. The meaning of N/A is that when the SDK Area is disabled, since there is no SDK Area, no situation in

which programs can be read out from the SDK Area in the above table, and no situation in which the

programs read out from other areas can access the SDK Area.

4. There are two cases for executing programs from SRAM or system memory: one is Boot from, the other

is boot from other memory, and the program jumps to SRAM or system memory.

4.5.3.

4.5.4.

Flash write protection

Flash can be set to be write-protected against unwanted writes. Define the control granularity of each

bit of the WRP register as a write protection (WRP) area of 8 KBytes, that is, the size of 1 sector. See

the description of the WRP register for details.

When the WRP area is activated, erase or program operations are not allowed. Accordingly, the mass

erase function does not work even if only one area is set as write-protected.

In addition, if an attempt is made to erase or program a write-protected area, the write -protection error

flag (WRPERR) of the FLASH_SR register will be set.

Note: Write protection only works on main Flash, and read doesn't work on system memory.

Option byte write protection
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By default, Option bytes are readable and write-protected. To gain erase or program access to option

bytes, the correct sequence needs to be written to the OPTKEYR register.

4.6. Flash interrupt

Tab4-7#Fl ash interrupt request

Interrupt event Event flag Time stamp/interrupt clear method Control bit enable
End of operation EOP Write EOP = 1 EOPIE
Write protection WRPERR Write WRPERR =1 ERRIE

The following events do not have a separate interrupt flag, but will generate a Hard fault:
A Sequence error of FLASH_CR register of unlock Flash memory.

A Unlock Flash option bytes write sequence error.

A  Flash program operation is not aligned with 32-bit data.

>

Flash erase (including page erase, sector erase and mass erase) operations do not perform 32-

bit data alignment.

A To the option byte register is not aligned with 32-bit data.

4.7. Flash register description
4.7.1. FLASH access control register (FLASH_ACR)
Address offset: 0x00

Reset value: 0x0000 0700

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res Res Res Res Res | Res | Res | Res | Res | Res | Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res | Res | Res | Res | Res Res Res Res Res | Res | Res | Res | Res | Res LATENCY
RW

Bit Name R/W Reset Value Function
31:2 Reserved - - -

The wait state corresponding to the read operation:

00:There is no wait state for Flash read operatione SYS-

CLK<=24 MHz(
1:0 LATENCYJ[1:0] RW 0

01:The Flash read operation has one wait state, which is

two system clock cycles are required for each Flash read

€ 24 MHz <SYSCLK<=48 MHz{

53/913



PY32F07X Reference Manual

Bit Name R/W Reset Value Function

10:The Flash read operation has two wait state, which is

four system clock cycles are required for each Flash read

€ 48 MHz <SYSCLK<=72 MHz(

11:Reserved

4.7.2. FLASH key register (FLASH_KEYR)
Address offset: 0x08
Reset value: 0x0000 0000

All register bits are write-only and read as 0.

31|30|29‘28‘27‘26'25'24‘23‘22‘21‘20|19|18|17‘16
KEY[31:16]

w | w w w w w w w w | w | w w w W | w w
15 | 14 | 13 12 11 10 9 8 7 6 5 4 3 2 1 0
KEY[15:0]
WIWIW‘W‘W‘W‘W‘W‘W‘W‘W‘W‘W‘WIW‘W

Bit Name R/W Reset Value Function

The following values must be written consecutively to un-
lock the FLASH_CR register and enable the program/erase
31:0 KEY[31:0] w 0x0000 0000 | operation of the Flash

KEY1: 0x4567 0123

KEY2: OXCDEF 89AB

4.7.3. FLASH option key register (FLASH_OPTKEYR)
Address offset: Ox0C
Reset value: 0x0000 0000

All register bits are write-only and read as 0.

31130‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20‘19‘18‘17|16
OPTKEY[31:16]
wlwlw ] [ wI lw ] [ wI lwI [w I [w]l]wI l[w] [w] ]wI]w/ [w][ w

15 | 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OPTKEY[15:0]
W‘W‘W‘W‘W‘W‘W‘W‘W‘W‘W‘W’W’W‘W’W

Bit Name R/W Reset Value Function

The following values must be written consecutively to
unlock the option register of the Flash and enable the
31:.0 OPTKEY[31:0] w 0x0000 0000 . )
program/erase operation of the option byte

KEY1: 0x0819 2A3B
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Bit Name R/W Reset Value Function
KEY2: 0x4C5D 6E7F

4.7.4. FLASH status register (FLASH_SR)
Address offset: 0x10

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res | Res | Res | Res | Res | Res | Res | Res | Res | Res Res Res | Res | Res BSY

R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OPTV WRP

Res | Res | Res | Res | Res | Res | Res | Res | Res | Res Res | Res | Res EOP

ERR ERR

RC_W
RC W1 RC W1 1
Bit Name R/W Reset Value Function
31:17 Reserved - - -

Busy bit

This bit indicates that the operation of the Flash is in pro-
16 BSY R 0 gress. This bit is set by hardware at the beginning of a
Flash operation, and is cleared by hardware when the op-

eration is completed or an error occurs.

Option and trimming bits loading validity error

when the option and tri mminrn
15 OPTVERR RC_W1 0 ments do not match. Load unmatched option bytes, co-
erced to safe values.

Software writes 1 to clear.

14:5 reserved - - -
Write protection error
This bit is set by hardware when the address to be pro-
4 WRPERR RC_W1 0 grammed/erased is in a write-protected Flash region
(WRP).
Software write 1 to clear this bit.
3:1 Reserved - - -
When the program/erase operation of the Flash completes
0 Eop RC W1 0 successfully. This bit is only set if the EOPIE bit in the

FLASH_CR register is enabled.

Software write 1 to clear this bit.

4.7.5. FLASH control register (FLASH_CR)
Address offset: 0x14

Reset value: 0xC000 0000
‘31‘ 30 ‘29‘28‘ 27 ‘26‘ 25 ‘ 24 ‘23‘22‘21‘20‘ 19 ‘ 18 ‘ 17 |16‘
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LOC OPT R | Re | OBL LA | R ERR EOP R R R | R OPT Re
PGSTRT Res
K LOCK | es S UNCH es IE IE es | es | es | es STRT S
RS RS RC_W1 RwW RW RwW RwW
15 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
R | Re R R R R|R
Res Res SER Res Res Res MER PER PG
es| s es es | es | es | es
R
RwW RwW RwW
W
_ Reset .
Bit Name R/W Function
Value

FLASH_CR Lock bit.

Software can only set this bit. When set, the FLASH_CR register
is locked. When the unlock timing is successfully given, this bit
is cleared by hardware, and the FLASH_CR register is un-
31 Lock RS 1 locked.

The software should set this bit after the program/erase opera-
tion is completed.

When an unsuccessful unlock sequence is given, this bit re-

mains set until the next system reset.

Option bytes Lock bit.

Software can only set this bit. When set, the bits related to op-
tion bytes in the FLASH_CR register are locked. When the un-
lock timing is successfully given, this bit is cleared by hardware,
30 OPTLOCK RS 1 and the FLASH_CR register is unlocked.

The software should set this bit after the program/erase opera-
tion is completed.

When an unsuccessful unlock sequence is given, this bit re-

mains set until the next system reset.

29:28 Reserved - - -
Force the option bytes loading.
When set, this bit forces the system to perform a reload of option
bytes. This bit is only cleared by hardware when the option byte
o OBL_LAUNCH RC.W1 0 load has been completed. This bit cannot be written if the OPT-

LOCK bit is set.
0: Option byte loading completed
1: Option byte loading request is generated, the system resets,

and the option byte is reloaded.

Error interrupt enable bit, when the WRPERR bit in the
FLASH_SR register is set, if this bit is enabled, an interrupt re-
25 ERRIE RW 0 quest is generated.

0: No interrupt is generated

1: An interrupt is generated

24 EOPIE RW 0 End of operation interrupt enable
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Bit

Name

R/W

Reset
Value

Function

This bit enables interrupt generation when the EOP bit in the
FLASH_SR register is set.

0: EOP interrupt disabled

1: EOP interrupt enable

23:18

Reserved

RW

19

PGSTRT

RW

The start bit of the program operation of the Flash main memory.
Program operation of the main Flash memory, and is set by
software. After the BSY bit of the FLASH_SR register is
cleared, the hardware clears this bit.

18

Reserved

17

OPTSTRT

RW

Flash option bytes modified start bit

This bit initiates modification of option bytes. Set by software
and cleared by hardware after the BSY bit in the FLASH_SR
register is cleared.

Note: When modifying the Flash option bytes, the hardware

will automatically perform the erase operation on the entire

page of 128 bytes, and then perform the program operation,
which also includes the auton
ment code.

16:12

Reserved

11

SER

RW

4 kbyte Sector erase operation

0: Sector erase operation of Flash is not selected

1: Select the sector erases operation of Flash

Note:

- Sector erase will not work on Flash information memory

- Sector erase has no effect on areas set to WRP.

10:3

Reserved

MER

RW

Mass erase operation

0: Mass erase operation of Flash is not selected

1: Select the mass erases operation of Flash

Note:

Mass erase will not work on Flash information memory. Mass

erase does not work when WRP is set

PER

RW

Page erase operation
0: Page erase operation of the Flash is not selected

1: Select the page erase operation of Flash

PG

RW

Program operation
0: Program operation of Flash is not selected

1: Select the program operation of Flash

4.7.6.

FLASH option register (FLASH_OPTR)

Address offset: 0x20

Reset value: 0x0000 xxxx
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After the power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding value is read

from the option bytes area of the Flash in formation memory and written to the corresponding option

bit of the register.

31 30 29 28 27 26 | 25|24 |23 |22 |21|20 |19 | 18 | 17 .
RIR|IR|IR|R|R|R|R|R|R|R
Res Res Res Res Res
es|es|es|es|es|es|es|es|es|es|es
15 14 13 12 11 100(9 | 8| 7|6 | 5|43 |]2|1]|O0
IWDG_ST NRST_ | WWDG_ R|R|R
nBOOT1 IWDG_SW RDP[7:0]
OoP MODE SW es | es | es
RIR|IR|R|R|R|R|R
RW RW RW RW RW
W IWIW| W | W |W|W]|W
. Reset .
Bit Name R/W Function
Value
31:16 Reserved - - -
Set iwdg timer running state in stop mode
15 IWDG_STOP RW 1 0:freze timer
1: normal operation
14 nBOOT1 RW 1 Select the boot mode with the BOOT PIN
0: Reset input only
13 NRST_MODE RW 0 )
1: GPIO: GPIO function
0: Hardware watchdog
12 WWDG_SW RW 1
1: Software watchdog
0: Hardware watchdog
11 IWDG_SW RW 1
1: Software watchdog
10:8 Reserved - - -
OxAA: level 0, read protection inactive
7:0 RDP RW OxAA ) ]
Non OxAA: level 1, read protection active
4.7.7. FLASH SDK address register (FLASH_SDKR)

Address offset: 0x24

Reset value: OXXxXx XXXx

After the power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding value is read

from the option bytes area of the Flash information memory and written to the corresponding option

bit of the register.

31 30

29 28

27

26 25

24

23

22 21 20 19 18 17 16

Res | Res

Res | Res

Res

Res | Res

Res

Res

Res Res Res | Res | Res | Res Res
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15 | 14 | 13 12‘11‘10‘9876 5 4‘3‘2‘1|0
BOR_LEV[2:0] SA_END[4:0] Res | Res | BOR_EN SA_STRT[4:0]
RW RWIRW‘RW‘RW‘RW RW RW‘RW‘RW‘RWIRW
Bit Name R/W Reset Function
Value
31:16 Reserved - - -
000: BOR rising threshold is 1.8 V, falling threshold is 1.7 V
001: BOR rising threshold is 2.0 V, falling threshold is 1.9 V
010: BOR rising threshold is 2.2 V, falling threshold is 2.1 V
1513 BOR_LEV[2:0] RW 011: BOR rising threshold is 2.4V, falling threshold fs 23V
100: BOR rising threshold is 2.6 V, falling threshold is 2.5 V
101: BOR rising threshold is 2.8 V, falling threshold is 2.7 V
110: BOR rising threshold is 3.0 V, falling threshold is 2.9 V
111: BOR rising threshold is 3.2 V, falling threshold is 3.1 V
128 SDK_END[4:0] RW SDK area end addres, each corresponding STEP is 4
KBytes
7:6 Reserved - - -
BOR enable
5 BOR_EN RW 0: BOR is not enabled
1: BOR is enabled, BOR_LEV works
40 SDK_STRT[4:0] RW SDK area start address, each corresponding STEP is 4
KBytes
4.7.8. FLASH WRP address register (FLASH_WRPR)
Address offset: 0x2C
Reset value: 0x0000 XXXX
After the power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding value is read
from the option bytes area of the Flash in formation memory and written to the corresponding option
bit of the register.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res Res | Res | Res | Res Res | Res | Res | Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WRPJ[15:0]
RW‘RW‘RW‘RW‘RW‘RW‘RW ‘RW ‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘ RW

Bit

Name

R/W

Reset

Value

Function

31:16

Reserved
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Bit Name R/W Reset Function
Value

0: Sector 15, with write protection, program and erase are
15 WRP RW 1 not allowed

1: Sector 15, no write protection

0: Sector 14, with write protection, program and erase are
14 WRP RW 1 not allowed

1: Sector 14, no write protection

0: Sector 13, with write protection, program and erase are
13 WRP RW 1 not allowed

1: Sector 13, no write protection

0: Sector 12, with write protection, program and erase are
12 WRP RW 1 not allowed

1: Sector 12, no write protection

0: Sector 11, with write protection, program and erase are
11 WRP RW 1 not allowed
1: Sector 11, no write protection

0: Sector 10, with write protection, program and erase are
10 WRP RW 1 not allowed
1: Sector 10, no write protection

0: Sector 9, with write protection, program and erase are
9 WRP RW 1 not allowed
1: Sector 9, no write protection

0: Sector 8, with write protection, program and erase are
8 WRP RW 1 not allowed
1: Sector 8, no write protection

0: Sector 7, with write protection, program and erase are
7 WRP RW 1 not allowed
1: Sector 7, no write protection

0: Sector 6, with write protection, program and erase are
6 WRP RW 1 not allowed

1: Sector 6, no write protection

0: Sector 5, with write protection, program and erase are
5 WRP RW 1 not allowed

1: Sector 5, no write protection

0: Sector 4, with write protection, program and erase are
4 WRP RW 1 not allowed

1: Sector 4, no write protection

0: Sector 3, with write protection, program and erase are
3 WRP RW 1 not allowed

1: Sector 3, no write protection

0: Sector 2, with write protection, program and erase are
2 WRP RW 1 not allowed
1: Sector 2, no write protection

0: Sector 1, with write protection, program and erase are
1 WRP RW 1
not allowed
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Bit Name R/W Reset Function
Value
1: Sector 1, no write protection
0: Sector 0, with write protection, program and erase are
0 WRP RW 1 not allowed
1: Sector 0, no write protection
4.7.9. FLASH sleep time configuration register (FLASH_STCR)
Address offset: 0x90
Reset value: 0x0000 6400
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SLEEP_TIME[7:0] Res | Res | Res | Res | Res | Res | Res | SLEEP_EN
RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW RW
Bit Name R/W Reset Function
Value
31:8 Reserved - - -
FLASH sleep time count (counter based on HSI_10M clock)
When the system clock selects LSI or LSE, in order to ob-
tain more optimized power consumption in Run mode,
which can use the function of this register (it is only recom-
mended to use this function when LSI or LSE is the system
15:8 SLEEP_TIME RW 0x64 clock).
When this function is enabled, the time width of the Flash
in the Sleep state in each half system clock low period is:
tusi_1om *SLEEP_TIME
Note :
tusi_1om is the period of HSI_10M.
71 Reserved - - -
FLASH Sleep enable
0 SLEEP_EN RW 0 l:enable flash sleep
O:disable flash sleep

4.7.10. FLASH TSO register (FLASH_TSO0)
Address offset: 0x100

Reset value: 0x0000 00B4

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Res | Res | Res | Res | Res | Res | Res | Res TSO
RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW

. Reset .
Bit Name R/W Function
Value

31:8 Reserved - - -
The software reads out the data stored at the correspond-

ing address in the information area and writes it to the cor-
responding register to configure the erase/write time re-
quired for the corresponding HSI frequency.

The data is stored in the following address in the Flash:
4MHz : Ox1FFF 3240

8MHz : Ox1FFF 3268

16MHz : Ox1FFF 3290

22.12MHz : Ox1FFF 32B8

24MHz : OX1FFF 32E0

7:0 TSO RW 0xB4

4.7.11. FLASH TS1 register (FLASH_TS1)
Address offset: 0x104

Reset value: 0x0000 01BO
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res Res | Res Res | Res | Res | Res Res | Res | Res Res | Res | Res Res | Res Res

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res Res | Res Res | Res | Res | Res TS1
RW

RW‘RW‘RW‘RW‘RW‘RWIRWIRW

. Reset .
Bit Name R/W Function
Value

31:9 Reserved - - -

The software reads out the data stored at the correspond-
ing address in the information area and writes it to the cor-
responding register to configure the erase/write time re-
quired for the corresponding HSI frequency.

The data is stored in the following address in the Flash:
4MHz : Ox1FFF 3240

8MHz : Ox1FFF 3268

16MHz : Ox1FFF 3290

22.12MHz : OX1FFF 32B8

24MHz : Ox1FFF 32E0

8:0 TS1 RW 0x1BO

4.7.12. FLASH TS2P register (FLASH_TS2P)

Address offset: 0x108
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Reset value: 0x0000 00B4

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | Res | Res | Res | Res | Res | Res TS2P
RW‘RW‘RWIRWIRW‘RWIRWIRW
Bit Name R/W Reset Function
Value
31:8 Reserved - - -
The software reads out the data stored at the correspond-
ing address in the information area and writes it to the cor-
responding register to configure the erase/write time re-
quired for the corresponding HSI frequency.
70 TSP RW oxB4 The data is stored in the following address in the Flash:
4MHz : Ox1FFF 3240
8MHz : Ox1FFF 3268
16MHz : Ox1FFF 3290
22.12MHz : Ox1FFF 32B8
24MHz : OX1FFF 32EO

4.7.13. FLASH TPS3 register (FLASH_TPS3)

Address offset: 0x10C

Reset value: 0x0000 06CO

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | Res | Res | Res TPS3
RW‘RW ‘RW ‘RW‘RW‘RW‘RW‘RW‘RWIRWIRW
Bit Name R/W Reset Function
Value

31:11 Reserved - - -

The software reads out the data stored at the correspond-

ing address in the information area and writes it to the cor-

responding register to configure the erase/write time re-
10:0 TPS3 RW 0x6CO0 quired for the corresponding HSI frequency.

The data is stored in the following address in the Flash:

4MHz : Ox1FFF 3240

8MHz : Ox1FFF 3268
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16MHz : OX1FFF 3290
22.12MHz : Ox1FFF 32B8
24MHz : Ox1FFF 32E0

4.7.14. FLASH TS3 register (FLASH_TS3)
Address offset: 0x110

Reset value: 0x0000 00B4
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res Res Res Res Res Res Res Res TS3
RW‘RW‘RW‘RW‘RWIRW‘RWIRW

. Reset .
Bit Name R/W Function
Value

31:8 Reserved - - -
The software reads out the data stored at the correspond-

ing address in the information area and writes it to the cor-
responding register to configure the erase/write time re-
quired for the corresponding HSI frequency.

The data is stored in the following address in the Flash:
4MHz : Ox1FFF 3238

8MHz : Ox1FFF 3260

16MHz : Ox1FFF 3288

22.12MHz : Ox1FFF 32B0

24MHz : OX1FFF 32D8

7:0 TS3 RW 0xB4

4.7.15. FLASH page erase TPE register (FLASH_PERTPE)
Address offset: 0x114

Reset value: 0x0001 4820

31 [ 30 [ 29 [ 28 [ 27 | 26 | 25 [ 24 | 23 [ 22 [ 21 | 20 | 19 | 18 | 17 16

Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | PERTPE

RW

15 | 14 | 13 | 12 | 112 | 10 9 8 7 6 5 4 3 2 1 0
PERTPE

RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘ RW

Reset
Bit Name R/W Function
Value

31:17 Reserved - - -
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The software reads out the data stored at the correspond-
ing address in the information area and writes it to the cor-
responding register to configure the erase/write time re-
quired for the corresponding HSI frequency.

The data is stored in the following address in the Flash:
4MHz : Ox1FFF 3248

8MHz : OX1FFF 3270

16MHz : Ox1FFF 3298

22.12MHz : Ox1FFF 32CO0

24MHz : OX1FFF 32E8

16:0 PERTPE RW 0x14820

4.7.16. FLASH sector/mass erase TPE register (FLASH_SMERTPE)
Address offset: 0x118

Reset value: 0x0001 4820

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | SMERTPE
RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMERTPE
RW‘RWIRWIRW‘RWIRW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RWI RW
Bit Name R/W Reset Value Function
31:17 Reserved - - -

The software reads out the data stored at the correspond-
ing address in the information area and writes it to the cor-
responding register to configure the erase/write time re-
quired for the corresponding HSI frequency.

The data is stored in the following address in the Flash:
4MHz : Ox1FFF 3250

8MHz : Ox1FFF 3278

16MHz : Ox1FFF 32A0

22.12MHz : Ox1FFF 32C8

24MHz : OX1FFF 32F0

16:0 SMERTPE RW 0x14820

4.7.17. FLASH PROGRAM TPE register (FLASH_PRGTPE)
Address offset: 0x11C

Reset value: 0x0000 5DCO
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PRGTPE
RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW’RW’RW‘RW’RW’RW
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. Reset .
Bit Name R/W Function
Value

31:16 Reserved - - -

The software reads out the data stored at the correspond-

ing address in the information area and writes it to the cor-
responding register to configure the erase/write time re-
quired for the corresponding HSI frequency.

The data is stored in the following address in the Flash:
4MHz : Ox1FFF 3258

8MHz : Ox1FFF 3280

16MHz : OX1FFF 32A8

22.12MHz : Ox1FFF 32D0

24MHz : OX1FFF 32F8

15:0 PRGTPE RW 0x5DCO

4.7.18. FLASH pre-program TPE register (FLASH_PRETPE)
Address offset: 0x120

Reset value: 0x0000 12CO0
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res PRETPE[13:0]
RW‘RW‘RW‘RW‘RW ‘RW ‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW

Bit Name R/W Reset Function
Value
31:14 Reserved - - -

The software reads out the data stored at the correspond-

ing address in the information area and writes it to the cor-
responding register to configure the erase/write time re-
quired for the corresponding HSI frequency.

The data is stored in the following address in the Flash:
4MHz : Ox1FFF 3258

8MHz : Ox1FFF 3280

16MHz : OX1FFF 32A8

22.12MHz : Ox1FFF 32D0

24MHz : OX1FFF 32F8

13:0 PRETPE RW 0x12CO0

4.7.19. FLASH register map
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5. Power control

5.1. Power supply

5.1.1. Power block diagram

VCCA domain
STS
O S [a)
~ 3 >[saR
VREFP——] ADC E ogic [¢
——VREFN—] oge 1
Ve =
o8
VSSA_———— > % >
PMU FLASH ©
vssaA—{ DAGCMP E <
VCCA OPALCD <
VREFBUF
HSJLSI 1
LSEHSE HF;LILIE) 4—’_
VDDD 3
VCCD domain | |
= s a)
0 = 3| VDDA .
o O £ a[vDbbD | Core
VCCB LDO > 05 » SRAM
VSSB— % » Digital peripherals
VvCC - N
VCCIO domain 4
vssz| [ g &= 8
> = 9 :
——Vvssie— 10 IO predriver| © [+
veel 3

Figure 5-1 Power block diagram

Tab3Power bl ock

No. Power supply Power value Describe

Power is provided to the chip through the power supply pins.

1 VCC 1.7V~55V The power supply modules are: part of the analog IP and 10
circuits.
Powering most of the analog modules comes from the
2 VCCA 1.7V~55V
VCCA PAD.
3 VCCIO 1.7V~55V Power supply to 10, from VCC PAD
The output from the VR supplies power to the main logic cir-
cuitry and SRAM inside the chip. When MR is powered, the
VDDx output is 1.2 V. When in stop mode, it can be powered by
4 1.2 v/1.0 V/0.9 V/0.8 V+10% . ) )
(vDDD/VDDA) MR or LPR depending on the software configuration, and the

LPR output is 1.2 V /1.0 V/ 0.9 V/ 0.8 V depending on the

software configuration.

5.2. Voltage regulator

The microcontroller designs two voltage regulators:
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5.3.

5.4.

5.4.1.

A Main regulator (MR) keeps working when the chip is in normal operating state.

A Low power regulator (LPR) provides a lower power consumption option in stop mode.

VDDx comes from MR or LPR depending on the working mode.

In run mode, MR keeps working, outputs is 1.2 V, and LPR is turned off.

In stop mode, it can be decided by software whether to supply from MR or LPR. Similarly, it is up to
the software to decide whether VDDx is 1.2V or 1.0 V or 0.9 V or 0.8 V for the LPR supply case after

entering stop.

Dynamic voltage value management

Dynamic voltage value management refers to adjusting the output VDDXx voltage of VR, to obtain cor-
responding performance and power consumption with different voltages according to application re-
quirements.

A Range 1: High performance range

The typically output of MR is 1.2 V (VDDXx), and the system clock frequency can run as fast as 48 MHz.
A Range 2: Low power range

Only in stop mode, it is allowed to enter the low power range, and the range only works for LPR.

By default, the output of LPR is 1.2 V (VDDXx) typical. When the VOS bit of the reset register is set, MR
switches to LPR power when the chip enters stop mode (if the software selects stop mode to be pow-
ered by LPR) and LPR is switched to 1.0 V (VDDx) typical. At this time, some of the logic circuits in
operation (LPTIMER) can run under LSI. In order to obtain lower power consumption in stop mode,
LPR can be switched to a lower value of 0.9 V/0.8 V (VDDXx). In this case, it is recommended to use
10 for the wake-up method.

When the chip exits the stop mode, the chip resumes MR power supply and the VOS bit is cleared
by hardware. The next time you enter stop mode, if you want to get lower power consumption, you
still have to set the VOS bit by software so that the chip enters stop mode with LPR power supply of

1.0 V and lower 0.9 V/0.8 V.

Power monitoring

Power-on reset (POR)/power-down reset (PDR)/brown-out reset (BOR)
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5.4.2.

The POR/PDR module is designed in the chip and placed under the VDD power domain to provide
power-on and power-off reset for the chip. The module keeps working in all modes.

In addition to POR/PDR, BOR (brown out reset) is also implemented. BOR can only be enabled and
disabled through the option byte.

When BOR is turned on, the BOR threshold can be selected by Option byte.

vcc

VBORRS

VBORF8

VBORR7

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr VBORF7
VBORR6

VBORF6

VBORR5
VBORF5

VBORR4
- VBORF4

VBORR3 |

., A A A iLA:ALS-PPMe VBORF3
VBORR2 |
————————————————— VBORF2

VBORR1

VBORF1
(V/1o] ) S

VPDR

v

tRSTTEMPO< >

Reset with BOR off:
tRSTTEMPO< >

Reset with BOR on
(VBORS8 VBOR1)

,,,,,,,,,,,,,,,,,,, POR/BOR rising thresholds
,,,,,,,,,,,,,,,,,,, PDR/BOR falling thresholds

Fi gb6-2BROR/ PDR/ BOR t hreshol d
Programmable voltage detector (PVD)
This module can be used to detect the VCC power supply (also can detect the voltage of the PB7 pin),
and the detection point can be configured through the register. When VCC is higher or lower than the
detection point of PVD, a corresponding flag is generated.
This event is internally connected to line 16 of EXTI, depending on the rising/falling edge configura-
tion of EXTI line 16, when VCC rises above the detection point of PVD, or VCC falls below the detec-
tion point of PVD, an interrupt is generated. In the service program, users can perform urgent shut-

down tasks.
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VCC
A
VPVDRX| 2
Configurable
hysteresis
VPVDFx \
PVD output
Fi gb8RVD t hreshol d
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6. Low-power control

By default, the microcontroller is in run mode after a system or a power reset. Several low-power modes
are available to save power when the CPU does not need to be kept running, for example when waiting
for an external event. Software can choose between power consumption, startup time, and wakeup
sources.

6.1. Low-power mode

6.1.1. Introduction to low-power modes

There are two low-power modes:

A Sleep mode: CPU Core clock off (NVIC, SysTick, etc. work), peripherals can be configured to
stay working. (It is recommended to enable only the modules that must work and turn off the
module when it is finished working).

A  Stop mode: In this mode, the contents of SRAM and registers are maintained, the high-speed
clock PLL, HSI and HSE are turned off, and the clocks of most modules in the VDD domain are
stopped.

In stop mode, LSI, LSE, RTC, LPTIMER, etc. can keep working. For details on the working conditions

of each module in this mode, refer to Table 6-2.

In the stop mode, the corresponding VR state can be controlled by software and set to MR or LPR

power supply. When the LPR power supply, the chip power consumption is greatly reduced, but the

wake-up time is longer; when the MR power supply is maintained, the chip power consumption is
higher, but it has a faster wake-up capability.

In addition, in run mode, the power consumption can be reduced by the following methods:

A Decrease system clock frequency

A For unused peripherals, turn off peripheral clocks (system clock and module clock)

In summary, the low-power mode transition diagram of this project is as follows.
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( stop )
A
A
e N
{ Run )
A
v
e N
{ Sleep )
Figbéfillkowower mode
6.1.2. Low-power mode switch
Tabé-Low power mode switch
Wake-up Voltage regulator
Mode Entry Wakeup Effects on the clock
clock MR LPR
Sleep WFI or Return from Any The CPU core clock is off
) ] Same as be-
(sleep-now ISR interruption ) and has no effect on
fore entering Oon® Close
or sleep- Wakeup other clocks and clock
) WFE sleep mode
on-exit) event sources.
HSI, HSE, PLL off;
Software
. LSI, LSE selectable on or )
SLEEPDEEP bit Any EXTI configura-
B _ _ HSISYS off; _
1" WFI Line config- ) tion
(HSI main- LPTIMER, RTC, IWDG: S
2  Return from | ured for ) ] Soft- switch, if
tains the fre- | configured by software to
ISR wake-up ware on, output
] quency con- | work or not; )
Stop 3~ WFE (EXTI regis- ) ] Configu- | voltage
] figuration be- | modules such as Low )
Note: The system ter configu- ) ration 1.2 V/1.0
) fore entering | Power Wakeup and par- )
clock switches to ration), . ) Switch V/0.9
STOP, no tial RCC remain opera-
HSI when entering IWDG reset, ) V/0.8 V
crossover) tional; ]
stop NRST ) configura-
Clocking off for the re- bl
e
maining modules.
1. The software must configure the VR state as MR mode to enter sleep mode.
6.1.3. Functions in each working mode
Tab6-2Functions in edé&h working mode
Stop
Peripheral Run Sleep VR@LPR or -
Wakeup ability
VR@MR
CPU Y - - -
Flash memory Y Y -a2p -

76/913



PY32F07X Reference Manual

Stop

Peripheral Run Sleep VR@LPR or

Wakeup ability
VR@MR

SRAM Qo % - 4p

Brown-out reset (BOR) (0] @)

PVD (0] o

DMA

HSI

HSE

PLL

LSI

ol ©

LSE

HSE Clock Security System (CSS)

LSE Clock Security System (CSS)

o| O
Oo| O

RTC

USART1/USART2/USART3/USART4

12C1/12C2

SPI1/SPI2

ADC

COMP1/COMP2/COMP3

OPA1/OPA2/0OPA3

Temperature sensor

DAC1/DAC2

UsB

CAN

O| O] O] O] O] O] O| O] O] O| O] O] O] O| O] O] O] O O] O] O x| <
O] O] O] O] O] O] O] O] O] O] O] O| O] O] O| O] O] O] O] O] O] <

LCD

Timers(TIML/TIM2/TIM3/TIM6/TIM7
[TIM14/TIM15/TIM16/TIM17)

(@)
o

LPTIM

IWDG

WWDG

SysTick timer

CRC

Ol O] O] O] O] O
O] O] O] O] O] O

GPIOs O @)

Y = Yes (enable), O = Optional (default disabled, can be enabled by software), - = Not available.

Flash is not powered off, but no clock is provided, and it enters the lowest power consumption state.
SRAM clock can be turned on or off.

The SRAM is not powered down, but no clock is provided and it enters the lowest power consumption state.
If LSE CSS is enabled before entering stop mode, the system will wake up and enter an NMI interrupt when

there is a problem with LSE CSS.
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6.2. Sleep mode

6.2.1. Entering sleep mode

The sleep mode is entered by executing the WFI (wait for interrupt) or WFE (wait for event) instructions.

Two option are available to select the sleep mode entry mechanism, depending on the SLEEPONEXIT

bit in the Cortex MO+ System Control Register.

is excuted.

ISR.

A  Sleep-now: If the SLEEPONEXIT bit is 0, to enter sleep mode as soon as WFI or WFE instruction

A  Sleep-on-exit: If the SLEEPONEXIT bitis 1, to enter sleep mode as soon as it exits the low priority

In the sleep mode, all 10 pins keep the same state as in the run mode.

6.2.2. Exiting sleep mode

If the WFI instruction is used to enter sleep mode, any peripheral interrupt acknowledged by NVIC can

wake up the device from sleep mode.

If the WFE instruction is used to enter sleep mode, the MCU exits sleep mode as soon as an event

occurs. The wakeup events can be generated in the following ways:

A Enable interrupts in the peripheral control register but not in the NVIC, and enabling the SEVON-

PEND bit in the Cortex MO+. When the MCU resumes from WFE, the peripheral interrupt pending

bit and the peripheral NVIC IRQ channel pending bit (in the NVIC interrupt clear pending register)

must be cleared.

A Or configuring an external or internal EXTI line in event mode. When the CPU resumes from WFE,

it is not necessary to clear the peripheral interrupt pending bit or the NVIC IRQ channel pending

bit corresponding to the event line is not set.

This mode offer the shortest wakeup time, and no time is wasted in interrupt entry and exit.

Tab6-3&S| e-epw

Sleep-now mode

Description

Mode entry

WFI or WFE while:
- SLEEPDEEP =0 and
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Sleep-now mode Description

- SLEEPONEXIT =0

Enter the sleep mode through WFI, the exit method is: interrupt.

Mode exit
Enter the sleep mode through WFE, the exit method is: wakeup event.
Wakeup latency None
Tab6-4S| eeep xi t
Sleep-on-exit Description
WFI while:
Mode entry - SLEEPDEEP =0 and
- SLEEPONEXIT =1
Mode exit Interrupt
Wakeup latency None
6.3. Stop mode
The stop mode is based on the Cortex-M0O+ deep sleep mode combined with peripheral clock gating,
and the VR can be configured as MR or LPR power supply. In stop mode, , HIS, HSE, PLL are turned
off, SRAM and register contents are kept in a state, LSI, LSE, LPTIMER, RTC, IWDG can be config-
ured by software whether to work, low-power wakeup and some RCC logic and so on, the clock inputs
to the digital blocks of the remaining VCORE domains are turned off.
In the stop mode, all 10 pins keep the same state as in the run mode.
6.3.1. Entering stop mode
To further reduce power consumption in stop mode, when PWR_CR.LPR = 1, VR can enter LPR to
supply power.
If Flash memory programming is ongoing, the stop mode entry is delayed until the memory access is
finished (the BSY bit of the FLASH_SR register is read by software to determine whether the current
erase and program operations have been completed).
If an access to the APB domain is ongoing, the stop mode entry is delayed until the APB access is
finished (controlled by software).
6.3.2. EXxiting stop mode

When exiting stop mode by issuing an interrupt or a wakeup event, the HSISYS oscillator is selected

as system clock.
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In stop mode, if VR is in LPR state, there is an additional stabilization delay for wakup in stop mode.

In stop mode, if VR is in MR state, the current consumption will be large, but the wakeup time will be

reduced.
Tab6-%2St op mode
Stop mode Description
WEFI (wait for interrupt) or WFE (wait for event) while:
- Configuration settings:
A Configure the LPR bit of PWR_CR, to select VR to work under MR or LPR.
A Configure the VOS bit of PWR_CR, to select LPR mode to provide 1.2 V, 1.0 V, 0.9 V, 0.8
V.
A Configure the FLS_SLPTIME of PWR_CR, to set wake-up time of Flash.
- Set the SLEEPDEEP bit of Cortex MO+
Note:
To enter stop mode, all EXTI line pending bits (EXTI_PR register), all peripheral interrupt pending
Mode entry bits and RTC alarm flags must be reset. Otherwise , the stop mode entry proceduce is ignored
and program execution continues.
If the application needs to disable HSE before entering stop mode, the system clock source must
be first switched to HSI and then clear the HSEON bit.
To make the change of chip power consumption as balanced as possible, the software needs to
follow the principle of gradual shutdown: gradually shut down the clock of each module, select HSI
as the system clock, close PLL and HSE.
To shorten the wakeup time, before entering the stop mode, the system clock should be configured
to select the HSI high-frequency clock, and the HPRE of the RCC_CFGR register is set to 0,
otherwise the hardware switching clock after wake-up will consume extra clocks.
If using WFI to enter stop mode:
A Any EXTI Line configured in interrupt mode (the corresponding EXTI interrupt vector must be
Mode exit erTabIed in the NVIC).
If using WFE to enter stop mode:
A Any EXTI Line configured in event mode.
A Interrupt pending bit when the CPU SEVONPEND bit is set.
Wakeup latency LPR to MR wakeup time + HSI wakeup time + Flash wakeup time

6.4. Decreasing system clock frequency

In run mode, the frequency of the system clock (SYSCLK, HCLK, PCLK) can be reduced by frequency
division through the prescaler register configuration. These prescalers can also be used to reduce the
frequency of peripherals before entering sleep mode.

6.5. Peripheral clock gating
In run mode, the AHB clock (HCLK) and APB clock (PCLK) for individual peripherals and memories

can be stopped at any time to reduce power consumption.
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To reduce the power consumption in sleep mode, peripheral clocks can be stopped before executing

WFI or WFE instructions.

6.6. Power management register

The peripheral 's registers can be accessed through half-word or word.

6.6.1. Power control register 1 (PWR_CR1)
Address offset: 0x00
Reset value: 0x0000 0000(reset by POR)
31 30 29 28 | 27 | 26 | 25 24 23 22 | 21 20 19 18 | 17 | 16
Re R R | R R Re | Re | Re
Res | Res | Res Res | Res | Res Res HSION_CTRL
s es | es | es es s s s
RW
15 14 13 12 (11| 10| 9 8 7 6 5 4 3 2 1 0
Re FLS_SLP- | R VOSJ[1:
LPR DBP | Res | Res Res Res
S TIME[1:0] | es 0] es
RW | RW | RW RW RW ’ ’ ‘
Bit Name R/W | Reset Value Function
31:20 Reserved - - Reserved
HSI turns on time control when wakeup from stop mode.
19 HSION_CTRL RW 0 0: After waiting for MR to stabilize, enable HIS.
1: Enable HSI when wakeup
18:15 Reserved
Low power regulator
14 LPR RW 0 0: Main regulator works in stop mode
1: Low power regulator works in stop mode
Wakeup sequence from stop mode, after the HSI is stable, a
waiting time is required before the Flash operation.
2'b00: 5 us
2'b01: 2 us
13:12 FLS_SLPTIME[1:0] | RW 26b0O 2b10: 3 us
2'b11: Ous
Note: When this register is set to 2'b11, it means that the
program is executed from SRAM instead of Flash after
wakeup. And the program guarantees that Flash will not be
accessed within 3 us after waking up the execution program.
11 Reserved - -
Voltage scaling range selection
00:After entering the stop mode, VCORE=1.2 V
10:9 VOS[1:0] RW 0 _
01:After entering stop mode, VCORE=1.0 V
10: After entering stop mode, VCORE=0.9 V
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11: After entering stop mode, VCORE=0.8 V

RTC write protection disabled

After reset, the RTC is write-protected to prevent accidental

8 DBP RW 0 writes. To access the RTC this bit must be set to 1.
0: Disable access to RTC
1: RTC can be accessed
7:0 Reserved - - Reserved
6.6.2. Power control register 2 (PWR_CR?2)
Address offset: 0x04
Reset value: 0x0000 0500(reset by POR)
Note: This register is related to PVD function.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res Res Res | Res | Res | Res | Res Res Res Res
15 14 13 12 11 10 9 7 6 5 4 3 2 1 0
Res | Res | Res | Res FLT_TIME[2:0] FLTEN | Res PVDT[2:0] Res | SRCSEL | Res | PVDE
RW RW RW RW RW
Bit Name R/W | Reset Value Function
31:12 Reserved - - Reserved
Digital filter time configuration
The filter time is about 30.7 ms (1024 LSI or LSE clocks)
101: The filter time is about 3.8 ms (128 LSI or LSE clocks)
119 FLT TIME RW b 10 100: The filter time is about 1.92 ms (64 LSI or LSE clocks)
011: The filter time is about 480 us (16 LSI or LSE clocks)
010: The filter time is about 120 us (4 LSI or LSE clocks)
001: The filter time is about 60 us (2 LSI or LSE clocks)
000: The filter time is about 30 us (1 LSI or LSE clock)
Digital filter function enable control
8 FLTEN RW 1 0: Disable
1: enable
7 Reserved - - -
Voltage rising edge detection threshold (falling edge detection
threshold correspondingly reduced by 0.1 V) and PVDIN detection
control.
000: VPVDO (around 1.8 V)
6.4 PVDT[2:0] RW 000 001: VPVD1 (around 2. 0 V)
010: VPVD2 (around 2. 2 V)
011: VPVD3 (around 2.4 V)
100: VPVD4 (around 2.6 V)
101: VPVDS5 (around 2.8 V)
110: VPVD6 (around 3.0 V)
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111: VPVD7 (around 3.2 V)

3 Reserved
PVD detects power supply selection.
0:vccC
1:Detect PB7 pin
2 SRCSEL RW 0 o o
If this bit is set to 1, the voltage on PB7 is internally compared to
VREFINT (including rising and falling thresholds). In this case, the
setting of the PVDT register is invalid.
1 Reserved - - Reserved
Voltage detect enable bit
0: Voltage detection disable
0 PVDE RW 0 1: Voltage detection enable
If SYSCFG_CFG2.PVD_LOCK =1, PVDE is write protected. Write
protection is reset only after a system reset.
6.6.3. Power status register (PWR_SR)
Address offset: 0x14
Reset value: 0x0000 0000(reset by POR)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res Res Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | Res | Res | PVDO | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res
R
Bit Name R/W Reset Value Function
31:12 Reserved - Reserved
PVD test result
0: The detected VCC or PB7 exceeds the PVD selected
11 PVDO R compare threshold
1: Detected VCC or PB7 is below the PVD selected com-
pare threshold
10:0 Reserved - - Reserved
6.6.4. PWR register map
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7. Reset

There are two types of resets defined as power reset and system reset.

7.1. Reset source
7.1.1. Power reset

A power reset sets all registers to their reset value, which occurs in the following situations:

A The POR/BOR generated by the analog circuitry implements the detection of VCC. Release reset
when the VCC voltage rises to a trigger value; generate reset when the VCC voltage falls to a
certain trigger value;

A The PORI generated by the analog circuitry implements the detection of the VR output. Releasing
reset when the Vcore voltage rises to a trigger value; generating reset when the Vcore voltage
falls to a certain trigger value;

7.1.2. System reset

A system reset sets most registers to their reset values, except some special registers, such as the

reset flag register.

A system reset generates when the following events occur:

A Reset of NRST pin

A Windowed watchdog reset (WWDG)

A Independent watchdog reset (IWDG)

A SYSRESETREQ software reset

A Option byte load reset (OBL)

A Power reset (POR/PDR, BOR)

7.1.3. NRST pin (external reset)

By loading the option byte (NRST_MODE bit), the NRST pin can be configured in the following modes

(see option byte description for specific configuration):

A Resetinput

In this mode, any valid reset signal on the NRST pin is passed to the internal logic, but the reset

generated inside the chip is not output on the NRST pin.
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7.1.4.

7.1.5.

7.1.6.

In this configuration mode, the PF2 function of the GPIO is invalid.

After the NRST pin is input, an external reset of the chip is generated after the deburring circuit (de-
burring can be configured to be disabled).

A GPIO

In this mode, the PIN can be used as a standard GPIO, like PF2. The reset function on the pin does
not work. Resets are only generated internally by the chip and cannot be passed to the pin.

Note: After power-on reset, NRST pin is configured to reset input mode by default.

Watchdog reset

See independent watchdog and system windows watchdog for details.

Software reset

A software reset can be achieved by setting the SYSRESETREQ bit in the ARM MO+ interrupt and
reset control register.

Option byte loader reset

By configuring FLASH_CR.OBL_LAUNCH =1, the software generates an option byte load reset,

thereby starting the option byte load again.
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8. Clock

8.1. Clock source

8.1.1.

High-speed external clock (HSE)

The high-speed external clock comes from two sources:

A External XTAL OSC + internal oscillation circuit

A External clock input via OSC_IN structure (HSEBYP=1)

Tab8kHSE/ LSE cl ock sources

Clock source

Hardware configuration

External clock

0SC IN OSC_ouTtT
[

[ ]
L]
¥

External
source

External crystal

OSC_IN OSC_OuUT

—

| | | T
CL1 CL2 -

A\ Load \/

capacitors

8.1.2.

External high frequency OSC. Frequency range 4~32 MHz.

The stabilization time of HSE clock is configured by registers. When HSE goes from OFF to ON, it

needs to wait for the stabilization time, and after stabilization, the hardware sets the

RCC_CR.HSERDY register. When HSEBYP=1, the stabilization time is halved compared to non-

bypass mode.

HSE clock related registers refer to RCC_ ECSCR.

High-speed internal clock (HSI)

Internal RC oscillator, reference frequency can be 4 MHz, 8 MHz, 16 MHz, 22.12 MHz and 24 MHz,

compared to XTAL OSC, RC OSC has low power consumption and short stabilization time, but low

accuracy. HSI analog module counts stabilization time, HSI output to system digital module at the

same time.
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8.1.3.

8.1.4.

8.1.5.

8.1.6.

8.2.

After power-on reset, the HSI calibration value needs to be software loaded into the RCC_
ICSCR.HSITRIM register. This register will be reset when the system is reset.
After waking up from stop mode, only HSI can be used as the system clock source.

Low-speed internal clock (LSI)

Internal low frequency 32 KHz clock.

HSI10M Clock

This clock is used as a low-precision clock, as a filtered counter for the nRST pin, and for low-power
processing when the FLASH is running at low speed.

PLL

PLL module reference clock is HSI or HSE, PLL input clock frequency range required for 12 MHz ~

24 MHz, not in this range can not guarantee the output clock frequency and stability.

PLL supports 2x or 3x frequency, in the USB module work, you need to select the HSI reference fre-
quency of 16 MHz, PLL multiplication factor of 3, resulting in 48 MHz frequency. At this time, if the
system clock is selected PLL, the maximum frequency will also be limited to 48 MHz.

LSE Clock

The external 32.76 KHz OSC is used as a low-power clock.

A balance between stabilization time and power consumption can be done by configuring LSEDRV.
the LSE stabilization time is configured by registers.

Similar to the HSE source, LSE has two sources:

A 32.768 K XTAL+ internal starting circuit

A External clock via OSC32_IN input (LSEBYP=1)

In the LSE bypass case, the stabilization time is halved compared to the non-bypass mode.

Clock tree
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HSI Highspeed internal clock
LSI Lowspeed internal clock

HS10M HS10M To RCAFMC > HSE High-speed external clock
PLL Phase locked loop
LSIRC to IWDG
32kHz i
LSI
LSEW to RTC
HSE [ 7775] ]
/128
osezour | LSE ﬁ -
32.768kHz o
LSE RTCSEL >
0s@2 IN || Clock
detector To AHB bysore memory and DMA R
AHB f
PRESC FCLK Cortex freminning clock >
LSE /1 2..512 To Cortex system time;
LSI
PLL APB )
SYSCLK - PRESC PCLK To APB perlghralg
MCO HSE /1,2,48,16
O———- /1..128 |— PCLK PCLRN
HCLK LSE toLPTIM
tHs10M LSI
HSI
CTC for o~
16MHz HSI
PCI
to COMP
A 4 LSc—
HSI RC
4/8/16/22.12/24
MHz PCL| /é,gy to ADC
X2/ X3 !
PLL
TIM PCLH
1f* APB to TIMs
PRESEL™ x1elsex2
HSIDIV bl ousE
oscouT HSE HSBYS >
= 4-32MHz usel | svscik LsC tolCD
-osan Clock LSl N
detector
—LE to CAN20MHZ 40MHZ

Figure 8-1 System clock structure

8.3. Clock Safety Systema CSS[3

8.3.1.

Clock security includes the following main areas:

A Clock configuration and status security

A  Clock source HSE security

A Clock source LSE security

IWDG-based clock security

A Timer-based clock security

Clock configuration and state security

Clock frequency calibration (TEST module implementation)
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8.3.1.1.

8.3.1.2.

The software periodically reads back the clock configuration and status registers to obtain the sys-

tem's current clock information and determine if it is consistent with expectations.

Clock source HSE monitoring

The HSE clock security system can be activated by software by configuring RCC_CR.CSSON. In
this case, the clock detection function is turned on when HSE is activated. When the HSE is turned
off, the clock detection function is turned off.

If a clock failure is detected on the HSE, the HSE is automatically turned off and a clock failure event
is sent to the TIM1 (advanced timer) and TIM15/TIM16/TIM17 (general purpose timer) brake inputs
and an interrupt is generated to notify the software of this failure (Clock Security System CSSl is
linked to the NMI (Non-maskable inter-rupt) exception vector of the Cortex-MO+.

Note: Once CSS is enabled, and if the HSE clock fails, a CSS interrupt is generated and an NMI is
automatically generated, which is executed continuously until the CSS interrupt pending bit is
cleared. Therefore, the CSS interrupt must be cleared in the NMI handler by setting the CSSC bit in
the Clock Interrupt Register (RCC_CICR).

If the HSE is used directly or indirectly as the system clock (indirect in the sense that it is used as an
input to the PLL and the PLL is used as the system clock), clock failure will cause the system clock to
automatically switch to the HSI and turn off the HSE. if clock failure occurs when the HSE is the input

clock to the PLL, the PLL will also be turned off.

Clock source LSE monitoring

The LSE clock security system can be activated by software by configuring RCC_BDCR.LSECS-
SON. In this case, the clock detection function is turned on when LSE is activated. When the LSE is
turned off, the clock detect function is turned off.

If a clock FAILURE is detected on the LSE, the LSE is automatically turned off and a clock FAILURE
event is sent to the brake inputs of TIM1 (advanced timer) and TIM15/TIM16/TIM17 (general purpose
timer) and an interrupt is generated to notify the software of this FAILURE (Clock Security System

The CSSl is linked to the NMI (Non-maskable inter-rupt) exception vector of the Cortex-MO+.
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Note: Once LSECSS is enabled, and if the LSE clock fails, a CSS interrupt is generated and an NMI
is automatically generated, which is executed continuously until the CSS interrupt pending bit is
cleared. Therefore, the CSS interrupt must be cleared in the NMI handler by setting the CSSC bit in
the Clock Interrupt Register (RCC_CICR).

If LSE is used as the system clock, Clock Failure will cause the system clock to automatically switch
to LSI while turning off LSE. also, if LPTIM and RTC count clocks select LSE, they will automatically

switch to LSI as well.

8.4. Clock-out capability

In order to facilitate board-level applications, save BOM costs and debug requirements, the chip needs
to provide a clock output function. That is, the MCO signal (parallel frequency division) in the following

table is used to realize the clock output function through the multiplexing function of GPIO.

Tab820ut put clock selection

Clock source MCO output clock source
HSI a
SYSCLK a
HSE a
LSI a
PLL a
LSE a

Note: When switching the MCO clock source and selecting the GPIO AF function as the initial stage of

the MCO, the MCO may generate glitches, and this period of time needs to be avoided.

8.5. Reset/Clock register
The registers of the module can be accessed in word (32 bits), half-word (16 bits) and byte (8 bits).
8.5.1. Clock control register (RCC_CR)
Address offset:0x00
Reset value:0x0000 0100
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CSS | HSE | HSE | HSE
Res | Res | Res | Res | Res | Res | PLLRDY | PLLON | Res | ADC DIV | Res

ON | BYP | RDY | ON

R RW RW RS RW R RW
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15

14

13‘12‘11

10

Res

Res

HSIDIV[2:0]

HSI
RDY

Res

HSION

Res | Res | Res | Res | Res Res Res Res

RW

RW

Bit

Name

R/W

Reset Value

Function

31:26

Reserved

Reserved

25

PLLRDY

PLL clock ready flag.

Set by hardware to indicate that the PLL clock is locked
0: PLL unlocked

1: PLL locked

24

PLLON

RW

PLL enabled.

This bit is cleared by hardware when entering stop mode.
This bit cannot be reset if the PLL clock is used as the sys-
tem clock.

0: PLL OFF

1: PLL ON

23

Reserved

Reserved

22:21

ADC_DIV

RW

ADC crossover factor

00: 2-division frequency

01: 4 crossover frequencies
10: 6 crossover frequencies
11: 8 crossover frequencies

20

Reserved

Reserved

19

CSSON

RS

0x0

HSE clock security system enable.

When this bit is 1, the hardware enables the clock detec-
tion module if the HSE OSC is ready; if the HSE detection
fails, the clock detection module is turned off.

0: clock security system off (clock detection off);

1: clock security system on (clock detection on if HSE

clock is stable, otherwise clock detection off)

18

HSEBYP

RW

HSE shields the crystal and selects the pin input clock.
This bit can only be written when HSEON=0.

0: HSE crystal not shielded, external high speed clock se-
lects external crystal;

1: HSE crystal shielded, external high speed clock selects

external pin input clock source;

17

HSERDY

HSE crystal clock ready flag.

This bit is set by hardware to indicate that the HSE crystal
is stable.

0: HSE crystal is not ready;

1: HSE crystal ready;

Note: When HSEON is cleared, HSERDY is cleared after
6 HSE clock cycles.

16

HSEON

RW

HSE crystal enable.
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Bit Name R/W Reset Value Function
When the system enters stop mode, the hardware will
clear this bit and turn off the HSE crystal. When HSE is
used as the system clock source, this bit cannot be set to
0.
0: HSE crystal OFF;
1: HSE crystal ON;
15:14 Reserved - - Reserved
Frequency division factor when the HSI generates the
HSISYS clock.
000: 1;
001: 2;
13:11 HSIDIV RW 0x0 010:4.
011: 8;
100: 16;
101: 32;
110: 64;
111:128;
10 HSIRDY R 0 HSI clock ready flag.
A hardware bit indicates that the HSI OSC is stable. This
bit is valid only when HSION=1.
0: HSI OSC not ready;
1: HSI OSC ready;
9 Reserved - Reserved
HSI clock enable.
The hardware will clear this register to stop HSI as needed
8 HSION RW 1 when it enters stop mode.
0: HSI OSC OFF;
1: HSI OSC ON,;
7:0 Reserved - Reserved
8.5.2. Internal clock source calibration register (RCC_ICSCR)
Address offset:0x04
Reset value:0x00FF_1080
31 30 29 28 27‘26 25 24‘23|22‘21|20‘19‘18|17‘16
Res Res Res Res Res Res LSI_TRIM[8:0]
RW | RW | RW | RW | RW | RW RW RW RW
15 14 13 12 11 ‘ 10 S 8 7 6 5 4 3 2 1 0
HSI_FS[2:0] HSI_TRIM[12:0]
RW ‘ RW ‘ RW | RW ‘ RW ‘ RW ‘ RW ‘RW‘RW’RW‘RW’RW‘RW‘ RW ’ RW ‘ RW
Bit Name R/W Reset Value Function
31:25 Reserved - - Reserved
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Bit Name R/W Reset Value Function
The internal low-speed clock frequency is adjusted so
that the internal low-speed clock can output 32.768 KHz
24:16 LSI_TRIM RW 96hO0OFF by calibration.
- The calibration value is saved in Flash at the following
address:
32.768 KHz calibration value address: Ox1FFF 3348
HSI frequency selection:
000: 4 MHz
001: 8 MHz
15:13 HSI_FS RW 3 @00 010: 16 MHz
011: 22.12 MHz
100: 24 MHz
> =101: 4 MHz
Clock frequency adjustment, changing the value of this
register can adjust the output frequency of HSI. Each in-
crease of the register value by 1 will increase the output
frequency of HSI by about 0.2%, and the total adjust-
ment range is 4~24 MHz.
The calibration values corresponding to 24 MHz/22.12
12:0 HSI_TRIM RW 136h10 ¢ MHz/16 MHz/8 MHz/4 MHz are stored in the Flash at
the following addresses:
24 MHz calibration value address: Ox1FFF 3200
22.12 MHz calibration value address: Ox1FFF 3208
16 MHz calibration value address: Ox1FFF 3210
8 MHz calibration value address: Ox1FFF 3218
4 MHz calibration value address: Ox1FFF 3220
8.5.3. Clock configuration register (RCC_CFGR)
Address offset:0x08
Reset value:0x0000 0000
When the clock source is switched, there is 1 or 2 clock wait cycles to access this register.
When the APH or AHB division value is updated, there may be 0 to 15 clock cycles to access this
register.
31 30 | 29 ‘ 28 |27 ‘ 26 ‘ 25 ‘ 24 |23 22 21 20 19 18 17 16
Res MCOPRE[2:0] MCOSEL[3:0] Res |Res |Res |Res | Res |Res | Res | Res
RW | RW | RW | RW RW RW ‘ RW
15 14 [13 [12 |11 ‘10‘9 ‘8 7 6 5 4 3 2 1 0
Res PPRE[2:0] HPRE[3:0] Res | Res SWS[2:0] SW[2:0]

RW‘RW‘RW

RW‘RW‘RW‘RW

R‘R’R RW’RW‘RW
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Bit

Name

R/W

Reset Value

Function

31

Reserved

Reserved

30:28

MCOPRE[2:0]

RW

Microcontroller clock output (MCO) frequency division fac-
tor. Software controls these bits to set the division factor of
the MCO output:

000: 1
001: 2
010: 4
011: 8
100: 16

101: 32

110: 64

111: 128

Set these bhits before enabling the MCO output.

27:24

MCOSEL[3:0]

RW

MCO selection

000: No clock, MCO output disabled
001: SYSCLK

010: HSI_10 M

011: HIS

100: HSE

101: PLL CLK

110: LSI

111: LSE

Note: Incomplete output clock conditions may occur during
the clock startup or switchover phase.

23:15

Reserved

Reserved

14:12

PPRE[2:0]

RW

This bit is controlled by software. To generate the PCLK
clock, it sets the division factor of HCLK as follows:

Oxx: 1

100: 2

101: 4

110: 8

111: 16

11:8

HPRE[3:0]

RW

AHB clock division factor.

Software controls this bit. In order to generate the HCLK
clock, it sets the frequency division factor of SYSCLK as
follows:

Oxxx: 1

1000: 2

1001: 4

1010: 8

1011: 16

1100: 64

1101: 128

1110: 256

1111:512
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Bit Name R/W Reset Value Function
In order to ensure the normal operation of the system, it is
necessary to configure an appropriate frequency according
to the VR power supply.
Note: It is recommended to switch the frequency division
factor step by step.

7:6 Reserved - - Reserved
System clock switch status bits
These bits are controlled by hardware and indicate which
clock source is currently being used as the system clock:
000: HSISYS

5:3 SWSJ[2:0] R 0 001: HSE
010: PLL CLK
011: LSl
100: LSE
Others: Reserved
System clock source selection bits.
Controlled by software and hardware, these bits select the
system clock:
000: HSISYS
001: HSE
010: PLL CLK

2:0 SWJ2:0] RwW 0 o1L: LSl
100: LSE
Others: Reserved
The hardware is configured as HSISYS include:
1) The system exits from stop mode
2) Software configuration 001 (HSE), HSE failure occurs
(HSE is the system clock source, or HSE is the PLL input,
and PLL is the system clock source)

8.5.4. PLL configuration register (RCC_PLLCFGR)

Address offset:0x0C

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res Res Res Res Res Res Res Res Res | Res | Res Res Res Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | PLLMUL[1:0] | PLLSRC[1:0]
RwW RW RwW RW
Bit Name R/W Reset Value Function
31:4 Reserved - - Reserved
3:2 PLLMUL[1:0] RW 2 @b PLL frequency multiplication factor
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Bit Name R/W Reset Value Function
00: x2
01: x3
11: eserved
PLL clock source selection.
00: No clock
1.0 PLLSRCJ[1:0] RW 0 01: Reserved
10: HSI
11: HSE
8.5.5. External clock source control register (RCC_ECSCR)
Address offset:0x10
Reset value: 0x0003 0003
31 30 29 | 28 | 27 26 25 | 24 | 23 22 21 20 19 18 17 ‘ 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | LSE_STARTUP Res LSE_DRV
RwW RwW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 ‘ 0
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res Res HSE_STARTUP Res HSE_DRV
RW RwW
Bit Name R/W Reset Value Function
31:22 Reserved - - Reserved
LSE crystal stabilization time selection.
LSEBYP=0:
00: 4096 LSE clock cycles;
01: 2048 LSE clock cycles;
10: 8192 LSE clock cycles;
21:20 LSE_STARTUP RW 0x0 11: direct output, regardless of stabilization time;
LSEBYP=1:
00: 2048 LSE clock cycles;
01: 1024 LSE clock cycles;
10: 4096 LSE clock cycles;
11: direct output, regardless of stabilization time;
19:18 Reserved - - Reserved
LSE drive capability setting, default 11
00: reserved
17:16 LSE_DRV RW 0x3 01: 1dd 315 nA, gm 3.5 UA/V
10: Idd 500 nA, gm 7.5 uA/V
11: 1dd 630 nA, gm 10 uA/V
15:5 Reserved RES - Reserved
HSE stabilization time selection.
4:3 HSE_STARTUP RW 0x0 HSEBYP=0.
- 00: 4096 HSE clocks;
01: 2048 HSE clocks;
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Bit Name R/W Reset Value Function
10: 8192 HSE clocks;
11: direct output, regardless of stabilization time;
HSEBYP=1.
00: 2048 HSE clocks;
01: 1024 HSE clocks;
10: 4096 HSE clocks;
11: direct output, regardless of stabilization time;
2 Reserved - - Reserved
HSE drive capability sg¢
00: reserved
1:0 HSE_DRV RwW 0x3 01: gmABVS
10: gmA7 V5
11: gmA/1\W
8.5.6. Clock interrupt enable register (RCC_CIER)
Address offset:0x18
Reset value:0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res Res Res Res Res Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res PLL HSE RSt Res | LSE LSl
RDYIE | RDYIE | RDYIE RDYIE | RDYIE
RW RW RW RW RW
Bit Name R/W Reset Value Function
316 Reserved - - Reserved
PLL ready interrupt enable.
5 PLLRDYIE RW 0 0: Disable
1: Enable
HSE clock ready interrupt enable.
4 HSERDYIE RW 0 0: Disable
1: Enable
HSI clock ready interrupt enable.
3 HSIRDYIE RW 0 0: Disable
1: Enable
2 Reserved - - Reserved
LSE clock ready interrupt enable.
1 LSERDYIE RW 0 0: Disable
1: Enable
LSI clock ready interrupt enable.
0 LSIRDYIE RW 0 0: Disable
1: Enable
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8.5.7. Clock interrupt flag register (RCC_CIFR)

Address offset:0x1C

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res Res | Res | Res | Res Res Res | Res | Res Res
15 14 13 12 11 10 9 8 6 5 4 3 2 1 0
Res | Res | Res | Res | Res | Res | LSE | CSSF | Res | Res | PLL HSE HSI Res | LSE LSI
CSSF RDYF | RDYF | RDYF RDYF | RDYF
R R R R R R R
Bit Name R/W Reset Value Function
31:10 Reserved - - Reserved
LSE clock security system (CSS) interrupt flag.
When hardware detects LSE, this register is set when the
9 LSECSSF R OSC clock fails.
0: LSE clock detection failure interrupt is not generated,
1: LSE clock detection failure interrupt generation,
LSECSSC register 1 clears this bit.
HSE clock security system interrupt flag.
When hardware detects LSE, this register is set when the
8 CSSE R 0 OSC clock fails.
0: HSE clock detection failure interrupt is not generated,
1: HSE clock detection failure interrupt generation,
Write CSSC register 1 clears this bit.
7:6 Reserved - - Reserved
PLL ready interrupt flag.
This register is set by hardware when PLL lock and
5 PLLRDYE R 0 PLLRDYDIE=1.
0: PLL lock interrupt is not generated;
1: PLL lock interrupt is generated;
Write PLLRDYC register 1 to clear this bit.
HSE ready interrupt flag
This bit is set by hardware when HSE is stable and HSER-
DYIE is enabled. Software clears this bit by setting the
4 HSERDYF R 0 HSERDYC bit.
0: No clock ready interrupt caused by HSE
1: Clock ready interrupt caused by HSE
Write HSERDYC register 1 to clear the bit.
HSI clock ready interrupt flag.
3 HSIRDYE R 0 Hardware sets this register when the HSI clock is stable
and HSIRDYIE=1.
0: HSI clock ready interrupt is not generated;
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Bit Name R/W Reset Value Function

1: HSI clock ready interrupt is generated;
Write HSIRDYC register 1 to clear this bit.

2 Reserved - - Reserved

LSERDY clock ready interrupt flag.

Hardware sets this register when the LSE clock is stable
and LSERDYDIE=1.

1 LSERDYF R 0 ) )
0: LSERDY clock ready interrupt is not generated;
1: LSERDY clock ready interrupt is generated;

Write LSERDYC register 1 to clear this bit.

LSI ready interrupt identification bit

This bit is set by hardware when the LSl is stable and
LSIRDYIE is enabled. Software clears this bit by setting
0 LSIRDYF R 0 the LSIRDYC bit.

0: No LSl-induced clock ready interrupt

1: There is a clock ready interrupt caused by LSI

Write LSIRDYC register 1 to clear this bit.

8.5.8. Clock interrupt clear registera RCC_CICR

Address offset:0x20

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Re Re Re Re Re Re Re Re Re
Res Res Res Res Res Res Res
S S S S S S S s s
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LSE PLL HSE HSI LSE LSI
Re Re Re Re Re Re CSS Re Re Re
CSss RDY RDY RDY RDY RDY
S S S S S S C S S S
C C C C C C
W W W W W W W
Bit Name R/W Reset Value Function
31:10 Reserved - - Reserved

LSE clock security system (CSS) interrupt flag is cleared.
9 LSECSSC w 0 0: No effect,
1: Clear the LSECSSF flag

Clock safe interrupt clear bit.
8 CssC w 0 0: No effect.
1: Clear the CSSF flag.

7:6 Reserved - - Reserved

PLL ready flag is cleared.
5 PLLRDYC w 0 0: No effect.
1: Clear the PLLRDYF bit.
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Bit Name R/W Reset Value Function

HSE ready flag is cleared.
4 HSERDYC W 0 0: No effect.

1: Clear the HSERDYF bit.

HSI ready flag is cleared.
3 HSIRDYC W 0 0: No effect.

1: Clear the HSIRDYF bit.
2 Reserved - - Reserved

LSE ready flag is cleared.
1 LSERDYC W 0 0: No effect.

1: Clear the LSERDYF bit.

LSl ready flag is cleared.
0 LSIRDYC w 0 0: No effect.

1: Clear the LSIRDYF bit.

8.5.9. l/Ointerface reset register (RCC_IOPRSTR)

Address offset:0x24

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res Res | Res | Res Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res GPIOF Res | Res GPIO | GPIOB | GPIOA
RST CRST | RST RST
RW RW RW RW
Bit Name R/W Reset Value Function
316 Reserved - - Reserved
I/O PortF reset.
5 GPIOFRST RW 0 0: no effect,
1: PortF 1/O reset
4:3 Reserved - - Reserved
I/O PortC reset.
2 GPIOCRST RW 0 0: no effect,
1: PortF 1/O reset
I/O PortB resets.
1 GPIOBRST RW 0 0: no effect,
1: Port B I/O reset
I/O PortA resets.
0 GPIOARST RW 0 0: no effect,
1: PortA /O reset

8.5.10. AHB peripheral reset register (RCC_AHBRSTR)

Address offset:0x28
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Reset value:0x0000 0000
This register is set and cleared by software. After the software set, the module maintains a reset until

the software clears the reset to zero.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DIV
Res Res Res Res Res Res Res RST Res Res Res Res Res Res Res Res
RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CRC DMA
Res Res Res Res Res Res Res Res Res Res Res Res Res Res
RST RST
RwW RwW
Bit Name R/W Reset Value Function
31:25 Reserved - - Reserved

The divider module is reset.
24 DIVRST RW 0 0: no effect;
1: reset of the divider module;

23:13 Reserved Reserved

CRC module reset.
12 CRCRST RW 0 0: no effect,
1: CRC module reset,

11:9 Reserved - - Reserved
8:1 Reserved - - Reserved
DMA reset.
0 DMARST RW 0 0: no effect,

1: DMA module reset

8.5.11. APB peripheral reset register 1 (RCC_APBRSTR1)
Address offset:0x2C
Reset value:0x0000 0000
This register is set and cleared by software. After the software set, the module maintains a reset until

the software clears the reset to zero.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
OP | DA | PW CA us | 12C | I12C
LPTI USAR USAR USAR
A C R CTC Re N Re B 2 1
M Res T4 T3 T2 Res
RS RS RS RST S RS S RS | RS RS
RST RST RST RST
T T T T T T T
RwW RW | RW | RW RW RwW RW | RW | RW RwW RW RwW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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RT
SPI C TIM | TIM TIM
WWD
Res 2 Re Res G AP | Re | Re | Re | Re 7 6 Res Res TIM3 2
RS S B S S S S RS | RS RST RS
T RST RS T T T
T
RW RwW RW RW | RW RW RW
Bit Name R/W Reset Value Function
LP Timer module reset.
31 LPTIMRST RW 0 0: no effect,
1: The module is reset,
OPA module reset.
30 OPARST RW 0 0: no effect,
1: The module is reset,
DAC module reset.
29 DACRST RW 0 0: no effect,
1: The module is reset,
Power interface module reset.
28 PWRRST RW 0 0: no effect,
1: The module is reset,
CTC module reset.
27 CTCRST RW 0 0: no effect,
1: The module is reset,
26 Reserved - - Reserved
CAN module reset.
25 CANRST RW 0 0: no effect,
1: The module is reset,
24 Reserved - - Reserved
USB module reset.
23 USBRST RW 0: no effect,
1: The module is reset,
12C2 module reset.
22 12C2RST RW 0 0: no effect,
1: The module is reset,
12C1 module reset.
21 I2C1RST RW 0 0: no effect,
1: The module is reset,
20 Reserved - - Reserved
USART4 module reset.
19 USART4RST RW 0 0: no effect,
1: The module is reset,
USART3 module reset.
18 USART3RST RW 0 0: no effect,
1: The module is reset,
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Bit Name R/W Reset Value Function
USART2 module reset.
17 USART2RST RW 0 0: no effect,
1: The module is reset,
16:15 Reserved - - Reserved
SPI2 module reset.
14 SPI2RST RW 0 0: no effect,
1: The module is reset,
13:12 Reserved - - Reserved
WWDG module reset.
11 WWDGRST RW 0 0: no effect,
1: The module is reset,
RTC module reset.
10 RTCAPBRST RW 0 0: no effect,
1: The module is reset,
9:6 Reserved - - Reserved
TIM7 module reset.
5 TIM7RST RW 0 0: no effect,
1: The module is reset,
TIM6 module reset.
4 TIM6RST RW 0 0: no effect,
1: The module is reset,
3:2 Reserved - - Reserved
TIM3 module reset.
1 TIM3RST RW 0 0: no effect,
1: The module is reset,
TIM2 module reset.
0 TIM2RST RW 0 0: no effect,
1: The module is reset,
8.5.12. APB peripheral reset register 2 (RCC_APBRSTR2)
Address offset:0x30
Reset value:0x0000 0000
This register is set and cleared by software. After the software set, the module maintains a reset until
the software clears the reset to zero.
31 30 29 | 28 27 26 25 | 24 23 22 21 20 19 18 17 16
Re | Re Re | Re | LcD CcO COM COM Re TIM TIM TIM
Res Res Res Res MP3 P2 P1 17 16 15
S S S S RST RST RST RST y RST | RST | RST
RW RW RW RW RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TIM USAR | Re | SPI | TIM | MCUD | AD | Re Re SYS
1 1 s 1 1 BG c s Res | Res Res Res s Res | Res CFG
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RST RST RS | RS RST RS RST
T T T
RW RwW RW | RW RW RW RW
Bit Name R/W Reset Value Function
31:24 Reserved - - Reserved

LCD module reset.
23 LCDRST RW 0 0: no effect,

1: The module is reset,

COMP3 module reset.
22 COMP3RST RW 0 0: no effect,

1: The module is reset,

COMP2 module reset.
21 COMP2RST RW 0 0: no effect,

1: The module is reset,

COMP1 module reset.
20 COMPI1RST RW 0 0: no effect,

1: The module is reset,
19 Reserved - - Reserved

TIM17 module reset.
18 TIM17RST RW 0 0: no effect,

1: The module is reset,

TIM16 module reset.
17 TIM16RST RW 0 0: no effect,

1: The module is reset,

TIM15 module reset.
16 TIM15RST RW 0 0: no effect,

1: The module is reset,

TIM14 module reset.
15 TIM14RST RW 0 0: no effect,

1: The module is reset,

USART1 module reset.
14 USART1RST RW 0 0: no effect,

1: The module is reset,
13 Reserved - - Reserved

SPI1 module reset.
12 SPI1IRST RW 0 0: no effect,

1: The module is reset,

TIM1 module reset.
11 TIM1RST RW 0 0: no effect,

1: The module is reset,

MCU Debug module reset.
10 MCUDBGRST RW 0 0: no effect,

1: The module is reset,
9 ADCRST RW 0 ADC module reset.
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Bit Name R/W Reset Value Function
0: no effect,
1: The module is reset,
8:1 Reserved - - Reserved
SYSCFG COMP module reset.
0 SYSCFGRST RWs 0 0: no effect,
1: The module is reset,

8.5.13. /O interface clock enable register (RCC_IOPENR)

Address offset:0x34

Reset value:0x0000 0000

This register is set and cleared by software.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res Res Res | Res Res Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res GPIOF Res | Res GPIOC | GPIOB | GPIOA
EN EN EN EN
RW RwW RwW RwW
Bit Name R/W Reset Value Function
31:6 Reserved - - Reserved
I/O PortF clock enable.
5 GPIOFEN RW 0 0: Clock disabled,
1: Clock enable
4:3 Reserved - - Reserved
I/O PortC clock enable.
2 GPIOCEN RW 0 0: Clock disabled,
1: Clock enable
I/O PortB clock enable.
1 GPIOBEN RW 0 0: Clock disabled,
1: Clock enable
I/O PortA clock enable.
0 GPIOAEN RW 0 0: Clock disabled,
1: Clock enable
8.5.14. AHB peripheral clock enable register (RCC_AHBENR)
Address offset:0x38
Reset value:0x0000 0300
This register is set and cleared by software.

‘31 ‘30 ‘29 ‘28 ‘27 ‘26 ‘25 ‘24

‘23 ‘22 ‘21 ‘20 ‘19 ‘18 ‘17

[ |
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Res | Res | Res | Res | Res | Res | Res | DIVEN | Res | Res | Res | Res | Res | Res | Res | Res
RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | Res CRC Res | Res | Res FLASH Res | Res | Res | Res | Res | Res | Res DMA
EN EN EN
RW RW RW
Bit Name R/W Reset Value Function
31:25 Reserved - - Reserved
Divider module clock enable.
24 DIVEN RW 0 0: Disable
1: Enable
23:13 Reserved - - Reserved
CRC module clock enable.
12 CRCEN RW 0 0: Disable
1: Enable
11:10 Reserved - - Reserved
In sleep mode, the clock enable control of SRAM
0: The module clock is disabled in sleep mode
9 SRAMEN RW 1 1: The module clock is enabled in sleep mode
Note: This bit only affects the clock enable of this module
in sleep mode, in run mode, the clock of this module will
not be disabled
In sleep mode, the clock enable control of FLASH
0: The module clock is disabled in sleep mode
8 FLASHEN RW 1 1: The module clock is enabled in sleep mode
Note: This bit only affects the clock enable of this module
in sleep mode, in run mode, the clock of this module will
not be disabled
71 Reserved - - Reserved
DMA module clock enable.
0 DMAEN RW 0 0: Disable
1: Enable
8.5.15. APB peripheral clock enable register 1 (RCC_APBENR1)
Address offset:0x3C
Reset value:0x0000 0000
This register is set and cleared by software.
31 30 29 | 28 27 26 25 24 23 22 21 20 19 18 17 16
LPT DA | PW CT CA us USA USA USA
IM OPA CE R CE Res NE | Res | BE 12¢ 12cl Res | RT4E | RT3E | RT2 Res
EN 2EN EN
EN N EN N N N N N EN
RW | RW | RW | RW | RW RW RW | RW RW RW RW RW
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WW | RTC
Res SPi2 | Re Res | DG APB Res | Res | Res | Res TIM7 ) TIM Res Res TIM3 | TIM2
EN S EN 6EN EN EN
EN EN
RW RW RwW RW RW RW RW RW
Bit Name R/W Reset Value Function
LP Timerl module clock enable.
31 LPTIMEN RW 0 0: Disable
1: Enable
OPA module clock enable.
30 OPAEN RW 0 0: Disable
1: Enable
DAC module clock enable.
29 DACEN RW 0 0: Disable
1: Enable
Low power control block clock enable.
28 PWREN RW 0 0: Disable
1: Enable
CTC module clock enable.
27 CTCEN RW 0 0: Disable
1: Enable
26 Reserved - - Reserved
CAN module clock enable.
25 CANEN RW 0: Disable
1: Enable
24 Reserved - - Reserved
USB module clock enable.
23 USBEN RW 0 0: Disable
1: Enable
12C2 module clock enable.
22 12C2EN RW 0 0: Disable
1: Enable
12C1 module clock enable.
21 I2C1EN RW 0 0: Disable
1: Enable
20 Reserved - - Reserved
USART4 module clock enable.
19 USART4EN RW 0 0: Disable
1: Enable
USART3 module clock enable.
18 USART3EN RW 0 0: Disable
1: Enable
17 USART2EN RW 0 USART2 module clock enable.
0: Disable
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Bit Name R/W Reset Value Function
1: Enable

16:15 Reserved - - Reserved

SPI2 module clock enable.
14 SPI2EN RW 0: Disable
1: Enable

13:12 Reserved - - Reserved

Window WDG module clock enable.
0: Disable
1: Enable

11 WWDGEN RW 0

This register is cleared by hardware system reset.
RTC Module APB clock enable.

10 RTCAPBEN RW 0 0: Disable

1: Enable

9:6 Reserved - - Reserved

TIM7 module clock enable.
5 TIM7EN RW 0 0: Disable
1: Enable

TIM6 module clock enable.
4 TIMG6EN RW 0 0: Disable
1: Enable

3:2 Reserved - - Reserved

TIM3 module clock enable.
1 TIM3EN RW 0 0: Disable
1: Enable

TIM2 module clock enable.
0 TIM2EN RW 0 0: Disable
1: Enable

8.5.16. APB peripheral clock enable register 2 (RCC_APBENR2)
Address offset:0x40
Reset value:0x0000 0000

This register is set and cleared by software.

1
31 30 29 | 28 27 26 25 24 23 22 21 20 g 18 17 16
TIM | TIM
Re | Re | Re Re | LCD | COMP | COM COMP R Re
Res Res Res Res 17 16
S S S S EN 3EN P2EN 1EN es S
EN EN
RW RW RW RW RW RwW
15 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
SY
TIM | USAR SPI | TIM | MCU
Re ADC | Re R S
14 Tl 1 1 DBG Res Res Res Res Res Res
S EN S es CF
EN EN EN | EN EN G
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EN
R R
RwW RW W RW | RW RwW W
Bit Name R/W Reset Value Function
31:24 Reserved - - Reserved
LCD module clock enable.
23 LCDEN RW 0 0: Disable
1: Enable
COMP3 module clock enable.
22 COMP3EN RW 0 0: Disable
1: Enable
COMP2 module clock enable.
21 COMP2EN RW 0 0: Disable
1: Enable
COMP1 module clock enable.
20 COMP1EN RW 0 0: Disable
1: Enable
19 Reserved - - Reserved
TIM17 module clock enable.
18 TIM17EN RW 0 0: Disable
1: Enable
TIM16 module clock enable.
17 TIM16EN RW 0 0: Disable
1: Enable
TIM15 module clock enable.
16 TIM15EN RW 0 0: Disable
1: Enable
TIM14 module clock enable.
15 TIM14EN RW 0 0: Disable
1: Enable
USART1 module clock enable.
14 USARTI1EN RW 0 0: Disable
1: Enable
13 Reserved - - Reserved
SPI1 module clock enable.
12 SPIEN RW 0 0: Disable
1: Enable
TIM1 module clock enable.
11 TIM1EN RW 0 0: Disable
1: Enable
MCUDBG module clock enable.
10 MCUDBGEN RW- 0 0: Disable
1: Enable
9 ADCEN RW 0 ADC module clock enable.
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Bit Name R/W Reset Value Function

0: Disable

1: Enable
8:1 Reserved - - Reserved

SYSCFG, COMP and VREFBUF module clock enable.
0 SYSCFGEN RW 1 0: Disable

1: Enable

8.5.17. Peripheral independent clock configuration register (RCC_CCIPR)

Address offset:0x54

Reset value:0x0000 0000

This register is set and cleared by software.

31|30 29 | 28 | 27 26 25 24 23 22 21 | 20 19 18 17 | 16
Res Res | Res | Res Res Res Res Res | Res | Res | Res LPT[Ill\/.I;]SEL Res | Res
RW RW
15 | 14 | 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res Res Res COMPS | COMP2 | COMPL | PVD | CAN Res | Res | Res Res | Res | Res
SEL SEL SEL SEL | SEL
RwW RW RW RW | RW
Bit Name R/W Reset Value Function
31:20 Reserved - - Reserved
LPTIM1 internal clock source selection.
00: PCLK
19:18 LPTIMSEL[1:0] RW 26b 00| 01:LSI
10: No clock
11: LSE
17:11 Reserved - - Reserved
COMP3 module clock source selection.
0: PCLK
10 COMP3SEL RW 0 1: LSC (clock after RCC_BDCR.LSCOSEL selection)
Note: Configure to select the LSC clock before enabling
COMP3_FR.FLTEN.
COMP2 module clock source selection.
0: PCLK
9 COMP2SEL RW 0 1: LSC (clock after RCC_BDCR.LSCOSEL selection)
Note: Configure to select the LSC clock before enabling
COMP2_FR2.FLTEN.
COMP1 module clock source selection.
8 COMP1SEL RW 0 0: PCLK
1: LSC (clock after RCC_BDCR.LSCOSEL selection)
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Bit

Name

R/W

Reset Value

Function

enabling COMP1_FR1.FLTEN.

Note: Configure this register to select the clock before

PVDSEL

RW

PVD detect clock source selection.
0: PCLK

FLTEN.

1: LSC (clock after RCC_BDCR.LSCOSEL selection)
Note: When PCLK is selected as clock source,
PWR_CR1.FLTEN needs to be configured to 0. If
FLTEN is enabled, LSC clock must be selected and LSC
clock is configured to be selected before enabling

CANSEL

RW

CAN module clock source selection.
0: PLL
1: HSE

5.0

Reserved

Reserved

8.5.18. RTC domain control register (RCC_BDCR)

Address offset:0x5C

Reset value:0x0000 00001 reset by POR/BOR

When this register is accessed continuously,
31 30 29 28 | 27 26 25 24 23 22 21 20 19 18 17 16
LSC
R LSC
Res | Res | Res Res | Res OE Res | Res Res Res | Res Res Res BDRST
es OSEL
N
RwW RW | RW RW
15 14 13 12 | 11 10 9 8 7 6 5 4 3 2 1 0
RT LSE | LSEC
R RTCSEL[1x LSE- | LSER
C Res | Res Res | Res Res | CS SSO Res | Res LSEON
es 0] BYP DY
EN SD N
RW RW RwW R RW RW R RW
Bit Name R/W Reset Value Function
31:26 Reserved - - Reserved
Low-speed clock selection.
25 LSCOSEL RW 0 0: LSl
1: LSE
Low-speed clock enable.
24 LSCOEN RW 0 0: Disable
1: Enable
23:17 Reserved - - Reserved
RTC domain soft reset.
16 BDRST RW 0 0: No effect
1: Reset
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Bit Name R/W Reset Value Function

RTC clock enable. Software set or reset.
15 RTCEN RW 0: Disable
1: Enable

14:10 Reserved - - Reserved

RTC clock source selection.

00: No clock

01: LSE

10: LSI

9:8 RTCSEL[1x 0] RW 0 11: HSE divided by 128

Once the RTC clock source is selected, it cannot be
changed, except in the following cases:

A RTC s reset to 00

A Selected as LSE (LSECSSD = 1) but no LSE

7 Reserved - - Reserved

CSS detect LSE failure.

This bit is set by hardware to indicate that the CSS failed
6 LSECSSD R 0 to detect the 32 KHz OSC (LSE).

0: Failure to detect LSE

1: Failure to detect LSE

CSS enables the LSE clock.

0: disable;

1: enable;

5 LSECSSON RW Note: LSEON=1 and LSERDY=1 must be enabled before
LSECSSON can be enabled.

Once this bit is enabled, it cannot be disabled again un-
less LSECSSD=1.

4:3 Reserved - - Reserved
LSE OSC bypass
0: Not bypassed, low-speed external clock selects the

crystal;

2 LSEBYP RW 1: Bypassed, low-speed external clock selects the external
interface input clock;

Note: This bit can only be written when the external 32
KHz OSC is disabled (LSEON=0 and LSERDY=0).

LSE OSC ready.

1 LSERDY R Hardware configuration of this bit to 1 indicates that the

LSE clock is ready.
LSE OSC enable.
0 LSEON RW 0: disable;

1: enable;

8.5.19. Control/status register (RCC_CSR)
Address offset:0x60

Reset value:0x0000 0000
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The reset flag bit in this register can only be reset by power reset, the others are reset by system re-

set.
When this register is accessedc ont i nuously, 0 O wait state O 3.
31 30 29 28 27 26 25 24 23 22 | 21 | 20 | 19 | 18 | 17 16
IWD PW
WWD SFT PIN | OBL
Re G R RMV | Re | Re | Re | Re | Re
G RST RST | RST Res Res | Res
RST RST F S S S S S
RSTF F F F
F F
R R R R R RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LSl
Re PINRST_F Re | Re | Re | Re | Re LSIO
Res Res | Res | Res | Res | Res Res RD
LTDIS S S S S S N
Y
RW R RW
Bit Name R/W Reset Value Function
31 Reserved - - Reserved
Window WDG reset flag.
30 WWDGRSTF R 0 ) o
Setting RMVF to 1 clears this bit.
IWDG reset flag.
29 IWDGRSTF R 0 ] o
Setting RMVF to 1 clears this bit.
Soft reset flag.
28 SFTRSTF R 0 ] o
Setting RMVF to 1 clears this bit.
BOR/POR/PDR reset flag.
27 PWRRSTF R 0 ] o
Setting RMVF to 1 clears this bit.
External NRST pin reset flag.
26 PINRSTF R 0
Setting RMVF to 1 clears this bit.
Option byte loader reset flag.
25 OBLRSTF R 0 ] o
Setting RMVF to 1 clears this bit.
24 Reserved - - Reserved
23 RMVF RW 0 Reset flags [30:25] need to be cleared by software.
22:9 Reserved - - Reserved

NRST filter width 20 us disable

0: HSI_10 M enabled, and the filtering 20 us width function
8 PINRST_FLTDIS RW 0 is enabled

1: The filtering function is disabled and synchronized to

the system clock to generate a system reset

7:2 Reserved - - Reserved
LS| OSC stable flag.
1 LSIRDY R 0 0: LSl is not stable

1: LSI has stabilized

LSI OSC enable.
0: Disable

0 LSION RW 0

115913



116913

PY32F07X Reference Manual

Function

hardware IWDG enable;

LSECSS enable;

1.
2.

Hardware enable for analog LSI:

1: Enabled

Reset Value

R/W

Name

Bit

8.5.20. RCC register address map
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9.Clock Calibration Controller (CTC)

9.1.

9.2.

9.3.

9.3.1.

CTC introduction

The clock calibration controller (CTC) uses hardware to automatically calibrate the RC crystal (HSI)

when the internal configuration is 16 MHz and use the 3x PLL (48 M) as the clock source of the

USBD module, hereinafter the PLL generated by the HSI configuration of 16 M and 3x frequency is

referred to as PLL48M. The CTC module is based on an external high-precision reference source to

calibrate the HSI clock frequency by automatically or manually adjusting the calibration value to ob-

tain an accurate PLL48M clock.

CTC main features

A

Three external reference signal sources: GPIO, LSE clock, USBD_SOF

Provision of software-referenced synchronization pulses;

Hardware auto-calibration without software operation;

16 bits calibration counter with reference signal source capture and reload function;

8 bits of clock calibration base for frequency evaluation and auto-calibration;

Flag bits and interrupts to indicate the status of the clock calibration: calibration success status

(CKOKIF), warning status (CKWARNIF) and error status (ERRIF).

CTC Function Description

CTC Block Diagram
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9.3.2.

9.3.3.

CTCPCLK APB BUS
A {}
Register
REFSEL
REFPSC SWREFPUL
USBLSOF »> v
CTCSYNC > Pre- Crossover ;f R
» >
e —4—— 11,12,14F /128 N
1' bo——
REF synchronizatioh
- pulse
HSKaMm -
> CTC ) RLVALUE
Counter
T REFDIR
%)
E
5 <:::J7 REFCAP
(@]
© TRIM
———— TRIM value Comparator
adjustment
e | CKLIM

Fi g9A€@T@rchitecture Block Diagram
REF synchronous pulse generator
First, the reference signal source: GPIO, LSE clock output or USBD_SOF is selected by setting the
REFSEL bit in the CTC_CTL1 register (CTC control register 1).
Then, the signal polarity when synchronizing the reference source can be configured by setting the
REFPOL bit in the CTC_CTL1 register, and a suitable synchronous clock frequency signal (no
greater than 48KHz) can be generated by setting the REFPSC bit in the CTC_CTL1 register.
If a software reference pulse signal needs to be used, the SWREFPUL bit in the CTC_CTLO register
(CTC control register 0) needs to be set to 1. The software reference pulse signal and the external
reference pulse signal perform a logical 'or' operation at the end.
CTC calibration counter
The CTC clock calibration counter is clocked by the PLL48M. After setting the CNTEN bit in the
CTC_CTLO register, the counter starts counting down from the RLVALUE value (RLVALUE is de-
fined in the CTC_CTL1 register) when the first REF sync pulse signal is detected. Each time a REF
synchronization pulse signal is detected, the counter reloads the RLVALUE value and starts counting
down again. If the REF sync pulse signal is never detected, the counter counts down to zero, then

counts up to 128 x CKLIM (CKLIM is defined in CTC_CTL1), and finally stops until the next REF
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9.3.4.

sync pulse signal is detected. Once the REF sync pulse signal is detected, the count value of the
current CTC calibration counter is captured and stored in the REFCAP bit in CTC_STAT CTC Status
Register), and the count direction of the current counter is stored in the REFDIR bit in CTC_STAT.

The details are shown in the figure below.

Counting
vakue
4

RLVALY

12&CKLIM|

3xCKLIM

CKLIM

TRIMVALUE

Fi gur2ecTC al i bration counter
Frequency evaluation and automatic calibration process
When the REF synchronization pulse signal appears, the clock frequency evaluation function starts
to execute. If the REF synchronization pulse signal appears during the counter counting down, the
current clock frequency is slower than the desired clock frequency (frequency of 48 M), and the
TRIMVALUE value (clock calibration value) in CTC_CTLO needs to be increased. If the REF syn-
chronization pulse signal appears during the counter up counting, it means the current clock fre-
qguency is faster than the desired clock frequency, and the TRIMVALUE value needs to be de-
creased. The CKOKIF bit, CKWARNIF bit, CKERR bit and REFMISS bit in CTC_STAT reflect the
status of the frequency evaluation.
If the AUTOTRIM (hardware auto-calibration mode) position 1 in CTC_CTLO, the hardware auto-cali-
bration mode is enabled. In this mode, if the REF sync pulse signal appears during the counter
counting down, it means the current clock frequency is slower than the desired clock frequency, and
the TRIMVALUE value in CTC_CTLO will be increased automatically to increase the current clock
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frequency. Conversely, if the REF synchronization pulse signal appears in the process of counter up

counting, it means the current clock frequency is faster than the desired clock frequency, and the

TRIMVALUE value will be automatically decreased to reduce the current clock frequency.

A

>

>

>

When Counter < CKLIM, the REF synchronization pulse signal is detected:

The CKOKIF bit (clock calibration success flag bit) in CTC_STAT is set, and an interrupt will be

generated if the CKOKIE bit (clock calibration completion interrupt enable bit) in CTC_CTLO is

setto 1. If AUTOTRIM in CTC_CTLO is set to 1, the TRIMVALUE value in CTC_CTLO remains

unchanged.

When CKLIM O Counter < 3 x CKLI M,

t

he REF sync

The CKOKIF bit in CTC_STAT is set and an interrupt will be generated if CKOKIE position 1 in

CTC_CTLO. If the AUTOTRIM position in CTC_CTLO is 1, the TRIMVALUE value in CTC_CTLO

will be added by 1 during the count down and subtracted by 1 during the count up.

When 3 x CKLIM O Counter < 128 x CKLI M, the

The CKWARNIF bit (Clock Calibration Warning Interrupt bit) in CTC_STAT is set, and an inter-

rupt will be generated if the CKWARNIE bit (Clock Calibration Warning Interrupt Enable bit) in

CTC_CTLO is setto 1. If the AUTOTRIM bitin CTC_CTLO is set to 1, the TRIMVALUE value in

CTC_CTLO will be added by 2 during the count down and subtracted by 2 during the count up.

Counter O 128 x CKLIM, the counter

count down:

detect s

The CKERR bit (clock calibration error bit) in CTC_STAT is set, and an interrupt will be gener-

ated if the ERRIE bit (error interrupt enable bit) in CTC_CTLO is set to 1. The TRIMVALUE value

in CTC_CTLO remains unchanged.

Counter = 128 x CKLIM, the counter is counting upwards during:

REFMISS bit (REF synchronous pulse loss bit) in CTC_STAT is set and an interrupt will be gen-

erated if ERRIE position 1 in CTC_CTLO. The TRIMVALUE value in CTC_CTLO remains un-

changed.
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9.3.5.

9.4.

9.4.1.

If the calibration value of TRIMVALUE in CTC_CTLO is greater than 127, an overflow event will oc-
cur, and if the calibration value of TRIMVALUE is less than 0, a underflow event will occur. The value
of TRIMVALUE is from 0 to 127 (when an overflow event occurs, TRIMVALUE value is 127; when a
underflow event occurs, TRIMVALUE value is 0). Then, the TRIMERR bit (calibration value error bit)
in CTC_STAT will be set and an interrupt will be generated if the ERRIE position 1 in CTC_CTLO is
set.
Software Programming Guidelines
The RLVALUE bit and the CKLIM bit in CTC_CTL1 are key for clock frequency evaluation and hard-
ware auto-calibration. Their values are calculated from the frequency of the desired clock (PLL: 48
MHZz) and the frequency of the REF synchronization pulse signal. Ideally, the REF sync pulse signal
appears when the CTC counter counts to zero, so the value of RLVALUE is:

RLVALUE = (Fclock +FREF) T 1
The value of CKLIM is set by the user according to the accuracy of the clock, and it is generally rec-
ommended to set it to half of the step size, so the value of CKLIM is:

CKLIM = (Fclock +FREF) x0.12% =2
The typical step value is 0.12%, Fclock is the frequency of the desired clock (48 MHz), FREF is the
frequency of the REF synchronization pulse signal.
TRIMVALUE in CTC_CTLO can be written by software when AUTOTRIM bit is 0. However, modifying
TRIMVALUE will directly affect the frequency of the HSI clock, therefore, TRIMVALUE should not be
modified by software at will. it is recommended that users modify it in the middle of two reference sig-
nals, judging from the flag bit (see Frequency evaluation and auto-calibration process for details); Or

if a reliable value already exists, the user can directly modify the value of HSI_TRIM in RCC_ICSCR.

CTC Register
CTC control register 0 (CTC_CTLO)
Address offset:0x00

Reset value:0x0000 4000

‘31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20‘19‘18‘17|16‘
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Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AU- CK
SW
TO- | CNT ERE | ERR | WA | CKO
Res TRIMVALUE[6:0] REF Res
TRI | EN FIE IE RNI | KIE
PUL
M E
RW‘RW‘RW‘RW‘RW‘RW‘RW RW | RW | RW RW | RW | RW | RW
Bit Name R/W Reset Value Function
31:12 Reserved - - Reserved

PLL48M Calibration Value.

When the AUTOTRIM value in CTC_CTLO is 0, this bit
is set and cleared by software and this mode is used for
the software calibration process.

When the AUTOTRIM value in CTC_CTLO is 1, this bit
is read-only and is automatically modified by hardware;
14:8 TRIMVALUE[6:0] RW 76b100¢(
this mode is used for the hardware calibration process.
The middle value of TRIMVALUE is 64, when
TRIMVALUE value is added by 1, the PLL48M clock fre-
guency is increased by approximately 48KHz. When
TRIMVALUE value is subtracted by 1, the PLL48M clock

frequency is decreased by approximately 48 KHz.

Software generated synchronous reference signal pulse.
This bit is set by software and provides a synchronous
reference pulse signal to the CTC counter. This bit is au-

tomatically cleared by hardware and returns 0 on read

7 SWREFPUL RW 0 )

operation.

0: no effect;

1: software generates a synchronous reference pulse

signal;

Hardware auto-calibration mode.

This bit is set or cleared by software. When this position

is 1, the hardware auto-calibration mode is enabled and
5 AR RW 0 the TRIMVALUE value in CTC_CTLO is continuously

and automatically modified by hardware until the clock

frequency of PLL48M reaches 48 MHz.

0: Disable hardware auto-calibration mode

1: Enable hardware auto-calibration mode

CTC Counter Enable.

This bit is set or cleared by software and is used to ena-
5 CNTEN RW 0 ble or disable the CTC counter. When this position is 1,

the value of CTC_CTL1 cannot be modified.
0: disables the CTC counter
1: Enables the CTC counter
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Bit Name R/W Reset Value Function
4 Reserved - - Reserved
Expected reference signal interrupt enable.
0: Disable interrupt generation by the desired reference
3 EREFIE RW 0 signal
1: Enable the desired reference signal to generate inter-
rupts
Error interrupt enable.
2 ERRIE RW 0 0: Disable error interrupt
1: Enable error interrupt
Clock calibration warning interrupt enable.
1 CKWARNIE RW 0 0: Disable clock calibration warning interrupt
1: Enable clock calibration warning interrupt
Clock calibration completion interrupt enable.
0 CKOKIE RW 0 0: Disable clock calibration completion interrupt
1: Enable clock calibration completion interrupt
9.4.2. CTC control register 1 (CTC_CTL1)
Address offset:0x04
Reset value:0x2022 BB7F
This register can only be accessed by word (32 bits). When CNTEN is 1, the value of this register
cannot be modified.
31 30 29 28 27 26 ‘ 25 ‘ 24 23 ’ 22 ’ 21 ‘ 20 ’ 19 ‘ 18 ‘ 17 | 16
REF
POL Res | REFSEL[1:0] | Res REFPSC[2:0] CKLIM[7:0]
RW RW RwW RW RW RW RW RW RwW RW RW RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RLVALUE[15:0]
RWIRWIRW‘RWIRW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RWIRW
Bit Name R/W Reset Value Function
Reference Signal Source Polarity.
This bit is set or cleared by software and is used to se-
31 REFPOL RW 0 lect the synchronous polarity of the reference signal
source.
0: Selects the rising edge
1: Selects the falling edge
30 Reserved - - Reserved
Reference Signal Source Select.
This bit is set or cleared by software and is used to se-
29:28 REFSEL[1:0] RW 2 6 b 1 0| lectthe reference signal source.
00: Selects the GPIO input signal
01: Selects the LSE clock
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Bit Name R/W Reset Value Function
10: Select USBD_SOF signal

11: Reserved, select 0

27 Reserved - - Reserved

Reference signal source prescaler.

This bit is set or cleared by software.

000: Reference signal is not crossed over
001: Reference signal 2-division

2624 REFPSC[2:0] RW 35000 010: Reference s?gnal 4-d.iv.is.ion

011: Reference signal 8 divisions
100: Reference signal 16 divisions
101: Reference signal 32 divisions
110: Reference signal 64 divisions

111: Reference signal 128 divisions

Clock Calibration Timebase Limit.

This bit is set or cleared by software and is used to de-
23:16 CKLIM[7:0] RW 0x22 fine the clock calibration time base limits. This bit is used
for frequency evaluation and automatic calibration pro-
cesses.

CTC Counter Reload Value.

This bit is set or cleared by software and is used to de-
15:0 RLVALUE[15:0] RW 0xBB7F fine the CTC counter reload value that will be reloaded
into the CTC calibration counter when a synchronous

reference pulse is detected.

9.4.3. CTC Status Register 1 (CTC_SR)
Address offset:0x08

Reset value:0x0000 8000

31‘30‘29‘28‘27'26‘25‘24‘23‘22‘21|20|19‘18‘17|16
REFCAP[15:0]

R R R R R R R R R R R R R R R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CK
TRI | REF
REF CKE ERE | ERR | WA | CKO
Res | Res Res | Res ME MIS Res Res Res | Res
DIR RR FIF IF RNI KIF
RR S
F
R R R R R R R R
Bit Name R/W Reset Value Function

The CTC counter captures the value.

When a synchronous reference pulse signal is detected,

31:16 REFCAP[15:0] R 0 _ o _
the count value in the CTC calibration counter is stored
in the REFCAP bit.
15 REFDIR R 1 CTC calibrates the clock count direction.
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Bit

Name

R/W

Reset Value

Function

When a synchronous reference pulse signal is detected,
the CTC calibration counter count direction is stored in
the REFDIR bit.

0: Count up

1: Count down

14:11

Reserved

Reserved

10

TRIMERR

Calibration value error bit.

This bit is set by hardware when the TRIMVALUE value
in CTC_CTLO overflows or underflows. If ERRIE position
1in CTC_CTLO, an interrupt will be generated. The
TRIMERR bit can be cleared to zero by writing 1 to the
ERRIC bit in CTC_INTC.

0: No calibration value error occurred

1: Calibration value error occurred

REFMISS

Synchronous reference pulse signal is lost.

This bit is set by hardware when the synchronous refer-
ence pulse signal is lost. The REFMISS position bit
when the CTC calibration counter counts up to 128 x
CKLIM without detecting the synchronous reference
pulse signal during incremental counting. This indicates
that the current clock is too fast to calibrate to the de-
sired frequency value, or that some other error has been
generated. The REFMISS bit can be cleared by writing 1
to the ERRIC bitin CTC_INTC.

0: No synchronous reference pulse signal is missing

1: Loss of synchronous reference pulse signal

Note: To prevent the REFMISS from setting again after
clearing the REFMISS and the ERRIF generated at the
same time, you can write the ERRIC bit repeatedly until
the flag bit is no longer set by clearing the CNTEN bit
first.

CKERR

Clock calibration error bit.

This bit is set by hardware when a clock calibration error
is generated. When the CTC calibration counter count
value is greater than or equal to 128 x CKLIM during
decimal counting and a synchronous reference pulse
signal is detected, CKERR is set, indicating that the cur-
rent clock is too slow to calibrate to the desired fre-
quency value. When ERRIE in CTC_CTLO is setto 1, an
interrupt is generated. The CKERR bit can be cleared by
writing 1 to the ERRIC bit in CTC_INTC.

0: No clock calibration error occurs

1: A clock calibration error occurred

74

Reserved

Reserved

EREFIF

Desired reference interrupt flag bit.
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Bit

Name

R/W

Reset Value

Function

When the CTC calibration clock counter counts to 0, a
reference signal is detected and this bit is set by hard-
ware. When EREFIE in CTC_CTLO is set to 1, an inter-
rupt is generated. The EREFIF bit can be cleared to
zero by writing 1 to the EREFIC bit in CTC_INTC.

0: No expected reference signal generation

1: Expected reference signal generation

ERRIF

Error interrupt flag bit.

This bit is set by hardware when an error occurs. This bit
is set whenever a TRIMERR, REFMISS or CKERR error
occurs. When ERRIE in CTC_CTLO is set, an interrupt is
generated. The ERRIF bit can be cleared by writing 1 to

the ERRIC bitin CTC_INTC.

0: No error occurred

1: Error occurred

CKWARNIF

Clock calibration warning interrupt flag bit.

This bit is set by hardware when a clock calibration
warning is generated. CKWARNIF is set when the CTC
calibration counter count is greater than or equal to
3xCKLIM and less than 128xCKLIM, and a synchronous
reference pulse signal is detected. This indicates that
the current clock frequency is too slow or too fast, but
that the desired frequency value can be achieved by cal-
ibration. When the clock calibration warning is gener-
ated, the TRIMVALUE value is added by 2 or subtracted
by 2. When CKWARNIE in CTC_CTLO is setto 1, an in-
terrupt is generated. The CKWARNIF bit can be cleared
to zero by writing 1 to the CKWARNIC bit in CTC_INTC.
0: No clock calibration warning occurs

1: A clock calibration warning has occurred

CKOKIF

Clock calibration success interrupt flag bit.

This bit is set by hardware when the clock calibration is
successful. If a synchronous reference pulse signal is
detected when the CTC calibration counter count value
is less than 3 x CKLIM, CKOKIF is set. This means that
the current clock frequency is normal and can be used
without clock calibration by TRIMVALUE value. When
CKOK-IE in CTC_CTLO is setto 1, an interrupt is gener-
ated. The CKOKIF bit can be cleared to zero by writing 1
to the CKOKIC bit in CTC_INTC.

0: clock calibration unsuccessful

1: Clock calibration successful

9.4.4. CTC interrupt clear register (CTC_INTC)

Address offset:0x0C
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Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ERE- | ER | CKWA | CKO
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res
FIC RIC RNIC KIC
w w w w
Bit Name R/W Reset Value Function
314 Reserved - - Reserved
EREFIF interrupt clear bit.
This bit can only be written by software, read operation
3 EREFIC w 0 N -
returns 0. Writing 1 clears the EREFIF bit in CTC_STAT,
writing 0 has no effect.
ERRIF interrupt clear bit.
This bit can only be written by software, and a read op-
2 ERRIC W 0 eration returns 0. A write of 1 clears the ERRIF,
TRIMERR, REFMISS, and CKERR bits in CTC_STAT; a
write of 0 has no effect.
CKWARNIF interrupt clear bit.
This bit can only be written by software, a read operation
1 CKWARNIC w 0 ] o
returns 0. A write of 1 clears the CKWARNIF bit in
CTC_STAT, a write of 0 has no effect.
CKOKIF interrupt clear bit.
This bit can only be written by software, read operation
0 CKOKIC W 0 . .
returns 0. Writing 1 clears the CKOKIF bit in
CTC_STAT, writing 0 has no effect
9.4.5. CTCregister Image
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10.

10.1.

10.2.

10.3.

General-purpose I/Os (GPIO)

GPIO introduction

The GPIOs contain PA[15:0], PB[15:0], PC[15:0] and PF[9:0], and each GPIO port has:

A

>

Four 32-bit configuration registers (GPIOx_MODER, GPIOx OTYPER, GPIOx_OSPEEDR,
GPIOx_PUPDR)

Two 32-bit data registers (GPIOx_IDR and GPIOx_ODR)

One 32-bit set/reset register (GPIOx_BSRR)

One 32-bit lock register (GPIOXx_LCKR)

Two alternate function selection registers (GPIOx_AFRH and GPIOx_AFRL).

GPIO main features

>

Register support IO Port/AHB bus read/write

Output status: push-pull or open drain + pull-up/down

Output data from output data register (GPIOx_ODR) or peripheral (alternate function output)
Speed selection for each 110

Input status: floating, pull-up/down, analog

Input data to input data register (GPIOx_IDR) or peripheral (alternate function input)
Set/reset register (GPIOx_BSRR) for bitwise write access to GPIOx_ODR

Locking mechanism (GPIOx_LCKR) provided to freeze the I/O port configuration function
Analog function

Alternate functions selection registers (at most 16 AFs per I/O port)

Fast toggle capable of changing every single cycle

Highly flexible pin multiplexing allows the use of I/O pins as GPIOs or as one of several peripheral

function

GPIO functional description

Each port bit of the GPIO ports can be individually configured by software in several modes:

A

Input floating
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A Input pull-up

A Input pull-down

A Analog input

A Output open-drain with pull-up or pull-down capability

A Output puss-pull with pull-up or pull -down capability

A Alternate function push-pull with pull-up or pulli down capability

A Alternate function open-drain with pull-up or pull-down capability

Each 1/O port bit is freely programmable, however the I/O port registers have to be accessed as 32-
bit words, half-words or bytes. The purpose of the GPIOx_BSRR and GPIOx_BRR registers is to al-
low atomic read/modify accesses to any of the GPIOx_ODR registers. In this way, there is no risk of
an IRQ occurring between read and modify access.

The following diagram gives the basic structure of an I/O port (1bit).

Analog input/output
To onchip peripheraﬁs,
power control and EXTI .~ o VA 1
Digital input } |
« : !
| I
I
&V | |
AN |
-qa)) } On/off } VDD__
Read ; } ‘ }
T e = ; =
;‘:’ 5 } TTL Schmitt Trigger } On/off
E B lmewdiver
Write @ } Output driver D
g } I/O pad
= © I >
Q T = I On/off |2
“ T8 |
_ [ 3 2 ‘
Read/write L =0 } —— Output control
“——» 0 }
I -
From onchip ; ‘
. Alternate function output |
peripheral }
Fi gulreéBasi ¢c structure of an |/ O port

10.3.1. General-purpose I/0 (GPIO)
During and after reset, the alternate functions are not active and most of the 10s are configured in

analog mode.
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10.3.2.

The debug pins are in alternate function pull-up or pull-down after reset:

A PA14-SWCLK: in pull-down mode

A PA13-SWDIO: in pull-up mode

Boot pin is set to input pull-down mode after reset:

A PF8-Boot: in pull-down mode

When the pin is configured as output, the value written to the output data register (GPIOx_ODR) is

output on the I/O pin. It is possible to use the output drive in push-pull mode or open-drain mode (only

the low level is driven, high level is HI-Z).

The input data register (GPIOx_IDR) captures the data present on the 1/0 pin at every AHB clock cycle.

All GPIO pins have weak internal pull-up and pull-down resistors, which can be activated or not de-

pending on the value in the GPIOx_PUPDR register.

I/O pin alternate function multiplexer and mapping

The device 1/O pins are connected to on-board peripherals/modules through multiplexers that allows

only one peripheral alternate function (AF) connected to an I/O pin at a time. In this way, there can be

no conflict between peripherals available on the same 1/O pin.

Each I/O port has a multiplexer with up to 16 alternate function inputs (AFO0 to AF15), which can be

configured through the registers GPIOx_AFRL (for pin 0 to 7) and GPIOx_AFRH (for pin 8 to 15).

After reset, the multiplexer selection is AF0. The 1/Os are configured in alternate function mode through

GPIOx_MODER register.

A The alternate function assignments for each pin are details in section 3.1-3.3.

In addition to this flexible multiplexer architecture, each peripheral has alternate functions mapped onto

different I/O pins to optimize the number of peripherals available in smaller packages.

The user configures 10 as follows:

A Debug function: After each reset, these pins are assigned as alternate function pins immediately
usable by the debugger host.

A GPIO: Configure the corresponding I/O port as output, input or analog mode in GPIOx_MODER

register.

137913



PY32F07X Reference Manual

10.3.3.

Peripheral multiplexing function:

The 1/0 corresponding to the register GPIOx_AFRL or GPIOx_AFRH configuration is the
alternatef uncti on x (x = 0é 15).

Registers GPIOx_OTYPER, GPIOx_PUPDR and GPIOX_OSPEEDER configure the type,
pull-up/pull-down and output speed respectively.

Configure the corresponding I/O as an alternate function in the GPIOx_MODER register.

Bus read/write function: The GPIO module not only supports reading and writing GPIOX registers

through 10 port, but also supports reading and writing registers through AHB bus. The register

access mode is selected by the GPIO_AHB_SEL bit of SYSCFG module. When GPIO_AHB_SEL

bit is 0, only GPIOx registers can be accessed through 10 port; when GPIO_AHB_SEL is 1, only

GPIOXx registers can be accessed through AHB bus.

The AHB bus accesses GPIO registers by supporting DMA in addition to CPU, i.e. DMA can

access GPIO registers directly through the AHB bus.

Additional functions:

i

ADC and COMP functions are enabled in the registers of the ADC and COMP modules, in
every I/O configuration. When the 1/O is used as ADC or COMP, it is recommended to con-
figure the port as analog mode through the register GPIOx_MODER

For additional functions of the crystal oscillator, configure the respective functions in the cor-
responding PWR and RCC module registers. These configurations have higher priority than

standard GPIO configurations.

I/O port control registers

Each of the GPIO ports has four 32-bit memory-mapped control registers (GPIOx_MODER,
GPIOXx_OTYPER, GPIOx_OSPEEDR and GPIOx_PUPDR) to configure up to 16 I/Os. The register
GPIOx_MODER is used to select the I/O mode (input, output, AF, analog). The GPIOx_OTYPER
and GPIOx_OSPEEDR registers are used to select the output type (push-pull or open-drain) and

speed. The GPIOx_PUPDR register is used to select the pull-up/pull-down whateverr the I/O direc-
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10.3.4. 1/O port data registers
Each GPIO has two 16-bit memory-mapped data registers: input and output data registers
(GPIOx_IDR and GPIOx_ODR). GPIOx_ODR stores the data to be output, it is read/written accessi-
ble. The data input through the I/O are stored into the input data register (GPIOx_IDR), a read-only
register.

10.3.5. I/0O data bitwise handling
The bit set reset register (GPIOx_BSRR) is a 32-bit register that allows the application to set and reset
each individual bits in the output data register (GPIOx_ODR). The bit set reset register has twice the
size of GPIOx_ODR.
To each bit in GPIOx_ODR, correspond two control bits of GPIOx_BSRR: BS(i) and BR(i). When writ-
ten bit BS(i) to 1 can set the corresponding bit of GPIOx_ODR to 1, and setting bit BR(i) to 1 can clear
the corresponding bit of GPIOx_ODR to 0.
Write any bit to 0 in GPIOx_BSRR does not have any effect on the corresponding bit in GPIOx_ODR.
If there is an attempt to both set and reset a bit in GPIOx_BSRR, the set operation has priority.
Using the GPIOx_BSRR register to change the values of individual biti n GPI Ox _ ODR hiog 0a f ¢
effect that does not lock the GPIOx_ODR bits. The GPIOx_ODR bits can always be accessed directly.
The GPIOx_BSRR register provides a way of performing atomic bitwise handling.
Software does not need to disable interrupts when performing bit operations on GPIOx_ODR: one or
more bits can be modified in a single atomic AHB1 write access.
Register GPIOx_LCKR can freeze the 10 control registers through a series of special write timings,
including GPIOx_MODER,GPIOx_OTYPER,GPIOx_OSPEEDR,GPIOx_PUPDR,GPIOx_AFRL and
GPIOx_AFRH.
A special write/read sequence can manipulate the register GPIOx_LCKR. When the right lock se-
guence is applied to bit 16 in this register, the value of LCKR[15:0] can LOCK the I/O (during the write
sequence, the value of LCKR[15:0] remains unchanged). When the LOCK sequence has been applied

to a port bit, the value of the port bit cannot be modify until the next MCU reset or peripheral reset.
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10.3.6.

10.3.7.

10.3.8.

Each GPIOx_LCKR bit freezes the corresponding bit in the control registers (GPIOx_MODER,
GPIOx_OTYPER, GPIOx_OSPEEDR, GPIOx_PUPDR, GPIOx_AFRL and GPIOx_AFRH).

The LOCK timing can only access the GPIOx_LCKR register with a word (32 bits long) because the
GPIOx_LCKR hit 16 setting also sets the [15:0] bits.

I/O alternate function input/output

Two registers are provided to select one of the alternate function input/outputs available for each 1/O.
The user can connect an alternate function to the 10 port according as required by the application.
This means that a number of possible peripheral functions are multiplexed on each GPIO using the
GPIOx_AFRL and GPIOx_AFRH alternate function registers. The application can thus select any
one of the possible functions for each 1/0. The AF selection signal being common to the alternate
function input and alternate function output, a single channel is selected for the alternate function in-
put/output of a given I/O.

External interrupt/wakeup lines

All ports have external interrupt capability. To use the external interrupt lines, the given pin must be
disabled in analog mode or as oscillator pin, so the input trigger is kepy enabled.

I/O input configuration

When the I/O port is configured as input:

A The output buffer is disabled

>

The Schmitt trigger input is enable

A The pull-up and pull-down resistors can be enabled/disabled according to the configuration of the
GPIOx_PUPDR register

A The data present on the I/O pins are sampled into the input data register on every AHB clock

cycle

A Avread access to the input data register provides the I/O status
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Analog input/output
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peripherals, powerke [mm e
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Read/write a | :
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Figada® nput floating/pull wup/pull down

10.3.9. I/O output configuration

When the I/O port is configured as output:

A

>

>

b~

>

p)

The output buffer is enabled:

U0  Open-drain mode: A '0' in the output register activates the N-MOS whereas a '1' in the output
register leaves the port in a high-impedance state (the PMOS is never activated).

0  Push-pull mode: A '0" in the output register activates the N-MOS whereas a '1' in the output
register activates the P-MOS.

The Schmitt trigger input is activated

The pull-up and pull-down resistors can be enabled/disabled according to the configuration of the

GPIOx_PUPDR register

The data present on the 1/0 pins are sampled into the input data register every AHB clock cycle

A read access to the input data register gets the 1/O state

A read access to the output data register gets the value of the last write
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Analog input/output
|Inputdriver i
T |
To onchip peripherals, _ Digital input : :
power control and EXTI™ | !
| |
—_ | I
I} | |
2 ! | vee,
o : On | i
Read ; | |
=— g = ®
f o | .
Q = : | TTL Schmitt Trigger | Onfoff L
@ 2 R I
2 S| o ,
. < | ____4
Write = I Output driver |
E— 7 ! |
o | | 1/0 pad
= i | !
= |
? 35 ! I
= = 0 | |
; Q =) | '
Read/write 5 o Output control |
- O : !
! |
. | |
From onchip Alternate function output : Pushpull or I
peripheral | open-drain |

10.3.10. Altern
Whe
A

A

>

>

>

>

Fi gulredOut put configuration
ate function configuration
n an I/O port is configured as alternate function:
In an open-drain or push-pull configuration, the output buffer is turned on
Built-in peripheral signal-driven output buffer (multiplexed function output)
The Schmitt trigger input is activated
The pull-up and pull-down resistors can be enabled/disabled according to the configuration
of the GPIOx_PUPDR register
The data present on the 1/O pins are sampled into the input data register every AHB clock
cycle

A read access to the input data register gets the 1/O state
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Analog input/output
|Input driver 1
Digital input ! nput driver |
Alternate function input < } }
[
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Fi gulreéAl t ernate function

10.3.11. Analog configuration

When an 1/O port is configured as analog configuration:

A The output buffer is disabled

>

of the 1/0O pin. The output of Schmitt trigger is forced to '0’

>

>

Read access to the input data register gets the value is '0’

The weak pull-up and pull-down resistors are disabled (software setting required)

Analog input/output

<

Tolfrom onchip
peripherals, powere
control and EXTI

| I
\ . !
I
— } Input driver }
i \ |
o w off !
[+ | | VCC_-
O ‘ \
Read = ‘ 0//‘ \
< = } ~ —@
= }
& © ! Lo } On/off |
Q - I TTL Schmitt Trigger |
0 a ‘ I
=) c L i
) o | =\ T
Wwrite ‘5 @ ‘r Output driver } ' ' D
JE— 'S I
2 g | ! 1/0 pad
= I
D o ‘ \
8 © | o ! onloft |
= © ! ‘
) o0 5 \ ‘
Read/write =3 | }
-«— {3 ! [
(@] ! \ j
— I L
| -
| I

Fi gulrédHi g h

i mpaendaalnocge conf i gurati on

The Schmitt trigger input is deactivated, providing zero consumption for every analog value
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10.3.12. Use the HSE/LSE oscillator pins as GPIOs

When the HSE or LSE oscillator is switch off (default state after reset), the related oscillator pins

can be used as normal GPIOs.

When the HSE or LSE oscillator is switch on (by setting the HSEON or LSEON bit in the

RCC_CSR register) the corresponding port needs to be configured as an analog port by software.

When the crystal oscillator is configured in a user external clock mode, only the pin is reserved

for clock input and the OSC_IN or OSC32_IN pin can still be used as normal GPIO.

10.4. GPIO registers

The GPIO related registers can be written in word, half word and byte mode.

10.4.1.

Address offset: 0x00

Reset value:

OXEBFF FFFF for GPIOA

OXFFFF FFFF for GPIOB

OXFFFF FFFF for GPIOC

0x000C FFFF For GPIOF

GPIO port mode register (GPIOx_MODER) (x = A, B, F)

31| 30| 29| 28| 27| 26| 25| 24| 23| 22| 21| 20| 19| 18| 17| 16
MODE15| MODE14| MODE13| MODE12| MODE11| MODE10| MODE9[| MODES8 |
0] 0] 0] 0] 0] 0] 0] 0]
rw| rw| rw| rw|l rw| rw| rw| rw| rw| rw| rw| rwf|r rw|r rw|lrw|rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MODE7[ | MODEG6[ | MODES5[ | MODE4[ | MODE3[ | MODE 2| MODE1[| MODEO |

0] 0]
rw| rw| rw|l rw|l rw| rw| rw| rw| rw| rw| rw| rwf|r rw|r rw|lrw|rw
Bit Name R/W Reset Value Function

y=15.0
These bits are written by software to configure the 1/O
mode
31x 0 MODEYy[1:0] RW 00: Input mode
01: General purpose output mode
10: Alternate function mode
11: Analog mode (reset state)
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10.4.2. GPIO port output type register (GPIOx_OTYPER) (x = A, B, F)
Address offset: 0x04

Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res| Res| Res| Res| Res| Res| Reg Resf Res Res Res Res| Reg Reg Res| Resg

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OT1}10T1]0T1]O0T1|OT1|OT1|{0T9 OT8 OT7O0OT6E OT5 OT4 OT3OT2 OT1 OTAQO

rw rw rw rw rw rw rw rw rwj|p rw rw rw rwj| r w rw rw

Bit Name R/W Reset Value Function

31:16 Reserved

These bits are written by software to configure the 1/0
output type

15:0 MODEJ[15:0] RW putiyp

0: Output push-pull (reset state)

1: Output open-drain

10.4.3. GPIO port output speed register (GPIOx_OSPEEDR) (x = A, B, F)
Address offset: 0x08
Reset value: 0x0C00 0000(for port A)

Reset value: 0x0000 0000(for other ports)

31 30| 29| 28 27‘ 26 25‘ 24] 23] 22 21| 20| 19] 18] 17 16
OSPEED] OSPEED] OSPEED]OSPEED|(OSPEED OSPEED| OSPEELO OSPEETL
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
15| 14| 13| 12| 112 ] 10 9 8 7 6 5 4 3 2 1 0
OSPEED| OSPEED| OSPEED| OSPEED OSPEELD OSPEED OSPEELO OSPEETL

rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw

Bit Name R/W Reset Value Function
y=15..0
These bits are written by software to configure the 1/10

output speed

31:0 OSPEEDy[1:0] RW 00:Very low speed
01:Low speed
10:High speed
11:Very high speed

10.4.4. GPIO port pull-up and pull-down register (GPIOx_PUPDR) (x = A, B, F)
Address offset: 0x0C

Reset value:
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A 0x2400 0000(for port A)
A 0x0000 0000(for port B,C)

A 0x0002 0000(for port F)

31| 30 29| 28 27‘ 26 25‘ 24| 23| 22| 21| 20| 19| 18| 17| 16
PUPD15[ PUPD14[PUPD13[PUPD12[PUPD11[PUPD10[PUPD9[|PUPDS8]
] ] ] ] ] ] ] ]
rw rw rw rw rw rw rw rw rw rw rw rw rw r w rw rw
15| 14| 13| 12| 12| 10| 9 8 7 6 5 4 3 2 1 0
PUPD7[ | PUPD6[ | PUPDS5[ | PUPD4[ | PUPD3[| PUPD2[ |PUPD1[|PUPDO|

] ]

rw rw rw rw rw rw rw rw rw rw rw rw r w r w rw rw

Bit Name R/W Reset Value Function
y=15..0

These bits are written by software to configure the 1/O

pull-up or pull-down

31:0 PUPDy [1:0] RW 00: No pull-up or pull-down
01: Pull-up

10: Pull-down

11: Reserved

10.4.5. GPIO port input data register (GPIOx_IDR) (x = A, B, F)
Address offset: 0x10

Reset value: 0x0000 XXXX

31‘ 30|29|28‘27‘ 26‘25‘24‘23‘22‘21|20‘19‘18|17‘16
Reserved

15 14| 13] 12 11 10 9 8 7 6 5 4 3 2 1 0

I D1 I D1 I D1| 1 D1| 1 D1|[I D11 DYg1 DgI D71 DgIDgI D41 D3I DJID]I D

r r r r r r r r r r r r r r r r
Bit Name R/W Reset Value Function
31:16 Reserved - - -
y=15.0
15:0 Idy R This is read-only, it contain the input value of the corre-
sponds I/O port

10.4.6. GPIO port output data register (GPIOx_ODR) (x = A, B, F)

Address offset: 0x14

Reset value: 0x0000 0000

‘ 31‘ 30‘ 29‘ 28‘ 27‘ 26‘25‘ 24‘ 23‘ 22‘ 21‘ 20‘ 19‘ 18‘ 17‘ 16‘
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Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ob1l| ob1| ob1l| ob1l| OD1) OD1| OD| OD| OD| OD| OD| OD| OD| OD| OD| OD
5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0
rw rw rw rw rw rw/| rw| rwf rw| rw| rwlrwlrw|rw|rwlrw
Bit Name R/W Reset Value Function
31:16 Reserved - - -
y=15.0
These bits are readable and writable by software.
15: 0 Ody[1:0] RW - Note: For GPIOXx_BSRR or GPIOx_BRR registers. (x
= A,B,F), each ODR bit can be independently
set/cleared.

10.4.7. GPIO port bit set/reset register (GPIOx_BSRR) (x = A, B, F)

Address offset: 0x18

Reset value: 0x0000 0000

31 30 29 28 27 26 | 25| 24| 23| 22| 21| 20| 19| 18| 17| 16
BR1{BR1{BR1|BR1|BR1|BR1|BR9BR88BR7 BR6 BR5BR4BR3BR2BR1BRO
w w w w w w w w w w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BS1{BS1{BS1|BS1|BS1|BS1|BS9BS8§BS7BS6BS5BS4BS3BS2BS1BSO0
w w w w w w w w w w w w w w w w

Bit Name R/W Reset Value Function

y=15..0
These bits are write-only. A read to these bits returns the
value of 0.

31:16 BRy W - 0: No action on the corresponding ODRY bit
1: Clear the corresponding ODRY bit
Note: If the corresponding bits of Bsy and Bry are set
at the same time, the Bsy bit has priority.
y=15..0
These bits are write-only. A read to these bits returns the

15: 0 BSy W - value of 0.
0: No action on the corresponding ODRY bit
1: Set the corresponding ODRYy bit

10.4.8. GPIO port configuration lock register (GPIOx_LCKR) (x = A, B, F)

This register is used to lock the configuration of the port bits when the correct write sequence is applied

to bit 16 (LCKK) set. The value of bits [15:0] is used to lock the configuration of the GPIO, the value of
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LCKR [15:0] must not change. When the LOCK sequence has been applied on the a port bit, the

configuration of the port bits cannot be changed until the next system reset.

Note: A special write sequence is used to write the GPIOx_LCKR register. Only word accesses can

be performed during the lock sequence.

Each lock bit freezes a specific configuration register (control and alternate function registers)

Address offset: 0x1C

Reset value: 0x0000 0000

31 30 29 28 27 26 25| 24| 23| 22| 21| 20 19 18 17 16
Res| Res| Res| Res| Res| Res| Ress Res Res Res Res Res Res Res Res LKCK
rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LCK| LCK LCK| LCK| LCK| LCKILCKLCKLCKHKLCKLCKLCKLCKLCKLCKLCK
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
rw| rw| rw| rwi| rw| rw| rw|lr rw| rwlrw|rwlrw|rwlirw|lrw|rw
Bit Name R/W Reset Value Function
31:17 Reserved - - -
This bit can be read any time, it can only be modified by
the lock key write sequence
0: The port configuration lock key not active
1: The port configuration lock key activated, and the
GPIOx_LCKR register is locked until the next system re-
set
LOCK key write sequence:
The write sequence of the lock key:
WR LCKR[16] = 6186 + LCKRJ[1
WR LCKR[16] = 606 + LCKR[1
16 LCKK RW WR LCKR[16] = 616 + LCKRJ[1
RDLCKR[ 16] = 606
RD L CKRJ[ X 6This read 6pkrétion is optional, but
it confirms that the lock is active(
Note: During the LOCK key write sequence, the value of
LCK][15:0] must not change. Any error in the lock se-
guence will stop the lock key from being activated. After
the first lock sequence on any bit of the port, any read
access on the LCKK will return 1 until the next MCU reset
or peripheral reset.
15:0 LCKy RW y=15..0
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Bit Name R/W Reset Value Function

These bits are readable and writable but can only be writ-
ten when the LCKK bit is 0.
0: Port configuration not locked

1: Port configuration locked

10.4.9. GPIO alternate function register (low) (GPIOx_AFRL) (x = A, B, F)
Address offset: 0x20

Reset value: 0x0000 0000

31 ‘30 ‘29 ‘28 27 ‘26 ‘25‘24 23‘22‘21‘20 19‘18|17‘16
AFSEL7] 3: AFSELG6][ 3: AFSELS5] 3 AFSEL4] 3

rw rw rw rw rw rw r w rw rw rw rw rw r w r w r w rw

15 [14 [13 [12 [11 |10 |9 8 7 6 5 4 3 2 1 0
AFSEL3] 3: AFSEL2][ 3: AFSEL1] 3 AFSELO]J 3

rw ‘rw ‘rw ‘rw rw ‘rw ‘rw‘rw rw‘rw‘rw‘rw rw‘rw’rw‘rw

Bit Name R/W Reset Value Function

These hits are written by software to configure alternate

function /0.
AFSELYy selection:
0000: AFO 1000: AF8
AFSELY[3:0]e (y=7 0001: AF1 1001: AF9
31:0 RW 0010: AF2 1010: AF10

to 0)¢ 0011: AF3  1011: AF11

0100: AF4 1100: AF12
0101: AF5 1101: AF13
0110: AF6 1110: AF14
0111: AF7 1111: AF15

10.4.10. GPIO alternate function register (high) (GPIOXx_AFRH) (x = A, B, F)
Address offset: 0x24

Reset value: 0x0000 0000

31‘ 30‘ 29‘ 28 27‘ 26‘ 25‘ 24 23| 22| 21‘ 20 19‘ 18| 17‘ 16
AFSEL15][ 3: AFSEL14][ 3 AFSEL13][ 3 AFSEL12] 4

rw rw rw rw rw rw| rwl rwji rw| rw| rw| rw|rw|r rw|lrw|lr rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AFSEL11][ 3: AFSEL1O0[ 3 AFSEL9][ 3 AFSELS8][ 3

rw‘ rw‘ rw‘ rw rw‘ rw‘ rw‘ rw rw‘ rw‘ rw‘ rw rw‘ rw‘ rw‘ rw
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Bit Name R/W Reset Value Function

These bits are written by software to configure alternate

function 1/O.
AFSELYy selection:
0000: AFO  1000: AF8
AFSELY[3:0Je (y=8 0001: AF1  1001: AF9
31:0 RW 0010: AF2  1010: AF10
to 15)¢ 0011: AF3  1011: AF11

0100: AF4 1100: AF12
0101: AF5 1101: AF13
0110: AF6 1110: AF14
0111: AF7 1111: AF15

10.4.11. GPIO port bit reset register (GPIOx_BRR) (x = A, B, F)
Address offset: 0x28

Reset value: 0x0000 0000
31‘ 30‘ 29‘ 28‘ 27‘ 26‘ 25‘ 24‘ 23’ 22’ 21‘ 20’ 19‘ 18| 17‘ 16

Res
15 14 13 2 11 10 9 8 7 6 5 4 3 2 1 0
BR1|BR1{BR1|BR1|BR1|BR1{BR9BR8BR7BR6BR5BR4BR3BR2BR1 BRO
w w w w w w w w w w w w w w w w
Bit Name R/W Reset Value Function
31:16 Reserved - - -
y=15..0

These bits are write-only. A read to these bots re-
15:0 Bry \ turns the value of 0.

0: No action on the corresponding Ody bit

1: Clear the corresponding Ody bit

10.4.12. GPIO register map
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11.

11.1.

11.1.1.

System configuration controller (SYSCFG)

The devices feature a set of configuration registers. The main purpose of the system configuration

controller are:

A 10 pin interface control

A Remap memory located at the beginning of the code interval

A Manage TIMERs ETR or brake inputs

A DMA peripheral channel selection control

System configuration register

SYSCFG configuration register 1 (SYSCFG_CFGR1)

Two bits are used to configure the type of memory accessible at address 0x0000 0000. These two

bits are used to select the physical remap by software, and bypass the hardware BOOT selection.

After reset, these bits take the value configured by the actual boot mode.

Address offset:0x00

Reset value:0x0000 000x(x is the memory mode selected by the actual boot mode configuration)

31‘30'29'28'27'26‘25 24 23‘22‘21‘20‘19 18 ‘17|16
RES GPIO_AHB_SEL RES ETR_SRC_TIM3[2:0]
RW RW
15 14‘13‘12 11 10‘9 8 7‘6 5’4 3 2 1|0
RE | ETR_SRC_TI | RE TIM3_IC1_ | TIM2_IC4_ | TIM1_IC1_S | MEM_MO
ETR_SRC_TIM1[2:0]
S M2[2:0] S SRC SRC RC DE
RwW RW RW RwW RwW RW

Bit Name R/W | Reset Value | Function
31:25 | RES RES | - RES

CPU FASTIO or AHB bus access to GPIO register control.
24 GPIO_AHB_SEL RW 0 0: FASTIO bus access;

1: AHB bus access;
23:19 | RES RES | - RES

TIMER3 ETR input source selection.

3'b000: ETR sourced from GPIO;

3'b001: ETR originated from COMP1;
18:16 | ETR_SRC_TIM3[2:0] RW |0 3'b010: ETR derived from COMP2;

3'b011: ETR derived from ADC;

3'b100: ETR from COMP3.

others: reserved
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Bit

Name

R/W

Reset Value

Function

15

RES

RES

RES

14:12

ETR_SRC_TIM2[2:0]

RW

TIMER2 ETR input source selection.
3'b000: ETR sourced from GPIO;
3'b001: ETR originated from COMP1;
3'b010: ETR derived from COMP2;
3'b011: ETR derived from ADC;
3'b100: ETR from COMP3.

others: reserved

11

RES

RES

RES

10:8

ETR_SRC_TIM1[2:0]

RW

TIMER1 ETR input source selection.
3'b000: ETR sourced from GPIO;
3'b001: ETR originated from COMP1;
3'h010: ETR originated from COMP2;
3'b011: ETR derived from ADC;
3'b100: ETR from COMP3.

others: reserved

7:6

TIM3_IC1_SRC

RW

TIM13 CH1 input source
00: from TIM3_CH1 10;
01: from comp 1;

10: from comp 2;

11: from comp 3;

5:4

TIM2_IC4_SRC

RW

TIM2 CH4 input source
00: from TIM2_CH4 10;
01: from comp 1;
10: from comp 2;

11: from comp 3;

3:2

TIM1_IC1_SRC

RW

TIM1 CH1 input source
00: from TIM1_CH1 I0;
01: from comp 1;
10: from comp 2;

11: from comp 3;

1.0

MEM_MODE

RW

Memory area mapping selection.

x0: Main Flash memory mapped at 0x0000 0000
01: System Flash memory mapped at 0x0000 0000
11: Embedded SRAM mapped at 0x0000 0000

11.1.2.

SYSCFG configuration register 2 (SYSCFG_CFGR?2)

Address offset:0x04

Reset valueg 0x0000 0000

31

30

29

28

27

26

25 24

23 22 21 20 19 18 17

16

RES

RE

RE

RES

RE

RE

RE
RES

Cco CO | CO CO | CO
COMP COM
MP3 MP3 | MP2 MP2 | MP1
3 Oc- P2_0O
_Oc ~Oc | _Oc ~Oc | _Oc
ref C cref
ref_ ref_ | ref_ ref_ | ref_

CO
MP1
_Oc-
ref_
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CLR | LR_TI | CLR | CLR | CLR_ | CLR | CLR | CLR
_T M2 _TH | T TIM2 | T | T | _TIM
M3 M1 M3 M1 M3 2
RW RW RW | RW RW RW | RW | RW
15 14 | 13 12 11 | 10 9 8 7 6 5 4 3 2 1 0
co CO | CO CO | CO (0]
MP | MP MP | MP MP | CO Co
MP1 (60]
3 2_ | COMP | 3 2_ | COMP | 3 | MP2 | COMP MP2 | COM LOC
_Oc MP3 PVD
BR | BR| 1. BR | BR | BR | 1.BR | BR _ 1_BR _ P1_B KUP
ref_ BRK _LO | RES
K | K_|KTIM| K_ | K_[|KTM| K_ | BRK | K_TIM BRK | RK_T _LO
CLR _T CK
- TI Tl 17 TI TI 16 TI _T 15 M1 _TI IM1 CK
K/Il M1 | M1 M1 | M1 M1 | M15 M1
7 7 6 6 5
RW | RW | RW RW RW RW RW | RW RW RW | RW RW RW RW
Reset
Bit Name R/W Function
Value
31:24 | RES RES | - RES
1: CMP3 output is used as the TIM3 ocref_clr input;
23 COMP3_Ocref CLR_TIM3 | RW | 0 ) .
0: CMP3 output is not used as TIM3 ocref_clr input
1: CMP3 output is used as the TIM2 ocref_clr input;
22 COMP3_Ocref CLR_TIM2 | RW | O . .
0: CMP3 output is not used as TIM2 ocref_clr input
1: CMP3 output is used as the TIM1 ocref_clr input;
21 COMP3_Ocref CLR_TIM1 | RW | O ) .
0: CMP3 output is not used as TIM1 ocref_clr input
1: COMP2 output is used as TIM3 ocref_clr input;
20 COMP2_Ocref _CLR_TIM3 | RW | 0O
0: COMP2 output is not used as TIM3 ocref_clr input
1: COMP2 output is used as TIM2 ocref_clr input;
19 COMP2_Ocref CLR_TIM2 | RW | O ) .
0: COMP2 output is not used as TIM2 ocref_clr input
1: COMP2 output is used as the TIM1 ocref_clr input;
18 COMP2_Ocref CLR_TIM1 | RW | O
0: COMP2 output is not used as TIM1 ocref_clr input
1: COMPL1 output is used as the TIM3 ocref_clr input;
17 COMP1_Ocref CLR_TIM3 | RW | O ) )
0: COMP1 output is not used as TIM3 ocref_clr input
1: COMPL1 output is used as the TIM2 ocref_clr input;
16 COMP1_Ocref_CLR_TIM2 | RW | 0O
0: COMP1 output is not used as TIM2 ocref_clr input
1: COMPL1 output is used as the TIM1 ocref_clr input;
15 COMP1_Ocref CLR_TIM1 | RW | O ) )
0: COMP1 output is not used as TIM1 ocref_clr input
COMP3 is enabled as TIM17 break input.
14 COMP3 BRK_TIM17 RW |0 0: COMP3 output is not connected to the TIM17 break input;
1: COMP3 output is used as the TIM17 break input;
COMP2 is enabled as TIM17 break input.
13 COMP2_ BRK_TIM17 RW |0 0: COMP2 output is not connected to the TIM17 break input;
1: COMP2 output is used as TIM17 break input;
COMPL1 is enabled as TIM1 break input.
12 COMP1_BRK_TIM17 RW |0 0: COMP1 output is not connected to the TIM1 break input;
1: COMP1 output is used as TIM1 break input;
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Bit

Name

R/W

Reset
Value

Function

11

COMP3 BRK_TIM16

RW

COMP3 is enabled as TIM16 break input.
0: COMP3 output is not connected to the TIM16 break input;
1: COMP3 output is used as the TIM16 break input;

10

COMP2_ BRK_TIM16

RW

COMP2 is enabled as TIM16 break input.
0: COMP2 output is not connected to the TIM16 break input;
1: COMP2 output is used as TIM16 break input;

COMP1_BRK_TIM16

RW

COMP1 is enabled as TIM16 break input.
0: COMP1 output is not connected to the TIM16 break input;
1: COMPL1 output is used as TIM16 break input;

COMP3 BRK_TIM15

RW

COMP3 is enabled as TIM15 break input.
0: COMP3 output is not connected to the TIM15 break input;
1: COMP3 output is used as the TIM15 break input;

COMP2_ BRK_TIM15

RW

COMP2 is enabled as TIM15 break input.
0: COMP2 output is not connected to the TIM15 break input;
1: COMP2 output is used as TIM15 break input;

COMP1_BRK_TIM15

RW

COMPL1 is enabled as TIM15 break input.
0: COMP1 output is not connected to the TIM15 break input;
1: COMPL1 output is used as TIM15 break input;

COMP3 BRK_TIM1

RW

COMP3 is enabled as TIM1 break input.
0: COMP3 output is not connected to the TIM1 break input;
1: COMP3 output is used as the TIM1 break input;

COMP2_ BRK_TIM1

RW

COMP2 is enabled as TIM1 break input.
0: COMP2 output is not connected to the TIM1 break input;
1: COMP2 output is used as TIM1 break input;

COMP1_BRK_TIM1

RW

COMPL1 is enabled as TIM1 break input.
0: COMP1 output is not connected to the TIM1 break input;
1: COMP1 output is used as TIM1 break input;

PVD_LOCK

RW

PVD lock enable bit.

0: PVD interrupt is not connected to TIM1/15/16/17 break in-
put, PVD function is configured by PVDE and PLS;

1: PVD interrupt is connected to TIM1/15/16/17 break input,
PVDE and PLS are read only;

RES

RES

RES

LOCKUP_LOCK

RW

Cortex-M0+ LOCK"U"P bit lock enable bit.

0: Cortex-MO+ LOCKUP bit is not connected to
TIM1/15/16/17 break input;

1: Cortex-M0+ LOCKUP bit is connected to TIM1/15/16/17
break input;

11.1.8.

SYSCFG configuration register 3 (SYSCFG_CFGR3)

Address offset:0x08

Reset value:0x3F3F 3F3F

30‘29‘28‘27‘26‘25‘24‘23‘22‘21’20‘19’18‘17|16‘
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RES

DMA4_MAP

RES

DMA3_MAP

RW

15

14

13‘12‘11‘10‘9‘8

7

6

5|4‘3|2‘1|o

RES

DMA2_MAP

RES

DMA1_MAP

RW

RW

Bit

Name R/W

Reset Value

Function

31:30

RES RES | -

RES

29:24

DMA4_MAP RW Ox3F

DMA1 channel 4 mapping.
See DMA1_MAP description.

23:22

RES RES | -

RES

21:16

DMA3_MAP RW O0x3F

DMA1 channel 3 mapping.
See DMA1_MAP description.

15:14

RES RES | -

RES

13:8

DMA2_MAP RW Ox3F

DMA1 channel 2 mapping.
See DMA1_MAP description.

7:6

RES RES | -

RES

5:0

DMA1_MAP RW Ox3F

DMA1 channel 1 mapping.
000000: ADC1,;
000001: DAC1,;
000010: DAC2;
000011: SPI1_RD;
000100: SPI1_WR;
000101: SPI2_RD;
000110: SPI2_WR;
000111: USART1_RD;
001000: USART1_WR;
001001: USART2_RD;
001010: USARTZ2_WR,
001011: USART3_RD;
001100: USART3_WR;
001101: USART4_RD;
001110: USART4_WR,
001111: 12C1_RD;
010000: 12C1_WR;
010001: 12C2_RD;
010010: 12C2_WR;
010011: TIM1_CHz1;
010100: TIM1_CH?2;
010101: TIM1_CH3;
010110: TIM1_CH4;
010111: TIM1_COM,;
011000: TIM1_TRG;
011001: TIM1_UP;
011010: TIM2_CHZ1;
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Bit

Name

R/W

Reset Value

Function

011011: TIM2_CH2;
011100: TIM2_CH3;
011101: TIM2_CH4;
011110: TIM2_UP;
011111: TIM2_TRG;
100000: TIM3_CH1;
100001: TIM3_CH2;
100010: TIM3_CH3;
100011: TIM3_CH4;
100100: TIM3_UP;
100101: TIM3_TRG;
100110: TIM6_UP;
100111: TIM7_UP;
101000: TIM15_CHZ1;
101001: TIM15_CHZ2;
101010: TIM15_UP;
101011: TIM15_TRG;
101100: TIM15_COM,
101101: TIM16_CH1,;
101110: TIM16_UP;
101111: TIM17_CH1;
110000: TIM17_UP;
110001: USB;
110010: LCD;
10thers: Reserved

11.1.4. SYSCFG configuration register 4 (SYSCFG__

Address offset:0x0C

Reset value:0x003F 3F3F

CFGR4)

31‘30‘29‘28‘27‘26‘25‘24‘23‘22 21|20|19‘18|17‘16
RES DMA7_MAP
RW
15‘14 13‘12‘11 10‘9‘8 7‘6 5’4 3‘2|1‘0
RES DMAG6_MAP RES DMA5_MAP
RW RW
Bit Name R/W Reset Value Function
31:22 RES RES - RES
DMA1 channel 7 mapping.
21:16 DMA7_MAP RW | Ox3F o
See DMA1_MAP description.
15:14 RES RES - RES
DMA1 channel 6 mapping.
13:8 DMA6_MAP RW | Ox3F o
See DMA1_MAP description.
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R/W Reset Value Function

Bit Name
7:6 RES RES RES
DMA1 channel 5 mapping.
5:0 DMA5_MAP RW 0x3F o
See DMA1_MAP description.
11.1.5. GPIOA filter enablea PA_ENSP
Address offset:0x10
Reset value:0x0000 0000
31‘30‘29‘28‘27‘26‘25‘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
PA_ENS[15:0]
RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW
Bit Name R/W Reset Value Function
31:16 Reserved RES RES
Noise filter enable, active high
15:0 PA_ENSI[X] RW 0x0000 0: noise filter bypassed
1: noise filter enabled

11.1.6. GPIOB filter enablea PB_ENS[3

Address offset:0x14

Reset value:0x0000 0000

31‘30'29‘28‘27‘26‘25‘24‘23‘22‘21|20‘19|18‘17|16

15‘14‘13‘12‘11‘10‘9‘8‘7‘6‘5‘4‘3‘2‘1|O

PB_ENS[15:0]

RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW’RW

Bit Name R/W Reset Value Function
31:16 Reserved RES RES

Noise filter enable, active high
15:0 PB_ENSI[X] RW 0x0000 0: noise filter bypassed

1: noise filter enabled

11.1.7. GPIOC filter enablea PC_ENS[

Address offset:0x18

Reset value:0x0000 0000

‘31‘30‘29‘28‘27‘26‘25‘24‘

23‘22‘21‘20‘19‘18‘17|16‘

161/913



PY32F07X Reference Manual

RES
15‘14‘13‘12‘11‘10‘9‘8‘7‘6‘5‘4‘3‘2‘1|0
PC_ENS[15:0]
RWIRWIRW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RWIRW

Bit Name R/W Reset Value Function
31:16 Reserved

Noise filter enable, active high
15:0 PC_ENS|X] RW 0x0000 0: noise filter bypassed

1: noise filter enabled

11.1.8. GPIOF filter enablea PF_ENSP

Address offset:0x1C

Reset value:0x0000 0000

31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21’20‘19’18‘17|16

RES

15‘14|13‘12‘11‘10

9‘8‘7‘6‘5|4‘3‘2‘1|0

PF_ENS[9:0]
RES RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW’RW
Bit Name R/W Reset Value Function
31:10 Reserved RES RES
Noise filter enable, active high
9:0 PF_ENS[x] RW 0x000 0: noise filter bypassed
1: noise filter enabled
11.1.9. 12C type IO configuration register (SYSCFG_EIIC)
Address offset:0x20
Reset value:0x0000 0000
31‘30‘29‘28‘27‘26 25‘24 23‘22‘21’20’19 18‘17‘16
RES PF_EIIC[1:0] RES PB_EIIC[10:0]
15‘14‘13‘12‘11‘10 9‘8 7‘6‘5‘4‘3 2 1‘0
RES PA_EIIC[1:0]
RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW RW‘RW‘RW‘RW‘RW‘RW RW‘RW
Bit Name R/W Reset Value Function
31:26 Reserved
25:24 PF_EIC[x] PF 12C IO Noise filter enable, active high
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12. DMA

12.1. DMA introduction

Direct Memory Access (DMA) is used to provide high-speed data transfer between peripherals and

memory or between memory and memory. The DMA controller has seven channels, each dedicated

to managing requests for memory access from one or more peripherals. There is also an arbiter to

coordinate the priority of individual DMA requests.

12.2. DMA main features

A

A

Single AHB master

Supports peripheral-to-memory, memory-to-peripheral, memory-to-memory and peripheral-to-pe-

ripheral data transfers

On-chip memory devices, such as FLASH, SRAM, AHB and APB peripherals, as source and

destination

All DMA channels are independently configurable:

U  Each channel is either associated with a DMA request signal from a peripheral or with a
software trigger in a memory-to-memory transfer. This configuration is done by software.

0  The priority between requests is programmable by software (4 levels per channel: very high,
high, medium, low) and in case of equality by hardware (e.g. requests to channel 1 have
priority over requests to channel 2).

U  The source and destination transfer sizes are independent (byte, halfword, word), simulating
packetization and unpacketization. Source and destination addresses must be aligned by
data size.

0  Programmable number of data to be transmitted: 0 ~ 65535

One interrupt request is generated per channel. Each interrupt request is caused by any one of

three DMA events: transfer completion, half-transfer, or transfer error.

12.3. DMA functional description

165913



PY32F07X Reference Manual

CortexM0+ <::> Flash
—r

Bus HDIV ADC
H DM matrix EXTI DAQ/DAQ
USART 2/3/4
TIMUTIM2/ TINB
TIVGITIM?
_ TIMLS/ TIMLE/ TIML?
: B”dge 12C/122  USB
ﬁ SPUSP?  LCD
A

[ AHB Slave |<:
dma ack
chn req DMAMUX dma req

Fi gulr2eDMA bl ock diagram

A

12.3.1. DMA transactions

12.3.2.

After completing an event, the peripheral sends a request signal to the DMA controller. the DMA con-

troller processes the request according to the priority of the channel. When the DMA controller starts

accessing the peripheral that sent the request, the DMA controller sends it an answer signal at the end

of the transfer. When the answer signal is received from the DMA controller, the peripheral immediately

releases its request. Once the peripheral has released the request, the DMA controller revokes the

answer signal. If there are more requests, the peripheral can initiate the next transfer.

In summary, each DMA transfer consists of three operations:

A

The loading of data from the peripheral data register or a location in memory addressed through
an internal current peripheral/memory address register. The start address used for the first trans-
fer is the base peripheral/memory address programmed in the DMA_CPARx or DMA_CMARX
register

The storage of the data loaded to the peripheral data register or a location in memory addressed
through an internal current peripheral/memory address register. The start address used for the
first transfer is the base peripheral/memory address programmed in the DMA_CPARX or
DMA_CMARKX register.

Performs a decrement operation of the DMA_CNDTRX register, which indicates the number of

outstanding operations.

Arbiter

The arbiter manages the channel requests based on their priority and launches the peripheral/memory

access sequences.
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The priorities are managed in two stages:

A  Software: each channel priority can be configured in the DMA_CCRX register. There are four

levels:

U Very high priority
U High priority

0  Medium priority

U  Low priority
A Hardware: if 2 requests have the same software priority level, the channel with the lowest number
will get priority versus the channel with the highest number. For example, channel 2 gets priority
over channel 4.
12.3.3. DMA channels
Each channel can perform a DMA transfer between a peripheral register with a fixed address and a
memory address. the amount of data transferred by DMA is programmable up to 65535 bytes, and
this register value is decremented after each data transfer.
Transfer data amount programmable
Transfer data sizes of the peripheral and memory are fully programmable through the PSIZE and
MSIZE bits in the DMA_CCRX register.
Address Pointer Increment
Peripheral and memory pointers can optionally be automatically post-incremented after each transac-
tion depending on the PINC and MINC bits in the DMA_CCRX register.
If incremented mode is enabled, the address of the next transfer will be the address of the previous
one incremented by 1, 2 or 4 depending on the chosen data size.The first transfer address is the one
programmed in the DMA_CPARX/DMA_CMARX registers. During transfer operations, these registers
keep the initially programmed value. The current transfer addresses (in the current internal periph-
eral/memory address register) are not accessible by software.
If the channel is configured in noncircular mode, no DMA request is served after the last transfer (that
is once the number of data items to be transferred has reached zero). In order to reload a new number

of data items to be transferred into the DMA_CNDTRX register, the DMA channel must be disabled.
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In circular mode, after the last transfer, the DMA_CNDTRKX register is automatically reloaded with the
initially programmed value. The current internal address registers are reloaded with the base address
values from the DMA_CPARx/DMA_CMARX registers.

Channel configuration procedure

The following sequence should be followed to configure a DMA channelx (where x is the channel

number).

A Set the peripheral register address in the DMA_CPARX register. The data will be moved from/ to
this address to/ from the memory after the peripheral event.

A  Setthe memory address in the DMA_CMARKX register. The data will be written to or read from this

memory after the peripheral event.

A Configure the total number of data to be transferred in the DMA_CNDTRX register. After each
peripheral event, this value will be decremented.
A Configure the DMA_CCRX register with the following parameters:
U  The priority of the channel.
U  Data transfer direction
U0  Cyclic mode
U  Peripheral and memory incremental mode
0  Peripheral and memory data size

U Interrupt enable

A Activate the channel by setting the ENABLE bit in the DMA_CCRX register.

As soon as the channel is enabled, it can serve any DMA request from the peripheral connected on
the channel.

Once half of the bytes are transferred, the half-transfer flag (HTIF) is set and an interrupt is gener-
ated if the Half-Transfer Interrupt Enable bit (HTIE) is set. At the end of the transfer, the Transfer
Complete Flag (TCIF) is set and an interrupt is generated if the Transfer Complete Interrupt Enable
bit (TCIE) is set.

Channel Status and Disabled Channels
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An active channel x is a channel that is enabled (read DMA_CCRx.EN = 1). An active channel x is a
channel that must have been enabled by software (DMA_CCRx. EN = 1) and then no transmission
error has occurred (DMA_ISR.TEIFx = 0). If a transmission error occurs, the channel is automatically
disabled by hardware (DMA_CCRXx.EN = 0).

The following 3 scenarios may occur:

A Pause and resume the channel

This corresponds to the following two actions .

0  The active channel is disabled by the software (write DMA_CCRX.EN = 0).

U  The software re-enables the channel (DMA_CCRx.EN = 1), but does not reconfigure the
other channel registers (e.g. DMA_CNDTRx, DMA_CPARXx, and DMA_CMARX); or an in-
complete transfer hangs the bus while the software disables it.

U  The DMA hardware does not support this case and therefore cannot guarantee correct exe-
cution of the remaining data transfers.

A  Stopping and suspending a channel

The active channel can be disabled by software if the application no longer needs the channel.

The channel is stopped and aborted, but the DMA_CNDTRX register contents may not correctly

reflect the remaining data transfers.

U Disable and restart the channel

This corresponds to the software sequence:Disable the active channel, then reconfigure the channel
and enable it again.

Hardware support when the following conditions are met.

A The application guarantees that there are no transfers in progress (not yet completed) on the

DMA when the channel is disabled by software. For example, an application can first disable a

peripheral in DMA mode to ensure that there are no pending hardware DMA requests for that

peripheral.
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A Software must have independent write access to the same DMA_CCRX register: first disable the
channel, second reconfigure the channel for the next block transfer, including DMA_CCRY¥, if a
configuration change is needed. finally enable the channel again.

The hardware clears the EN bit of the DMA_CCRX register when a channel transfer error occurs. This

EN bit cannot be set again by software to reactivate channel x until the TEIFx bit of the DMA_ISR

register is set.

DMA circular mode

Circular mode is available to handle circular buffers and continuous data flows (e.g. ADC scan

mode). This feature can be enabled using the CIRC bit in the DMA_CCRX register.When circular

mode is activated, the number of data to be transferred is automatically reloaded with the initial value
programmed during the channel configuration phase, and the DMA requests continue to be served.

Note: Cyclic mode cannot be used in memory-to-memory mode. The MEM2MEM bit of the

DMA_CCRXx register must be cleared by software before cyclic mode (CIRC = 1) can enable the

channel. When cyclic mode is enabled, the amount of data to be transferred will be automatically re-

loaded during the channel configuration phase using the programmed initial value and DMA requests
will continue to be responded to.

In order to stop cyclic transfers, software needs to stop the peripheral from generating DMA requests

before disabling the DMA channel (e.g. exiting ADC scan mode).

Before starting/enabling a transfer, and after stopping a cyclic transfer, software must explicitly pro-

gram the DMA_CNDTRX value.

Memory-to-memory mode

The DMA channels can also work without being triggered by a request from a peripheral. This mode is

called Memory to Memory mode.

If the MEM2MEM bit in the DMA_CCRX register is set, then the channel initiates transfers as soon as

it is enabled by software by setting the Enable bit (EN) in the DMA_CCRX register. The transfer stops

once the DMA_CNDTRX register reaches zero.

Memory to Memory mode may not be used at the same time as Circular mode.
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Peripheral to Peripheral Mode
Any DMA channel can be operated in Peripheral to Peripheral mode:
A When a hardware request from a peripheral is selected to trigger a DMA channel
This peripheral is the DMA initiator, and data is transferred between this peripheral and registers
belonging to another memory-mapped peripheral (which is not configured for DMA mode).
A When no peripheral request is selected and connected to the DMA channel
The software configures the register-to-register transfer by setting the MEM2MEM bit of the
DMA_CCRKX register.

Configuring the transfer direction, specifying the source/destination

The value of the DIR bit of the DMA_CCRX register sets the direction of the transfer, thus it identifies
the source and the target, regardless of the source/target type (peripheral or memory):
A DIR =1 usually defines a memory to peripheral transfer. More generally, if DIR = 1:
U  The source attribute is defined by the DMA_MARX register, the MSIZE[1:0] field, and the
MINC bits of the DMA_CCRX register.
U0 Regardless of their usual naming, these "peripheral” registers, fields, and bits are used to
define the target memory in memory-to-memory mode.
U  The target attributes are defined by the DMA_PARX register, the PSIZE[1:0] field of the
DMA_CCRXx register, and the PINC bits.
U0 Regardless of their usual naming, these "peripheral” registers, fields, and bits are used to
define the target memory in memory-to-memory mode.
A DIR =0 usually defines a peripheral-to-memory transfer. More generally, if DIR = 0.
0  The source attributes are defined by the DMA_PARX register, the PSIZE[1:0] field of the
DMA_CCRXx register, and the PINC bits.
Regardless of their usual naming, these "peripheral” registers, fields, and bits are used to
define the source memory in memory-to-memory mode.
0  The target attribute is defined by the DMA_MARX register, the MSIZE[1:0] field of the

DMA_CCRXx register, and the MINC bits.
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Regardless of their usual naming, these "memory" registers, fields and bits are used to define the
target peripheral in peripheral-to-peripheral mode.

12.3.4. Data transfer width/alignment/size end
When PSIZE and MSIZE are not equal, the DMA performs some data alignments as described in
Table 12-1.

Tabll@&lProgrammabl e data width and envlliNaOh =belhjavi or

Num-
ber
Destina- | of data -
Source . . Source con- Destination
tion items i
port tent: Transfer operations content:
) port to
width ) address / data address / data
width trans-
fer
(NDT)
1: READ BO0[7:0] @0x0 then WRITE BO[7:0]
0x0/BO 0x0/BO
@O0x0

2: READ B1[7:0] @0x1 then WRITE BO[7:0]

0x1/B1 0x1/B1
@0x1
8 8 4
3: READ B2[7:0] @0x2 then WRITE B2[7:0]
0x2/B2 0x2/B2
@0x2
4: READ B3[7:0] @0x3 then WRITE B3[7:0]
0x3/B3 0x3/B3
@0x3
1: READ BO0[7:0] @0x0 then WRITE 00B0[15:0]
0x0/B0 0x0/00B0O
@0x0
2: READ B1[7:0] @0x1 then WRITE 00B1[15:0]
0x1/B1 0x2/00B1
@0x2
8 16 4
3: READ B3[7:0] @0x2 then WRITE 00B2[15:0]
0x2/B2 0x4/00B2
@0x4

4: READ B4[7:0] @0x3 then WRITE 00B3[15:0]
0x3/B3 0x6/00B3
@0x6
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Num-
ber
Destina- | of data -
Source . . Source con- Destination
tion items i
port tent: Transfer operations content:
i port to
width ) address / data address / data
width trans-
fer
(NDT)
1: READ BO0[7:0] @0x0 then WRITE
0x0/BO 0x0/000000B0O
000000B0[31:0] @0x0
2: READ B1[7:0] @0x1 then WRITE
0x1/B1 0x4/000000B1
000000B1[31:0] @0Ox4
8 32 4
3: READ B3[7:0] @0x2 then WRITE
0x2/B2 0x8/000000B2
000000B2[31:0] @0x8
4: READ B4[7:0] @0x3 then WRITE
0x3/B3 0xC/000000B3
000000B3[31:0] @0OxC
1: READ B1BO0[15:0] @0x0 then WRITE BO[7:0]
0x0/B1B0O 0x0/B0
@O0x0
2: READ B3B2[15:0] @0x2 then WRITE B2[7:0]
0x2/B3B2 0x1/B2
@0x1
16 8 4
3: READ B5B4[15:0] @0x4 then WRITE B4[7:0]
0x4/B5B4 0x2/B4
@0x2
4: READ B7B6[15:0] @0x6 then WRITE B6[7:0]
0x6/B7B6 0x3/B6
@0x3
1: READ BI1B0[15:0] @Ox0 then WRITE
0x0/B1B0 0x0/B1B0
B1B0[15:0] @0x0
2: READ B3B2[15:0] @0x2 then WRITE
16 16 4 0x2/B3B2 0x2/B3B2
B3B2[15:0] @0x2
3: READ B5B4[15:0] @0x4 then WRITE
0x4/B5B4 0x4/B5B4
B5B4[15:0] @0x4
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Num-
ber
Destina- | of data -
Source . . Source con- Destination
tion items i
port tent: Transfer operations content:
i port to
width ) address / data address / data
width trans-
fer
(NDT)
4: READ B7B6[15:0] @0x6 then WRITE
0x6/B7B6 0x6/B7B6
B7B6[15:0] @0x6
1: READ B1B0[15:0] @0x0 then WRITE
0x0/B1B0 0x0/0000B1B0O
0000B1B0[31:0] @0x0
2: READ B3B2[15:0] @0x2 then WRITE
0x2/B3B2 0x4/000B3B2
0000B3B2[31:0] @0x4
16 32 4
3: READ B5B4[15:0] @0x4 then WRITE
0x4/B5B4 0x8/0000B5B4
0000B5B4[31:0] @0x8
4: READ B7B6[15:0] @0x6 then WRITE
0x6/B7B6 0xC/0000B7B6
0000B7B6[31:0] @0OxC
1: READ B3B2B1B0[31:0] @0x0 then WRITE
0x0/B3B2B1B0 0x0/B0
BO[7:0] @0x0
2: READ B7B6B5B4[31:0] @0x4 then WRITE
0x4/B7B6B5B4 0x1/B4
B4[7:0] @0x1
32 8 4
3: READ BBBAB9B8[31:0] @0x8 then WRITE
0x8/BBBAB9B8 0x2/B8
B8[7:0] @0x2
0xC/BFBEB- 4: READ BFBEBDBCJ[31:0] @0xC then WRITE 0x3/BC
X
DBC BC[7:0] @0x3
1: READ B3B2B1B0[31:0] @0x0 then WRITE
32 16 4 0x0/B3B2B1B0 0x0/B1B0
B1BO[7:0] @0x0
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Num-
ber
Destina- | of data -
Source . . Source con- Destination
tion items i
port tent: Transfer operations content:
i port to
width ) address / data address / data
width trans-
fer
(NDT)
2: READ B7B6B5B4[31:0] @0x4 then WRITE
0x4/B7B6B5B4 0x2/B5B4
B5B4[7:0] @0x1
3: READ BBBAB9B8[31:0] @0x8 then WRITE
0x8/BBBAB9B8 0x4/B9B8
B9B8[7:0] @0x2
O0xC/BFBEB- 4: READ BFBEBDBC[31:0] @0xC then WRITE
0x6/BDBC
DBC BDBCJ[7:0] @0x3
1: READ B3B2B1B0[31:0] @0x0 then WRITE
0x0/B3B2B1B0 0x0/B3B2B1B0
B3B2B1B0[31:0] @0x0
2: READ B7B6B5B4[31:0] @0x4 then WRITE
0x4/B7B6B5B4 0x4/B7B6B5B4
B7B6B5B4[31:0] @0x4
32 32 4
3: READ BBBAB9B8[31:0] @0x8 then WRITE
0x8/BBBAB9B8 0x8/BBBAB9B8
BBBAB9B8[31:0] @0x8
0xC/BFBEB- 4: READ BFBEBDBC[31:0] @0xC then WRITE | OxC/BFBEB-
DBC BFBEBDBC[31:0] @0xC DBC

Addressing an AHB peripheral that does not support byte or halfword write operations

When the DMA initiates an AHB byte or halfword write operation, the data are duplicated on the unused

lanes of the HWDATA[31:0] bus. So when the used AHB slave peripheral does not support byte or

halfword write operations (when HSIZE is not used by the peripheral) and does not generate any error,

the DMA writes the 32 HWDATA bits as shown in the two examples below:

A To
= HalfWord

Wr i

te t

he

hal

f word AOXABCDO, t

he

DMA set s
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A TowritethebyteAOx ABd0, the DMA sets the HWDATAEDSBy® to A0
Assuming that the AHB/APB bridge is an AHB 32-bit slave peripheral that does not take the HSIZE
data into account, it will transform any AHB byte or halfword operation into a 32-bit APB operation in

the following manner:

A An AHB byte write operation of the data A0xBO0OO to O0x0 (or to Ox
an APB word write operation of the data A0xBOBOBC

p)

An AHB hal fword write operation of the data #fAO
an APB word write operationoft he data A0xB1BOB1BOO0 to O0xO0.
12.3.5. Error management
A DMA transfer error can be generated by reading from or writing to a reserved address space.
When a DMA transfer error occurs during a DMA read or a write access, the faulty channel is auto-
matically disabled through a hardware clear of its EN bit in the corresponding Channel configuration
register (DMA_CCRXx). The channel's transfer error interrupt flag (TEIF) in the DMA_IFR register is
set and an interrupt is generated if the transfer error interrupt enable bit (TEIE) in the DMA_CCRX
register is set.
The EN bit of the DMA_CCRXx register cannot be set again by software (channel x reactivated) until
the TEIFx bit of the DMA_ISR register is cleared (by setting the CTEIFx bit of the DMA_IFCR regis-
ter).
When software receives a notification of a transfer error via a channel involving a peripheral, soft-
ware first stops this peripheral in DMA mode in order to disable any pending or future DMA requests.
Software then typically reconfigures the DMA and peripheral in DMA mode for a new transfer.
12.3.6. DMA Interrupts
An interrupt can be produced on a Half-transfer, Transfer complete or Transfer error for each DMA
channel. Separate interrupt enable bits are available for flexibility.

Tabll@DMA interrupt requests

Interrput event Event flag Enable Control bit
Half-transfer HTIFX HTIEX
Transfer complete TCIFx TCIEX
Transfer error TEIFX TEIEX
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Interrput event Event flag Enable Control bit
Transfer halfway/transfer complete/transfer error GIFx -
1. When the DMA_CNDTRX register is 1, the HTIFx bit will not be set, and the TCIFx bit will be
set when the transfer is complete.
2. Both the HTIF and TCIF flags are generated when the transmission length NDT is odd

(greater than 1). The internal signal TCIF will be generated when NDT = 1; HTIF will be gen-
erated when (NDT - (NDT/2 (rounded) - 1)). If NDT=5, TCIF will be generated when NDT

decreases to 1; HTIF will be generated when NDT decreases to 4. 3.

3. When the transmission length NDT is even (greater than 1), both HTIF and TCIF flags are
generated. The internal signal TCIF will be generated when NDT = 1; HTIF will be generated
when (NDT - (NDT/2 (rounded) - 1)). If NDT=10, TCIF is generated when NDT is reduced to
1; HTIF is generated when NDT is reduced to 6.

12.3.7. DMA peripheral request mapping
The mapping of DMA peripheral requests to individual channels of the DMA is controlled by the
DMAX_MAP register bits in two SYSCFG registers (SYSCFG_CFGR3 and SYSCFGR_CFGR4), and

each peripheral request can be mapped to any of the seven channels through configuration.

Tabll@DMA requests per channel
Request MUX Request MUX Request MUX
input serial Source input serial Source input serial Source
number number number

0 ADC1 17 12C2_RD 34 TIM3_CH3
1 DAC1 18 12C2_WR 35 TIM3_CH4
2 DAC2 19 TIM1_CH1 36 TIM3_UP
3 SPI1_RD 20 TIM1_CH2 37 TIM3_TRIG
4 SPI1_WR 21 TIM1_CH3 38 TIM6_UP
5 SPI2_RD 22 TIM1_CH4 39 TIM7_UP
6 SPI2_WR 23 TIM1_COM 40 TIM15_CH1
7 USART1_RD 24 TIM1_TRIG 41 TIM15_CH2
8 USART1_WR 25 TIM1_UP 42 TIM15_UP
9 USART2_RD 26 TIM2_CH1 43 TIM15_TRIG
10 USART2_WR 27 TIM2_CH2 44 TIM15_COM
11 USART3_RD 28 TIM2_CH3 45 TIM16_CH1
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12 USART3_WR 29 TIM2_CH4 46 TIM16_UP
13 USART4_RD 30 TIM2_UP 47 TIM17_CH1
14 USART4_WR 31 TIM2_TRG 48 TIM17_UP
15 I2C1_RD 32 TIM3_CH1 49 USB
16 12C1_WR 33 TIM3_CH2 50 LCD
12.4. DMA registers
12.4.1. DMA interrupt status register (DMA_ISR)
Address offset:0x00
Reset value:0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. | Res. | Res. Res | TEIF | HTIF | TCIF | GIF | TEIF | HTIF | TCIF | GIF | TEIF | HTIF | TCIF | GIF
7 7 7 7 6 6 6 6 5 5 5 5
R R R R R R R R R R R R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TEIF | HTIF | TCIF | GIF | TEIF | HTIF | TCIF | GIF | TEIF | HTIF | TCIF | GIF | TEIF | HTIF | TCIF | GIF
4 4 4 4 3 3 3 3 2 2 2 2 1 1 1 1
R R R R R R R R R R R R R R R R
Bit Name R/W Reset Value Function
31:28 Reserved - - Reserved
Channel 7 transmit error flag.
7 TEIF7 R 0 Hardware set, software write DMA_IFCR=1 to clear.
0: no transmission error (TE);
1: Channel 7 transmission error (TE);
Channel 7 half-transfer flag.
26 HTIE7 A N Hardware set, software write DMA_IFCR=1 to clear.
0: no half-transfer event;
1: half-transmission event on channel 7;
Channel 7 transmission completion flag.
25 TCIF7 R 0 0: no transmission completion (TC);
1: Channel 7 transmission complete (TC);
Channel 7 global interrupt flag.
” GIF7 R 0 Hardware set, software write DMA_IFCR=1 to clear.
0: no TE/HT/TC event;
1: TE/HT/TC event on channel 7;
Channel 6 transmit error flag.
23 TEIFG R 0 Hardware set, software write DMA_IFCR=1 to clear.
0: no transmission error (TE);
1: Channel 6 transmission error (TE);
22 HTIF6 R 0 Channel 6 half-transfer flag.
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Bit

Name

R/W

Reset Value

Function

Hardware set, software write DMA_IFCR=1 to clear.
0: no half-transfer event;

1: half-transmission event on channel 6;

21

TCIF6

Channel 6 transmission completion flag.
0: no transmission completion (TC);

1: Channel 6 transmission complete (TC);

20

GIF6

Channel 6 global interrupt flag.

Hardware set, software write DMA_IFCR=1 to clear.
0: no TE/HT/TC event;

1: TE/HT/TC event on channel 6;

19

TEIF5

Channel 5 transmit error flag.

Hardware set, software write DMA_IFCR=1 to clear.
0: no transmission error (TE);

1: Channel 5 transmission error (TE);

18

HTIF5

Channel 5 half-transfer flag.
Hardware set, software write DMA_IFCR=1 to clear.
0: no half-transfer event;

1: half-transmission event on channel 5;

17

TCIF5

Channel 5 transmission completion flag.
0: no transmission completion (TC);
1: Channel 5 transmission complete (TC);

16

GIF5

Channel 5 global interrupt flag.

Hardware set, software write DMA_IFCR=1 to clear.
0: no TE/HT/TC event;

1: TE/HT/TC event on channel 5;

15

TEIF4

Channel 4 transmission error flag.

Hardware set, software write DMA_IFCR=1 to clear.
0: no transmission error (TE);

1: Channel 4 transmission error (TE);

14

HTIF4

Channel 4 half-transfer flag.
Hardware set, software write DMA_IFCR=1 to clear.
0: no half-transfer event;

1: half-transmission event on channel 4;

13

TCIF4

Channel 4 transmission completion flag.
0: no transmission completion (TC);

1: Channel 4 transmission complete (TC);

12

GIF4

Channel 4 global interrupt flag.

Hardware set, software write DMA_IFCR=1 to clear.
0: no TE/HT/TC event;

1: TE/HT/TC event on channel 4;

11

TEIF3

Channel 3 transmit error flag.
Hardware set, software write DMA_IFCR=1 to clear.
0: no transmission error (TE);

1: Channel 3 transmission error (TE);

10

HTIF3

Channel 3 half-transfer flag.
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Bit

Name

R/W

Reset Value

Function

Hardware set, software write DMA_IFCR=1 to clear.
0: no half-transfer event;

1: half-transmission event on channel 3;

TCIF3

Channel 3 transmission completion flag.
0: no transmission completion (TC);

1: Channel 3 transmission complete (TC);

GIF3

Channel 3 global interrupt flag.

Hardware set, software write DMA_IFCR=1 to clear.
0: no TE/HT/TC event;

1: TE/HT/TC event on channel 3;

TEIF2

Channel 2 transmit error flag.

Hardware set, software write DMA_IFCR=1 to clear.
0: no transmission error (TE);

1: Channel 2 transmission error (TE);

HTIF2

Channel 2 half-transfer flag.
Hardware set, software write DMA_IFCR=1 to clear.
0: no half-transmission event;

1: half-transmission event on channel 2;

TCIF2

Channel 2 transfer complete flag.

Hardware set, software write DMA_IFCR=1 to clear.
0: no transmission completion (TC);

1: Channel 2 transmission complete (TC);

GIF2

Channel 2 global interrupt flag.

Hardware set, software write DMA_IFCR=1 to clear.
0: no TE/HT/TC events;

1: TE/HT/TC event on channel 2;

TEIF1

Channel 1 transmission error flag.
Hardware set, software write DMA_IFCR=1 to clear.
0: no transmission error (TE);

1: Channel 1 transmission error (TE);

HTIF1

Channel 1 half-transfer flag.
Hardware set, software write DMA_IFCR=1 to clear.
0: no half-transfer event;

1: half-transmission event on channel 1;

TCIF1

Channel 1 transfer complete flag.
Hardware set, software write DMA_IFCR=1 to clear.
0: no transmission completion (TC);

1: Channel 1 transmission complete (TC);

GIF1

Channel 1 global interrupt flag.

Hardware set, software write DMA_IFCR=1 to clear.
0: no TE/HT/TC event;

1: TE/HT/TC event on channel 1;

12.4.2. DMA interrupt flag clear register (DMA_IFCR)

Address offset:0x04
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Reset value:0x0000 0000

31 30 29 28 27 26 25 23 22 21 20 19 18 17 16
Res. | Res. | Res. | Res CTE | CHT | CTC | CGI | CTE | CHT | CTC | CGI | CTE | CHT | CTC | CGI
IF7 IF7 IF7 IF6 IF6 IF6 F6 IF5 IF5 IF5 F5
w W W W W W w w w W w
15 14 13 12 11 10 9 7 6 5 4 3 2 1 0
CTE | CHT | CTC | CGI | CTE | CHT | CTC | CGI | CTE | CHT | CTC | CGI | CTE | CHT | CTC | CGlI
IF4 IF4 IF4 F4 IF3 IF3 IF3 IF2 IF2 IF2 F2 IF1 IF1 IF1 F1
W W W W w W W W W W w w w W w
Bit Name R/W Reset Value Function
31:28 Reserved - - Reserved
Channel 7 transmission error flag cleared.
27 CTEIF7 w 0 0: No effect;
1: Clear TEIF7;
The channel 7 half-transmission flag is cleared.
26 CHTIF7 w 0 0: No effect;
1: Clear HTIF7;
The channel 7 transmission completion flag is cleared.
25 CTCIF7 W 0 0: No effect;
1: Clear TCIF7;
Channel 7 global interrupt flag is cleared to zero.
24 CGIF7 W 0 0: No effect;
1: Clear GIF/TEIF/HTIF/TCIF for channel 7;
Channel 6 transmission error flag cleared.
23 CTEIF6 W 0 0: No effect;
1: Clear TEIF®6;
Channel 6 half-transmission flag is cleared.
22 CHTIF6 W 0 0: No effect;
1: Clear HTIF6;
Channel 6 transmission completion flag is cleared.
21 CTCIF6 w 0 0: No effect;
1: Clear TCIF6;
Channel 6 global interrupt flag is cleared to zero.
20 CGIF6 w 0 0: No effect;
1: Clear GIF/TEIF/HTIF/TCIF for channel 6;
Channel 5 transmission error flag cleared.
19 CTEIF5 w 0 0: No effect;
1: Clear TEIF5;
The channel 5 half-transmission flag is cleared.
18 CHTIF5 w 0 0: No effect;
1: Clear HTIF5;
17 CTCIF5 W 0 Channel 5 transmission completion flag is cleared.
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Bit

Name

R/W

Reset Value

Function

0: No effect;
1: Clear TCIF5;

16

CGIF5

Channel 5 global interrupt flag is cleared to zero.
0: No effect;
1: Clear GIF/TEIF/HTIF/TCIF for channel 5;

15

CTEIF4

Channel 4 transmission error flag cleared.
0: No effect;
1: Clear TEIF4;

14

CHTIF4

The channel 4 half-transmission flag is cleared.
0: No effect;
1: Clear HTIF4;

13

CTCIF4

The channel 4 transmission completion flag is cleared.
0: No effect;
1: Clear TCIF4;

12

CGIF4

Channel 4 global interrupt flag is cleared to zero.
0: No effect;
1: Clear GIF/TEIF/HTIF/TCIF for channel 4;

11

CTEIF3

Channel 3 transmission error flag is cleared.
0: No effect;
1: Clear TEIF3;

10

CHTIF3

The channel 3 half-transmission flag is cleared.
0: No effect;
1: Clear HTIF3;

CTCIF3

Channel 3 transmission completion flag is cleared.
0: No effect;
1: Clear TCIF3;

CGIF3

Channel 3 global interrupt flag is cleared to zero.
0: No effect;
1: Clear GIF/TEIF/HTIF/TCIF for channel 3;

CTEIF2

Channel 2 transmission error flag cleared.
0: No effect;
1: Clear TEIF2;

CHTIF2

The channel 2 half-transmission flag is cleared.
0: No effect;
1: Clear HTIF2;

CTCIF2

Channel 2 transmission completion flag is cleared.
0: No effect;
1: Clear TCIFZ2;

CGIF2

Channel 2 global interrupt flag is cleared to zero.
0: No effect;
1: Clear GIF/TEIF/HTIF/TCIF for channel 2;

CTEIF1

Channel 1 transmission error flag is cleared.
0: No effect;
1: Clear TEIF1;

CHTIF1

Channel 1 half-transmission flag is cleared to zero.
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Bit Name R/W Reset Value Function
0: No effect;
1: Clear HTIF1;

Channel 1 transmission completion flag is cleared.
1 CTCIF1 W 0 0: No effect;
1: Clear TCIF1;

Channel 1 global interrupt flag is cleared to zero.
0 CGIF1 w 0 0: No effect;
1: Clear GIF/TEIF/HTIF/TCIF for channel 1;

12.4.3. DMA channel 1 configuration register (DMA_CCR1)
Address offset:0x08

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Re Re Re Re Re Re Re
Res. Res Res Res. Res. | Res. Res | Res. | Res.

s S s s s S s
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Re MEM2ME PSIZE[1:0 | MIN PIN CIR TEI HTI TClI

PL[1:0] MSIZE[1:0] DIR EN

s M ] C C C E E E

RW RW|RW | RW | RW | RW | RW | RW RW RW | RW | RW RW RW | RW
Bit Name R/W Reset Value Function
31:15 Reserved - - Reserved

Channel 1 memory-to-memory mode.
14 MEM2MEM RW 0 0: disable;

1: memory-to-memory mode enable;

Channel 1 priority configuration.
00: low;

13x 12 PL[1:0] RW 0 01: medium;

10: high;

11: very high;

Channel 1 memory data width.
00: 8 bhits;

11x 10 MSIZE[1:0] RW 0 01: 16 bits;

10: 32 bits;

11: Reserved.

Channel 1 peripheral data width.
00: 8 bits;

9x 8 PSIZE[1:0] RW 0 01: 16 bits;

10: 32 bits;

11: Reserved.

7 MINC RW 0 Channel 1 memory address increment mode.
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Bit

Name

R/W

Reset Value

Function

0: disable;

1: memory address increment mode enable;

PINC

RW

Channel 1 peripheral address incremental mode.
0: disabled;

1: Peripheral address increment mode enable;

CIRC

RW

Channel 1 cyclic mode.
0: disable;

1: cyclic mode enable;

DIR

RW

Channel 1 data transfer direction.
0: read from peripheral;

1: Read from memory;

TEIE

RW

Channel 1 transmission error interrupt (TE) enable.
0: disable;
1: TE interrupt enable;

HTIE

RW

Channel 1 half-transmission interrupt (HT) enable.
0: disable;
1: HT interrupt enable;

TCIE

RW

Channel 1 Transmission Completion Interrupt (TC)
enable.

0: disable;

1: TC interrupt enable;

EN

RW

Channel 1 enable .
0: disable;
1: Channel 1 enabled;

12.4.4. DMA channel 1 number of data register (DMA_CNDTR1)

Address offset:0x0C

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NDT[15:0]

RW‘RW‘RWIRW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RWIRW‘RW

Bit Name R/W Reset Value Function
31x 16 Reserved - - Reserved
channel 1 Number of data to transfer
Number of data to be transferred (0 up to
15% 0 NDT[15:0] RW 0 _ _ ,
65535). This register can only be written when
the channel is disabled. Once the channel is en-
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Bit Name R/W Reset Value Function

abled, this register is read-only, indicating the re-
maining bytes to be transmitted. This register
decrements after each DMA transfer.

Once the transfer is completed, this register can
either stay at zero or be reloaded automatically
by the value previously programmed if the chan-
nel is configured in autoreload mode.

If this register is zero, no transaction can be

served whether the channel is enabled or not.

12.4.5. DMA channel 1 peripheral address register (DMA_CPAR1)
Address offset:0x10

Reset value:0x0000 0000

31|30|29|28‘27‘26‘25‘24‘23‘22‘21‘20‘19‘18|17‘16
PA[31:16]

RW |[RW |[RW [|RW |[RW [RW | RW | RW [RW [ RW [ RW [ RW | RW | RW RW | RW

15 [ 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
PA[15:0]

RWIRWIRWIRW‘RW‘RW‘ RW‘RW‘RW‘RW‘RW‘RW‘RW‘ RWIRW‘RW

Bit Name R/W Reset Value Function

Channel 1 peripheral address.

The base address of the Channel 1 peripheral
data register, which is used as the source or
destination for data transfer.

When PSIZE=2'0b01, the PA[O] bit is not used.
31x 0 PA[31:0] RW 0
The operation is automatically aligned with the
half-word address.

When PSIZE=2'b10, the PA[1:0] bits are not
used. The operation is automatically aligned with

the word address.

12.4.6. DMA channel 1 memory address register (DMA_CMAR1)
Address offset:0x14

Reset value:0x0000 0000

31‘30|29‘28‘27‘26‘25‘24‘23‘22‘21’20‘19‘18|17‘16
MA[31:16]

RW|[RW [RW [RW [RW [RW [ RW [ RW [RW [RW [ RW [ RW [ RW | RwW RW | RW
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
MA[15:0]
RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW’RW‘RW‘RW’RW‘RW
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Bit

Name

R/W

Reset Value

Function

31x 0

MA[31:0]

RW

Channel 1 memory address.

Channel 1 memory address, as the source or

destination of data transfer.

When MSIZE=2'b01, the MA[0] bit is not used.

Operation is automatically aligned with the half-

word address.

When MSIZE=2'b10, the MA[1:0] bits are not

used. The operation is automatically aligned with

the word address.

12.4.7. DMA channel 2 configuration register (DMA_CCR?2)

Address offset:0x1C

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res Res | Res | Res | Res | Res Rse Res Res | Res Rse Res | Res | Res Rse
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res MEM2 PL[1:0] MSIZE[1:0] | PSIZE[1:0] v Q clR DIR TE! ATl Tel EN
MEM C C C E E E
RwW RW | RW | RW | RW | RW | RW | RW RW RW | RW | RW RW RW | RW
Bit Name R/W Reset Value Function
31x 15 Reserved - - Reserved
Channel 2 memory-to-memory mode.
14 MEM2MEM RW 0 0: disable;
1: memory-to-memory mode enable;
Channel 2 priority configuration.
00: low;
13x 12 PL[1:0] RW 0 01: medium;
10: high;
11: very high;
Channel 2 memory data width.
00: 8 bits;
11x 10 MSIZE[1:0] RW 0 01: 16 bits;
10: 32 bits;
11: Reserved.
Channel 2 peripheral data width.
00: 8 bits;
9x 8 PSIZE[1:0] RW 0 01: 16 bits;
10: 32 bits;
11: Reserved.
7 MINC RW 0 Channel 2 memory address increment mode.
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Bit

Name

R/W

Reset Value

Function

0: disable;

1: memory address increment mode enable;

PINC

RW

Channel 2 peripheral address incremental mode.
0: disable;

1: Peripheral address increment mode enable;

CIRC

RW

Channel 2 loop mode.
0: disable;

1: cyclic mode enable;

DIR

RW

Channel 2 data transfer direction.
0: read from peripheral;

1: Read from memory;

TEIE

RW

Channel 2 Transmission Error Interrupt (TE) En-
able.

0: disable;

1: TE interrupt enable;

HTIE

RW

Channel 2 half-transfer interrupt (HT) enable.
0: disable;
1: HT interrupt enable;

TCIE

RW

Channel 2 Transmission Completion Interrupt
(TC) enable.

0: disable;

1: TC interrupt enable;

EN

RW

Channel 2 enable .
0: disable;
1: Channel 1 enabled;

12.4.8. DMA channel 2 number of data register (DMA_CNDTR?2)

Address offset:0x20

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res Res | Res | Res | Res Res Res | Res | Res | Res | Res Res Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NDT[15:0]

RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW’RW’RW

Bit Name R/W Reset Value Function
31x 16 Reserved - - Reserved
channel 2 Number of data to transfer
15x 0 NDT[15:0] RW 0 Number of data to be transferred (0 up to

65535). This register can only be written when
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Bit Name R/W Reset Value Function

the channel is disabled. Once the channel is en-
abled, this register is read-only, indicating the re-
maining bytes to be transmitted. This register
decrements after each DMA transfer.

Once the transfer is completed, this register can
either stay at zero or be reloaded automatically
by the value previously programmed if the chan-
nel is configured in autoreload mode.

If this register is zero, no transaction can be

served whether the channel is enabled or not.

12.4.9. DMA channel 2 peripheral address register (DMA_CPAR?2)
Address offset:0x24

Reset value:0x0000 0000

31|30|29|28‘27‘26‘25‘24‘23‘22‘21|20‘19‘18|17‘16
PA[31:16]

RW |[RW[RW [RW [RW [RW [ RW [ RW [RW [RW [ RW [ RW [ RW | RW RW | RW
15 | 14 | 13 [ 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
PA[15:0]
RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW

Bit Name R/W Reset Value Function

Channel 2 peripheral address.

The base address of the Channel 2 peripheral
data register, which is used as the source or
destination for data transfer.

31y 0 PA[3L0] RW 0 When PSIZ.E=.2'b01, the F’A[O] bi.t is not ysed.
The operation is automatically aligned with the
half-word address.

When PSIZE=2'b10, the PA[1:0] bits are not
used. The operation is automatically aligned with

the word address.

12.4.10. DMA channel 2 memory address register (DMA_CMAR?2)
Address offset:0x28

Reset value:0x0000 0000

31‘30|29‘28‘27‘26‘25‘24‘23‘22‘21‘20‘19‘18|17‘16

MA[31:16]
RW |[RW|[RW |[RW [RW [RW | RW [ RW [RW [RW [RW [ RW | RW [ RW | RW | RW
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
MA[15:0]

RW‘RW‘RW‘RW‘RW‘RW‘ RW‘RW‘RW‘RW‘RW’RW‘RW‘ RW’RW‘RW
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Bit

Name

R/W

Reset Value

Function

31:0

MA[31:0]

RW

Channel 2 memory address.

Channel 2 memory address, as the source or

destination of data transfer.

When MSIZE=2'b01, the MA[0] bit is not used.
Operation is automatically aligned with the half-

word address.

When MSIZE=2'b10, the MA[1:0] bits are not

used. The operation is automatically aligned with

the word address.

12.4.11. DMA channel 3 configuration register (DMA_CCR3)

Address offset:0x30

Reset value:0x0000 0000

31 30 29 | 28 | 27 26 | 25 | 24 23 22 21 20 19 18 17 16
Re Re | Re Re Re
Res Res | Res | Res | Res | Res Res Res Res | Res | Res
s s s s s
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Re MEM2ME MSIZE[1:0 | PSIZE[1:0 | MIN PIN CIR TEI HTI TCI
PL[1:0] DIR EN
s M ] ] C c C E E E
RwW RW | RW | RW | RW | RW | RW | RW RW RW | RW | RW RW RW | RW
Bit Name R/W Reset Value Function
31x 15 Reserved - - Reserved
Channel 3 memory-to-memory mode.
14 MEM2MEM RW 0 0: disable;
1: memory-to-memory mode enable;
Channel 3 priority configuration.
00: low;
13x 12 PL[1:0] RW 0 01: medium,;
10: high;
11: very high;
Channel 3 memory data width.
00: 8 bits;
11x 10 MSIZE[1:0] RW 0 01: 16 bits;
10: 32 bits;
11: Reserved.
Channel 3 peripheral data width.
9x 8 PSIZE[1:0] RW 0 00:8 b't_s;
01: 16 bits;
10: 32 bits;
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Bit

Name

R/W

Reset Value

Function

11: Reserved.

MINC

RW

Channel 3 memory address increment mode.
0: disable;

1: memory address increment mode enable;

PINC

RW

Channel 3 Peripheral Address Increment Mode.
0: disable;

1: Peripheral address increment mode enable;

CIRC

RW

Channel 3 loop mode.
0: disable;

1: cyclic mode enable;

DIR

RW

Channel 3 data transfer direction.
0: Read from peripheral;
1: Read from memory;

TEIE

RW

Channel 3 Transmission Error Interrupt (TE) En-
able.

0: disable;

1: TE interrupt enable;

HTIE

RW

Channel 3 half-transfer interrupt (HT) enable.
0: disable;
1: HT interrupt enable;

TCIE

RW

Channel 3 Transmission Completion Interrupt
(TC) enable.

0: disable;

1: TC interrupt enable;

EN

RW

Channel 3 enable .
0: disable;
1: Channel 1 enabled;

12.4.12. DMA channel 3 number of data register (DMA_CNDTR?3)

Address offset:0x34

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NDT[15:0]

RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW

Bit Name R/W Reset Value Function
31x 16 Reserved - - Reserved
15x 0 NDT[15:0] RW 0 channel 3 Number of data to transfer
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Bit

Name

R/W

Reset Value

Function

Number of data to be transferred (0 up to
65535). This register can only be written when
the channel is disabled. Once the channel is en-
abled, this register is read-only, indicating the re-
maining bytes to be transmitted. This register
decrements after each DMA transfer.

Once the transfer is completed, this register can
either stay at zero or be reloaded automatically
by the value previously programmed if the chan-
nel is configured in autoreload mode.

If this register is zero, no transaction can be

served whether the channel is enabled or not.

12.4.13. DMA channel 3 peripheral address register (DMA_CPAR3)

Address offset:0x38

Reset value:0x0000 0000

31‘30'29'28‘27‘26‘25 24‘23 22‘21’20‘19‘18|17‘16
PA[31:16]

RW |[RW [RW [RW |RW [RW | RW | RW [RW | RW [ RW | RW | RW | RW RW | RW

15 [ 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
PA[15:0]

RW‘RWIRWIRW‘RW‘RW‘ RW‘RWIRW‘RW‘RW‘RW‘RW‘ RWIRW‘RW

Bit

Name

R/W

Reset Value

Function

31x 0

PA[31:0]

RW

Channel 3 peripheral address.

The base address of the Channel 3 peripheral
data register, which is used as the source or
destination for data transfer.

When PSIZE=2'0b01, the PA[O] bit is not used.
The operation is automatically aligned with the
half-word address.

When PSIZE=2'b10, the PA[1:0] bits are not
used. The operation is automatically aligned with

the word address.

12.4.14. DMA channel 3 memory address register (DMA_CMAR?3)

Address offset:0x3C

Reset value:0x0000 0000

31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20‘19‘18|17‘16
MA[31:16]
RW[RW |[RW |[RW [RW [RW | RW | RW [RW [RW [RW | RW | RW | RW RW RW

15 14

13

12

11

10

9

8 7

5 4 3 2 1 0
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MA[15:0]

RW‘RW‘RW‘RW‘RW‘RW‘ RW‘RW‘RW‘RW‘RW‘RW‘RW‘ RW‘RW‘RW

Bit

Name

R/W

Reset Value

Function

31x 0

MA[31:0]

RW

Channel 3 memory address.

Channel 3 memory address, as the source or
destination of data transfer.

When MSIZE=2'b01, the MA[0] bit is not used.
Operation is automatically aligned with the half-
word address.

When MSIZE=2'b10, the MA[1:0] bits are not
used. The operation is automatically aligned with

the word address.

12.4.15. DMA channel 4 configuration register (DMA_CCR4)

Address offset:0x44

Reset value:0x0000 0000

31 30 29 |28 |27 26 25 |24 |23 22 21 20 |19 18 17 16
Re | Re Re | Re Re Re
Res Res. Res | Res Res. | Res. | Res. Res | Res. | Res.
s s s S s s
15 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | MEM2ME MSIZE[1:0 | PSIZE[1:0 | MIN PIN CIR TEI HTI | TCI
PL[1:0] DIR EN
M ] ] C C C E E E
RW RW | RW | RW | RW | RW | RW | RW RW RW | RW | RW | RW | RW | RW
Bit Name R/W Reset Value Function
31x 15 Reserved - - Reserved
Channel memory to memory mode.
14 MEM2MEM RW 0 0: disable;
1: memory-to-memory mode enable;
Channel priority configuration.
00: low;
13x 12 PL[1:0] RW 0 01: medium;
10: high;
11: very high;
Channel memory data width.
00: 8 bits;
11x 10 MSIZE[1:0] RW 0 01: 16 bits;
10: 32 bits;
11: Reserved.

192913



PY32F07X Reference Manual

Bit

Name

R/W

Reset Value

Function

9x 8

PSIZE[1:0]

RW

Channel peripheral data width.
00: 8 bits;

01: 16 bits;

10: 32 bits;

11: Reserved.

MINC

RW

Channel memory address increment mode.
0: disable;

1: memory address increment mode enable;

PINC

RW

Channel Peripheral Address Increment Mode.
0: disabled;

1: Peripheral address increment mode enable;

CIRC

RW

Channel cycling mode.
0: disable;
1: cyclic mode enable;

DIR

RW

Channel data transfer direction.
0: read from peripheral;
1: Read from memory;

TEIE

RW

Channel transmission error interrupt (TE) enable.
0: disabled;
1: TE interrupt enable;

HTIE

RW

Channel half-transfer interrupt (HT) enable.
0: disable;
1: HT interrupt enable;

TCIE

RW

Channel Transmission Completion Interrupt (TC)
enable.

0: disable;

1: TC interrupt enable;

EN

RW

Channel enable .
0: disable;

1: channel enable;

12.4.16. DMA channel 4 number of data register (DMA_CNDTRA4)

Reset value:0x0000 0000

Address offset:0x48

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NDT[15:0]

RwW RwW RW RW RW RW RW RwW RW RwW RW RwW RW RwW RW RwW
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Bit Name R/W Reset Value Function

31x 16 Reserved - - Reserved

Number of channel data transfers.

The number of data transfers is from 0 to 65535.
This register is only written when the channel is
not operating (DMA_CCR3.EN=0). This register
is read-only after the channel is enabled, indicat-
ing the number of bytes remaining to be trans-
ferred. This register value decrements after each
15x 0 NDT[L5:0] RW 0 DMA transfer. -

After the data transfer is completed, the contents
of the register either change to 0, or when the
channel is configured in cyclic mode, the con-
tents of the register will be automatically re-
loaded to the value it had when it was previously
configured.

When this register value is 0, no data will be
transferred even if the DMA channel starts.

12.4.17. DMA channel 4 peripheral address register (DMA_CPAR4)
Address offset:0x4C

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

PA[31:16]

RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PA[15:0]

RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW

Bit Name R/W | Reset Value | Function

Channel Peripheral Address.

The base address of the channel peripheral data register, used as the
source or destination for data transfer.

31:0 PA[31:0] RW 0 When PSIZE=2'b01, the PA[O] bit is not used. Operation is automatically
aligned with the half-word address.

When PSIZE=2'b10, the PA[1:0] bits are not used. The operation is auto-
matically aligned with the word address.

12.4.18. DMA channel 4 memory address register (DMA_CMAR4)
Address offset:0x50

Reset value:0x0000 0000
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

MA[31:16]

RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MA[15:0]

RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW

. Reset .
Bit Name R/W Function
Value

Channel memory address.

The channel memory address, as the source or destination for data
transfer.

31x 0 | MA[31.0] |RW |0 When MSIZE=2'h01, the MA[0] bit is not used. Operation is automatically
aligned with the half-word address.

When MSIZE=2'b10, the MA[1:0] bits are not used. The operation is au-
tomatically aligned with the word address.

12.4.19. DMA channel 5 configuration register (DMA_CCR5)
Address offset:0x58

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Re Re Re Re Re
Res. Res | Res | Res | Res | Res. Res. | Res. Res | Res. | Res.

s s s s s
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Re MEM2ME MSIZE[1:0 | PSIZE[1:0 | MIN PIN CIR TEI HTI TCI

PL[1:0] DIR EN

s M ] ] C C C E E E

RwW RW | RW | RW | RW | RW | RW | RW RW RW | RW | RW RwW RW | RW
Bit Name R/W Reset Value Function
31x 15 Reserved - - Reserved

Channel memory to memory mode.
14 MEM2MEM RW 0 0: disable;

1: memory-to-memory mode enable;

Channel priority configuration.
00: low;

13x 12 PL[1:0] RW 0 01: medium;

10: high;

11: very high;

Channel memory data width.

11x 10 MSIZE[1:0] RW 0
00: 8 bits;
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Bit Name R/W Reset Value Function

01: 16 bits;
10: 32 bits;
11: Reserved.

Channel peripheral data width.
00: 8 bits;

9x 8 PSIZE[1:0] RW 0 01: 16 bits;

10: 32 bits;

11: Reserved.

Channel memory address increment mode.
7 MINC RW 0 0: disable;

1: memory address increment mode enable;

Channel Peripheral Address Increment Mode.
6 PINC RW 0 0: disabled;
1: Peripheral address increment mode enable;

Channel cycling mode.
5 CIRC RW 0 0: disable;
1: cyclic mode enable;

Channel data transfer direction.
4 DIR RW 0 0: read from peripheral,
1: Read from memory;

Channel transmission error interrupt (TE) ena-
ble.
0: disabled;

1: TE interrupt enable;

3 TEIE RW 0

Channel half-transfer interrupt (HT) enable.
2 HTIE RW 0 0: disable;
1: HT interrupt enable;

Channel Transmission Completion Interrupt (TC)
enable.
0: disable;

1 TCIE RW 0

1: TC interrupt enable;

Channel enable .
0 EN RW 0 0: disable;

1: channel enable;

12.4.20. DMA channel 5 number of data register (DMA_CNDTRY5)
Address offset:0x5C

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

NDT[15:0]
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RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW

. Reset .
Bit Name R/W Function
Value

31x
Reserved - - Reserved

16

Number of channel data transfers.

The number of data transfers is from 0 to 65535. This register is only written
when the channel is not operating (DMA_CCR3.EN=0). This register is read-
only after the channel is enabled, indicating the number of bytes remaining to
15% be transferred. This register value decrements after each DMA transfer.
NDT[15:0] | RW | O After the data transfer is completed, the contents of the register either change
to 0, or when the channel is configured in cyclic mode, the contents of the reg-
ister will be automatically reloaded to the value it had when it was previously
configured.

When this register value is 0, no data will be transferred even if the DMA chan-

nel starts.

12.4.21. DMA channel 5 peripheral address register (DMA_CPARD5)
Address offset:0x60

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

PA[31:16]

RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PA[15:0]

RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW

Bit Name R/W | Reset Value | Function

Channel Peripheral Address.

The base address of the channel peripheral data register, used as the
source or destination for data transfer.

31x 0 | PA[31:0] |RW |0 When PSIZE=2'b01, the PA[0] bit is not used. Operation is automatically
aligned with the half-word address.

When PSIZE=2'b10, the PA[1:0] bits are not used. The operation is auto-

matically aligned with the word address.

12.4.22. DMA channel 5 memory address register (DMA_CMARS)
Address offset:0x64

Reset value:0x0000 0000
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

MA[31:16]

RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MA[15:0]

RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW

. Reset .
Bit Name R/W Function
Value

Channel memory address.

The channel memory address, as the source or destination for data
transfer.

31x 0 | MA[31.0] |RW |0 When MSIZE=2'h01, the MA[0] bit is not used. Operation is automatically
aligned with the half-word address.

When MSIZE=2'b10, the MA[1:0] bits are not used. The operation is au-
tomatically aligned with the word address.

12.4.23. DMA channel 6 configuration register (DMA_CCR®6)
Address offset:0x6C

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Re Res. Re Re | Res | Res | Res | Res | Res. Res. Res. Re Res | Res. | Res. Re
S S S S S
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Re MEM2ME PL[1:0] MSIZE[1:0 | PSIZE[1:0 | MIN PIN CIR | DIR | TEI HTI TCI EN

s M ] ] C C C E E E

RW RW | RW | RW | RW | RW | RW RW RW RW RW | RW RW RW RW
Bit Name R/W Reset Value Function
31x 15 Reserved - - Reserved

Channel memory to memory mode.
14 MEM2MEM RW 0 0: disable;

1: memory-to-memory mode enable;

Channel priority configuration.
00: low;

13x 12 PL[1:0] RW 0 01: medium;

10: high;

11: very high;

Channel memory data width.

11x 10 MSIZE[1:0] RW 0
00: 8 bits;
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Bit Name R/W Reset Value Function

01: 16 bits;
10: 32 bits;
11: Reserved.

Channel peripheral data width.
00: 8 bits;

9x 8 PSIZE[1:0] RW 0 01: 16 bits;

10: 32 bits;

11: Reserved.

Channel memory address increment mode.
7 MINC RW 0 0: disable;

1: memory address increment mode enable;

Channel Peripheral Address Increment Mode.
6 PINC RW 0 0: disabled;
1: Peripheral address increment mode enable;

Channel cycling mode.
5 CIRC RW 0 0: disable;
1: cyclic mode enable;

Channel data transfer direction.
4 DIR RW 0 0: read from peripheral,
1: Read from memory;

Channel transmission error interrupt (TE) ena-
ble.
0: disabled;

1: TE interrupt enable;

3 TEIE RW 0

Channel half-transfer interrupt (HT) enable.
2 HTIE RW 0 0: disable;
1: HT interrupt enable;

Channel Transmission Completion Interrupt (TC)
enable.
0: disable;

1 TCIE RW 0

1: TC interrupt enable;

Channel enable .
0 EN RW 0 0: disable;

1: channel enable;

12.4.24. DMA channel 6 number of data register (DMA_CNDTR6)
Address offset:0x70

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

NDT[15:0]
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RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW

. Reset .
Bit Name R/W Function
Value

31x 16 | Reserved | - - Reserved

Number of channel data transfers.

The number of data transfers is from 0 to 65535. This register is only written
when the channel is not operating (DMA_CCR3.EN=0). This register is read-
only after the channel is enabled, indicating the number of bytes remaining to
be transferred. This register value decrements after each DMA transfer.

15x 0 NDT[15:0] | RW | O After the data transfer is completed, the contents of the register either change
to 0, or when the channel is configured in cyclic mode, the contents of the reg-
ister will be automatically reloaded to the value it had when it was previously
configured.

When this register value is 0, no data will be transferred even if the DMA chan-

nel starts.

12.4.25. DMA channel 6 peripheral address register (DMA_CPARG6)
Address offset:0x74

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

PA[31:16]

RW | RW | RW | RW | RW | RW | RW | RW [ RW | RW | RW | RW | RW | RW | RW | RW

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PA[15:0]

RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW

Bit Name R/W | Reset Value | Function

Channel Peripheral Address.

The base address of the channel peripheral data register, used as the
source or destination for data transfer.

31x 0 | PA[31:0] |RW |O When PSIZE=2'b01, the PA[0Q] bit is not used. Operation is automatically
aligned with the half-word address.

When PSIZE=2'b10, the PA[1:0] bits are not used. The operation is auto-

matically aligned with the word address.

12.4.26. DMA channel 6 memory address register (DMA_CMARG)
Address offset:0x78

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
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MA[31:16]

RW | RW | RW | RW | RW | RW | RW [ RW | RW | RW | RW | RW | RW | RW | RW | RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MA[15:0]

RW | RW | RW | RW | RW | RW | RW [ RW | RW | RW | RW | RW | RW | RW | RW | RW

. Reset .
Bit Name R/W Function
Value

Channel memory address.
The channel memory address, as the source or destination for data
transfer.

31x 0 | MA[31:0] |RW |0 When MSIZE=2'b01, the MA[0] bit is not used. Operation is automatically
aligned with the half-word address.
When MSIZE=2'010, the MA[1:0] bits are not used. The operation is au-
tomatically aligned with the word address.

12.4.27. DMA channel 7 configuration register (DMA_CCRY7)

Address offset:0x80

Reset value:0x0000 0000

31 30 29 |28 |27 26 25 |24 |23 22 21 20 |19 18 17 16
Re | Re Re | Re Re Re
Res Res. Res | Res Res. | Res. | Res. Res | Res. | Res.
s s S S s S
15 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | MEM2ME MSIZE[1:0 | PSIZE[1:0 | MIN PIN CIR TEI HTI | TCI
PL[1:0] DIR EN
M ] ] C C C E E E
RW RW | RW | RW | RW | RW | RW | RW RW RW | RW | RW | RW | RW | RW
Bit Name R/W Reset Value Function
31x 15 Reserved - - Reserved
Channel memory to memory mode.
14 MEM2MEM RW 0 0: disable;
1: memory-to-memory mode enable;
Channel priority configuration.
00: low;
13x 12 PL[1:0] RW 0 01: medium;
10: high;
11: very high;
Channel memory data width.
11x 10 MSIZE[1:0] RW 0 00: 8 bits;
01: 16 bits;
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Bit Name R/W Reset Value Function

10: 32 bits;

11: Reserved.

Channel peripheral data width.
00: 8 bits;

9x 8 PSIZE[1:0] RW 0 01: 16 bits;

10: 32 bits;

11: Reserved.

Channel memory address increment mode.
7 MINC RW 0 0: disable;
1: memory address increment mode enable;

Channel Peripheral Address Increment Mode.
6 PINC RW 0 0: disabled;
1: Peripheral address increment mode enable;

Channel cycling mode.
5 CIRC RW 0 0: disable;
1: cyclic mode enable;

Channel data transfer direction.
4 DIR RW 0 0: read from peripheral,
1: Read from memory;

Channel transmission error interrupt (TE) ena-
ble.

0: disabled;

1: TE interrupt enable;

3 TEIE RW 0

Channel half-transfer interrupt (HT) enable.
2 HTIE RW 0 0: disable;
1: HT interrupt enable;

Channel Transmission Completion Interrupt (TC)
enable.

0: disable;

1: TC interrupt enable;

1 TCIE RW 0

Channel enable .
0 EN RW 0 0: disable;

1: channel enable;

12.4.28. DMA channel 7 number of data register (DMA_CNDTR?7)
Address offset:0x84

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

NDT[15:0]

RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW
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Bit Name R/W | Reset Value Function

31x 16 Reserved | - - Reserved

Number of channel data transfers.

The number of data transfers is from 0 to 65535. This register is only
written when the channel is not operating (DMA_CCR3.EN=0). This
register is read-only after the channel is enabled, indicating the number
of bytes remaining to be transferred. This register value decrements af-
15x 0 NDT[15:0 rw | o ter each DMA transfer.

] After the data transfer is completed, the contents of the register either
change to 0, or when the channel is configured in cyclic mode, the con-
tents of the register will be automatically reloaded to the value it had
when it was previously configured.

When this register value is 0, no data will be transferred even if the

DMA channel starts.

12.4.29. DMA channel 7 peripheral address register (DMA_CPAR7)
Address offset:0x88

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

PA[31:16]

RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PA[15:0]

RW | RW | RW | RW | RW | RW [ RW | RW | RW | RW | RW | RW | RW | RW | RW | RW

Bit Name R/W | Reset Value | Function

Channel Peripheral Address.

The base address of the channel peripheral data register, used as the
source or destination for data transfer.

31x 0 | PA[31:0] |RW |0 When PSIZE=2'b01, the PA[0] bit is not used. Operation is automatically
aligned with the half-word address.

When PSIZE=2'b10, the PA[1:0] bits are not used. The operation is auto-

matically aligned with the word address.

12.4.30. DMA channel 7 memory address register (DMA_CMARY7)
Address offset:0x8C

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

MA[31:16]
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RW | RW | RW | RW | RW | RW | RW [ RW | RW | RW | RW | RW | RW | RW | RW | RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MA[15:0]

RW | RW | RW | RW | RW | RW | RW [ RW | RW | RW | RW | RW | RW | RW | RW | RW

. Reset .
Bit Name R/W Function
Value
Channel memory address.
The channel memory address, as the source or destination for data
transfer.
31x 0 | MA[31:.0] |RW |0 When MSIZE=2'b01, the MA[O] bit is not used. Operation is automatically
aligned with the half-word address.
When MSIZE=2'b10, the MA[1:0] bits are not used. The operation is au-
tomatically aligned with the word address.
12.4.31. DMA register map
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13.Interrupts and events

13.1. Nested vectored interrupt controller (NVIC)

13.1.1. NVIC main features

A 32 maskable interrupt channels (not including the 16 ARM® Cortex®-MO interrupt lines)
A 4 programmable priority levels (2 bits of interrupt priority are used)

A Low-latency exception and interrupt handling

A Power management control

A Implementation of System Control Registers

The NVIC and the processor core interface are closely coupled, which enables low latency inter-
rupt processing and efficient processing of late arriving interrupts. All interrupts including the
core exceptions are managed by the NVIC.

13.1.2. SysTick calibration value register

The SysTick calibration value is set to 6000, which gives a reference time base of 1 ms with the Sys-

Tick clock set to 6 MHz (max fhcLx/8).

13.1.3. Interrupt and exception vectors

= >
o f= Type of o
= 5 o Acronym Description Address
% = priority
o o
- - - - Reserved 0x0000_0000
- -3 fixed Reset Reset 0x0000_0004
Non maskable interrupt. The RCC
- -2 fixed NMI_Handler Clock Security System (CSS) is 0x0000_0008
linked to the NMI vector.
- -1 fixed HardFualt_Handler All class of fault 0x0000_000C
System service call via SWI in-
- 3 settable SVcCall ) 0x0000_002C
struction
Pendable request for system ser-
- 5 settable PendSV ) 0x0000_0038
vice
6 SysTick System tick timer 0x0000_003C
0 7 settable WWDG Window watchdog interrupt 0x0000_0040
Supply voltage detection interrupt
1 8 settable PVD ] 0x0000_0044
(EXTI line 16)
RTC interrupt (combined EXTI
2 9 settable RTC ) 0x0000_0048
lines 19)
10 settable Flash Flash global interrupt 0x0000_004C
11 settable RCC_CTC RCC and CTC global interrupt 0x0000_0050
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S z Type of -

_§ -E priority Acronym Description Address

o a
5 12 settable EXTIO_1 EXTI line[1:0] interrupt 0x0000_0054
6 13 settable EXTI2_3 EXTI line[3:2] interrupt 0x0000_0058
7 14 settable EXTI4_15 EXTI line[15:4] interrupt 0x0000_005C
8 15 settable LCD LCD global interrupt 0x0000_0060
9 16 settable DMA_Channell DMA channel 1 interrupt 0x0000_0064
10 17 settable DMA_Channel2_3 DMA channel 2& 3 interrupt 0x0000_0068
1 18 settable DMA_Channeld._5.6_7 DMA channel 4 & 5 & 6 & 7 inter- 0x0000_006C

rupts
12 19 settable ADC_COMP ADC and COMP interrupts (COMP 0x0000_0070
- combined with EXTI 17 & 18 & 20) -
13 20 settable TIM1_BRK_UP_TRG_COM TIM1 disconnect, update, trigger 0x0000_0074
and communication interrupt
14 21 settable TIM1_CC TIM1 Capture/Compare Interrupt 0x0000_0078
15 22 settable TIM2 TIM2 Global Interrupt 0x0000_007C
16 23 settable TIM3 TIM3 Global Interrupt 0x0000_0080
17 24 settable TIM6/LPTIM/DAC TIM6/LPTIM/DAC Global Interrupt | 0x0000_0084
18 25 settable TIM7 TIM7 Global Interrupt 0x0000_0088
19 26 settable TIM14 TIM14 Global Interrupt 0x0000_008C
20 27 settable TIM15 TIM15 Global Interrupt 0x0000_0090
21 28 settable TIM16 TIM16 Global Interrupt 0x0000_0094
22 29 settable TIM17 TIM17 Global Interrupt 0x0000_0098
23 30 settable 12C1 I2C1 global interrupt 0x0000_009C
24 31 settable 12C2 I12C2 global interrupt 0x0000_00A0
25 32 settable SPI1 SPI1 Global Interrupt 0x0000_00A4
26 33 settable SPI2 SPI2 Global Interrupt 0x0000_00A8
27 34 settable USART1 USART1 global interrupt 0x0000_00AC
28 35 settable USART2 USART?2 global interrupt 0x0000_00BO
29 36 settable USART3 4 USART3_4 global interrupt 0x0000_00B4
30 37 settable CAN CAN Global Interrupt 0x0000_00B8
31 38 settable USB USB Global Interrupt 0x0000_00BC
1. The grayed cellse the address less than 0x0000 0040 correspond to the Cortex®-MO0+ in-
terrupts.
13.2. Extended interrupts and events controller (EXTI)

The extended interrupt and event controller, through configurable (configurable) and direct (direct
event) input (Lines), manages the CPU and system wake-up functions, and outputs the following re-

guest signals:

A Interrupt request, sent to the int_ctrl module to generate the IRQ of the CPU
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A Event request, event input to CPU (RXEV)

A Wake-up request, sent to power management control module
EXTI wakeup request allows the system to wake up from stop mode, interrupt request and event re-
guest can also be used in run mode.
EXTI allows to manage up to 21 configurable/direct event lines (19 configurable event lines and 2
direct event lines).
13.2.1. EXTI main features
A The system can be woken up by GPIO and specified module (PVD/COMP/RTC/LPTIM) input
events
U0  Configurable type events (from I/O, or peripherals without stateful pending bits, peripherals
that generate pulses)
U  Optional valid trigger edge (rising/falling edge)
U Interrupt pending flag bit
U Independent interrupt and event generation mask bits
U  Software triggerable
A Direct-type events (peripherals with associated flags and interrupt pending status bits)
A Fixed rising edge trigger
A No interrupt pending bit in the EXTI module
A Independent interrupt and event generation mask bits
A No software triggering

A 10 port selection

13.2.2. EXTI diagram
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IAHB interface _
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Int_ctrl
Fi g d BleEXTI diagram
13.2.3. EXTI connection between peripherals and CPU

13.2.4.

A peripheral that can generate a wake-up or interrupt event signal in stop mode is connected to the

EXTI module.

A A wake-up signal that generates a pulse, or has no interrupt status bits inside the peripheral, is
connected to the configurable line of the EXTI module. At this time, the EXTI module generates
an interrupt pending bit (this bit needs to be cleared), and the EXTI interrupt will be used as the
interrupt signal of the CPU.

The interrupt and wake-up signal of the peripheral with the associated status bit (the bit is cleared

:q>)

in the peripheral) is connected to the wake-up trigger signal line of the EXTI module.

A All GPIO ports are input to the EXTI MUX module, and can be selected as a system wake-up
signal through configurable configuration.

EXTI configurable event trigger wake-up

By configuring the EXTI_SWIER1 register, software can trigger the wake-up function.

There is a corresponding register configuration that triggers a rising edge or falling edge or a double

edge to trigger a configurable type event. The hardware detects the input signal of the configurable

type event according to the configuration, and generates a corresponding wake-up event or interrupt

signal.
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13.2.5.

13.2.6.

The CPU has dedicated interrupt mask registers and event mask registers. The event generated to
the CPU after the event is enabled. The only event input signal rxev that is output to the CPU after all
events to the CPU are OR'ed.

Configurable type events have a unique interrupt pending request register, which is shared with the
CPU. The pending register is only set when the CPU Interrupt Mask Register (EXTI_IMR) is configured
as unmasked. Each configurable type event corresponds to a CPU external interrupt signal (some will
be multiplexed to the same CPU external interrupt signal). Configurable type event interrupt requires
the CPU to confirm through the EXTI_PR register (write 1 to clear).

Note: When a bit of the interrupt pending register (EXTI_PR) remains valid (not cleared), the system
cannot enter the low power consumption mode.

EXTI direct type event input wakeup

The direct type event will generate an interrupt in the EXTI module, and will generate an event signal
to wake up the system and the CPU subsystem. When the CPU processes the interrupt generated by
this type of trigger event, it needs to clear the interrupt status bit of the peripheral module.

External and internal interrupt/event line mapping

The GPIOs are connected to the 16 external interrupt/event lines in the following manner:
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F i g d B2eExternal interrupt/event GPIO mapping

The remaining lines are connected as follow:

EXTl line Line source Line type

Line 0-15 GPIO configurable
Line 16 PVD output Configurable
Line 17 COMP 1 output Configurable
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EXTIl line Line source Line type
Line 18 COMP 2 output Configurable
Line 19 RTC Direct
Line 20 COMP3 output Configurable
Line 21 Reserved
Line 22 Reserved
Line 23 Reserved
Line 24 Reserved
Line 25 Reserved
Line 26 Reserved
Line 27 Reserved
Line 28 Reserved
Line 29 LPTIM Direct

Line 30~33 Reserved

13.3. EXTI registers

13.3.1.

The registers of this peripheral can be accessed with word (32bit), half-word (16bit) and byte (8bit).
Rising trigger selection register (EXTI_RTSR)

Address offset: 0x00

Reset value: 0x0000 0000

Contains only register control bits for configurable events.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res Res Res Res Res Res Res Res Res Res | RT20 | Res | RT18 | RT17 | RT16
RW RW RW RwW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RT15 | RT14 | RT13 | RT12 | RT11 | RT10 | RT9 RT8 RT7 RT6 RTS RT4 RT3 RT2 RT1 RTO
RwW RW RwW RW RW RW RW RW RW RW RW RW RW RW RW RwW
Bit Name R/W | Reset Value Function
31:21 Reserved - - -
Configurable type EXTI line20 rising edge trigger configuration.
20 RT20 RW 0 0: Disable
1: enable
19 Reserved - - -
Configurable type EXTI line18 rising edge trigger configuration.
18 RT18 RW 0 0: Disable
1: enable
Configurable type EXTI linel7 rising edge trigger configuration.
17 RT17 RW 0 0: Disable
1: enable
16 RT16 RW 0 Configurable type EXTI linel6 rising edge trigger configuration.

0: Disable
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Bit Name R/W | Reset Value Function

1: enable

Configurable type EXTI linel5 rising edge trigger configuration.
15 RT15 RW 0 0: Disable

1: enable

Configurable type EXTI line14 rising edge trigger configuration.
14 RT14 RW 0 0: Disable
1: enable

Configurable type EXTI line13 rising edge trigger configuration.
13 RT13 RW 0 0: Disable
1: enable

Configurable type EXTI linel2 rising edge trigger configuration.
12 RT12 RW 0 0: Disable
1: enable

Configurable type EXTI linel1 rising edge trigger configuration.
11 RT11 RW 0 0: Disable
1: enable

Configurable type EXTI line10 rising edge trigger configuration.
10 RT10 RW 0 0: Disable
1: enable

Configurable type EXTI line9 rising edge trigger configuration.
9 RT9 RW 0 0: Disable
1: enable

Configurable type EXTI line8 rising edge trigger configuration.
8 RT8 RW 0 0: Disable
1: enable

Configurable type EXTI line7 rising edge trigger configuration.
7 RT7 RW 0 0: Disable

1: enable

Configurable type EXTI line6 rising edge trigger configuration.
6 RT6 RW 0 0: Disable

1: enable

Configurable type EXTI line5 rising edge trigger configuration.
5 RT5 RW 0 0: Disable

1: enable

Configurable type EXTI line4 rising edge trigger configuration.
4 RT4 RW 0 0: Disable

1: enable

Configurable type EXTI line3 rising edge trigger configuration.
3 RT3 RW 0 0: Disable
1: enable

Configurable type EXTI line2 rising edge trigger configuration.
2 RT2 RW 0 0: Disable
1: enable

Configurable type EXTI linel rising edge trigger configuration.
0: Disable

1 RT1 RwW 0
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Bit Name R/W | Reset Value Function

1: enable

Configurable type EXTI line0 rising edge trigger configuration.
0 RTO RW 0 0: Disable

1: enable

Configurable lines are edge-triggered, and glitches cannot be generated on these lines. If arising edge
occurs on the configurable interrupt line during a write to the EXTI_RTSR register, the associated
Pending bit is not set.
Both rising and falling edges can be set on the same line, in which case both edges will generate a
trigger condition.

13.3.2. Falling trigger selection register (EXTI_FTSR)
Address offset: 0x04
Reset value: 0x0000 0000

Contains only register control bits for configurable events.

31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
Res Res Res | Res Res Res | Res | Res | Res | Res | Res | FT20 | Res | FT18 | FT17 | FT16
RW RwW RW RW

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FT15 | FT14 | FT13 | FT12 | FT11 | FT10 | FT9 | FT8 | FT7 | FT6 | FT5 | FT4 | FT3 | FT2 FT1 FTO
RW RW RwW RW RwW RW RW | RW | RW | RW | RW RW RW RwW RW RW

Bit Name R/W | Reset Value Function
31:21 Reserved - - -
Configurable type EXTI line20 falling edge trigger configuration.
20 FT20 RW 0 0: Disable
1: enable
19 Reserved y - -
Configurable type EXTI line18 falling edge trigger configuration.
18 FT18 RW 0 0: Disable
1: enable

Configurable type EXTI linel7 falling edge trigger configuration.
17 FT17 RW 0 0: Disable

1: enable

Configurable type EXTI linel6 falling edge trigger configuration.
16 FT16 RW 0 0: Disable
1: enable

Configurable type EXTI linel5 falling edge trigger configuration.
15 FT15 RW 0 0: Disable
1: enable
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Bit Name R/W | Reset Value Function

Configurable type EXTI linel4 falling edge trigger configuration.
14 FT14 RW 0 0: Disable
1: enable

Configurable type EXTI linel3 falling edge trigger configuration.
13 FT13 RW 0 0: Disable
1: enable

Configurable type EXTI linel2 falling edge trigger configuration.
12 FT12 RW 0 0: Disable
1: enable

Configurable type EXTI linel1l falling edge trigger configuration.
11 FT11 RW 0 0: Disable

1: enable

Configurable type EXTI linel0 falling edge trigger configuration.
10 FT10 RW 0 0: Disable
1: enable

Configurable type EXTI line9 falling edge trigger configuration.
9 FT9 RW 0 0: Disable
1: enable

Configurable type EXTI line8 falling edge trigger configuration.
8 FT8 RW 0 0: Disable
1: enable

Configurable type EXTI line7 falling edge trigger configuration.
7 FT7 RW 0 0: Disable
1: enable

Configurable type EXTI line6 falling edge trigger configuration.
6 FT6 RW 0 0: Disable

1: enable

Configurable type EXTI line5 falling edge trigger configuration.
5 FT5 RW 0 0: Disable

1: enable

Configurable type EXTI line4 falling edge trigger configuration.
4 FT4 RW 0 0: Disable
1: enable

Configurable type EXTI line3 falling edge trigger configuration.
3 FT3 RW 0 0: Disable
1: enable

Configurable type EXTI line2 falling edge trigger configuration.
2 FT2 RW 0 0: Disable
1: enable

Configurable type EXTI linel falling edge trigger configuration.
1 FT1 RW 0 0: Disable
1: enable

Configurable type EXTI line0 falling edge trigger configuration.
0 FTO RW 0 0: Disable

1: enable
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Configurable lines are edge-triggered, and no burrs can be generated on these lines. If a falling edge

occurs on a Configurable line during a write to the EXTI_FTSR register, the associated Pending bit is

not set.

Both rising and falling edges can be set on the same line, in which case both edges will generate a

triggering condition.

13.3.3. Software interrupt event register (EXTI_SWIER)

Address offset: 0x08

Reset value: 0x0000 0000

Contains only register control bits for configurable events.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res Res Res Res Res | Res | Res | Res | Res | Res | SW1 | Res | SW1 | SW1 | SW1
8 8 7 6
RW RW RwW RwW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SW1 | SW1 | SW1 | SW1 | SW1 | SW1 | SW | SW | SW | SW | SW | SW4 | SW | SW2 | SW1 | SWO
5 4 3 2 1 0 9 8 7 6 5 3
RW RwW RW RW RW RW RW | RW | RW | RW | RW RW RW RW RwW RwW
Bit Name R/W | Reset Value Function
31x 21 Reserved | - - .
Configurable type EXTI line20 software rising edge trigger con-
figuration.
0: No effect
20 SWI20 RW 0 1: Generate a rising edge trigger event, which in turn generates
an interrupt
This bit is cleared by hardware, and a read returns 0 (after hard-
ware clearing) or configuration value (before hardware clearing)
19 Reseverd - - -
Configurable type EXTI linel8 software rising edge trigger con-
figuration.
0: No effect
18 SWI18 RW 0 1: Generate a rising edge trigger event, which in turn generates
an interrupt
This bit is cleared by hardware, and a read returns 0 (after hard-
ware clearing) or configuration value (before hardware clearing)
Configurable type EXTI linel7 software rising edge trigger con-
17 SWI17 RW 0 figuration.
0: No effect
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Bit Name R/W | Reset Value Function

1: Generate a rising edge trigger event, which in turn generates
an interrupt
This bit is cleared by hardware, and a read returns 0 (after hard-

ware clearing) or configuration value (before hardware clearing)

Configurable type EXTI linel6 software rising edge trigger con-

figuration.

0: No effect

16 SWI16 RW 0 1: Generate a rising edge trigger event, which in turn generates

an interrupt

This bit is cleared by hardware, and a read returns 0 (after hard-

ware clearing) or configuration value (before hardware clearing)

Configurable type EXTI linel5 software rising edge trigger con-

figuration.

0: No effect

15 SWI15 RW 0 1: Generate a rising edge trigger event, which in turn generates

an interrupt

This bit is cleared by hardware, and a read returns 0 (after hard-
ware clearing) or configuration value (before hardware clearing)

Configurable type EXTI line14 software rising edge trigger con-

figuration.

0: No effect

14 Swii4 RW 0 1: Generate a rising edge trigger event, which in turn generates
an interrupt

This bit is cleared by hardware, and a read returns 0 (after hard-
ware clearing) or configuration value (before hardware clearing)

Configurable type EXTI linel13 software rising edge trigger con-

figuration.

0: No effect

13 SWI13 RW 0 1: Generate a rising edge trigger event, which in turn generates

an interrupt

This bit is cleared by hardware, and a read returns 0 (after hard-

ware clearing) or configuration value (before hardware clearing)

Configurable type EXTI line12 software rising edge trigger con-

figuration.

0: No effect

12 SWI12 RW 0 1: Generate a rising edge trigger event, which in turn generates

an interrupt

This bit is cleared by hardware, and a read returns 0 (after hard-

ware clearing) or configuration value (before hardware clearing)

Configurable type EXTI linel11 software rising edge trigger con-
figuration.

11 SWI11 RW 0 0: No effect

1: Generate a rising edge trigger event, which in turn generates

an interrupt
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Bit Name R/W | Reset Value Function

This bit is cleared by hardware, and a read returns 0 (after hard-

ware clearing) or configuration value (before hardware clearing)

Configurable type EXTI linel10 software rising edge trigger con-

figuration.

0: No effect

10 SWI10 RW 0 1: Generate a rising edge trigger event, which in turn generates

an interrupt

This bit is cleared by hardware, and a read returns 0 (after hard-

ware clearing) or configuration value (before hardware clearing)

Configurable type EXTI line9 software rising edge trigger config-
uration.

0: No effect

9 SWI9 RW 0 1: Generate a rising edge trigger event, which in turn generates
an interrupt

This bit is cleared by hardware, and a read returns 0 (after hard-
ware clearing) or configuration value (before hardware clearing)

Configurable type EXTI line8 software rising edge trigger config-
uration.

0: No effect

8 SwWi8 RW 0 1: Generate a rising edge trigger event, which in turn generates
an interrupt

This bit is cleared by hardware, and a read returns 0 (after hard-

ware clearing) or configuration value (before hardware clearing)

Configurable type EXTI line7 software rising edge trigger config-
uration.

0: No effect

7 SWI7 RW 0 1: Generate a rising edge trigger event, which in turn generates
an interrupt

This bit is cleared by hardware, and a read returns 0 (after hard-

ware clearing) or configuration value (before hardware clearing)

Configurable type EXTI line6 software rising edge trigger config-
uration.

0: No effect

6 SWI6 RW 0 1: Generate a rising edge trigger event, which in turn generates
an interrupt

This bit is cleared by hardware, and a read returns O (after hard-

ware clearing) or configuration value (before hardware clearing)

Configurable type EXTI line5 software rising edge trigger config-
uration.

0: No effect

5 SWI5 RW 0 1: Generate a rising edge trigger event, which in turn generates
an interrupt

This bit is cleared by hardware, and a read returns 0 (after hard-

ware clearing) or configuration value (before hardware clearing)
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Bit

Name

R/W

Reset Value

Function

SWi4

RW

Configurable type EXTI line4 software rising edge trigger config-
uration.

0: No effect

1: Generate a rising edge trigger event, which in turn generates
an interrupt

This bit is cleared by hardware, and a read returns 0 (after hard-

ware clearing) or configuration value (before hardware clearing)

SWI3

RW

Configurable type EXTI line3 software rising edge trigger config-
uration.

0: No effect

1: Generate a rising edge trigger event, which in turn generates
an interrupt

This bit is cleared by hardware, and a read returns 0 (after hard-
ware clearing) or configuration value (before hardware clearing)

SWi2

RW

Configurable type EXTI line2 software rising edge trigger config-
uration.

0: No effect

1: Generate a rising edge trigger event, which in turn generates
an interrupt

This bit is cleared by hardware, and a read returns 0 (after hard-
ware clearing) or configuration value (before hardware clearing)

Swi1

RW

Configurable type EXTI linel software rising edge trigger config-
uration.

0: No effect

1: Generate a rising edge trigger event, which in turn generates
an interrupt

This bit is cleared by hardware, and a read returns 0 (after hard-
ware clearing) or configuration value (before hardware clearing)

SWIO

RW

Configurable type EXTI lineO software rising edge trigger config-
uration.

0: No effect

1: Generate a rising edge trigger event, which in turn generates
an interrupt

This bit is cleared by hardware, and a read returns 0 (after hard-

ware clearing) or configuration value (before hardware clearing)

13.3.4. Pending register (EXTI_PR)

Address offset: Ox0C

Reset value: undefined

Contains only register control bits for configurable events.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res Res Res Res Res Res Res Res Res Res | PR2 Res | PR1 | PR1 | PR1
0 8 7 6
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rc_w [C_W | IC_W|TIrcw

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PR1 | PR1 | PR1 | PR1 | PR1 | PR1 | PR9 | PR8 | PR7 | PR6 | PR5 | PR4 | PR3 | PR2 | PR1 | PRO

rC_W | IC_W | IC_W | TC_W | TC_W | IC_W | IC_W | ICW | IC_W | ICW | IC_W | ICW | IC_W | IC_W | IC_W | rc_w

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Bit Name R/W Reset Value Function
31x 21 Reserved - } _

Configurable type EXTI line20 event pending
flag. This bit is set when software or hardware
generates a rising/falling edge trigger event.
20 PR20 RC Wi 0 Software writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software
trigger event request,

19 Reserved - - -

Configurable type EXTI linel8 event pending
flag. This bit is set when software or hardware
generates a rising/falling edge trigger event.
18 PR18 RC_W1 0 Software writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software
trigger event request,

Configurable type EXTI linel7 event pending
flag. This bit is set when software or hardware
generates a rising/falling edge trigger event.
17 PR17 RC_W1 0 Software writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software

trigger event request,

Configurable type EXTI linel6 event pending
flag. This bit is set when software or hardware
generates a rising/falling edge trigger event.
16 PR16 RC W1 0 Software writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software

trigger event request,

Configurable type EXTI linel5 event pending
flag. This bit is set when software or hardware
15 PR15 RC_W1 0 generates a rising/falling edge trigger event.
Software writes 1 to clear.

0: no event request is generated,
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Bit

Name

R/W

Reset Value

Function

1: Generate rising edge/falling edge/software

trigger event request,

14

PR14

RC_W1

Configurable type EXTI linel4 event pending
flag. This bit is set when software or hardware
generates a rising/falling edge trigger event.
Software writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software

trigger event request,

13

PR13

RC_W1

Configurable type EXTI linel3 event pending
flag. This bit is set when software or hardware
generates a rising/falling edge trigger event.
Software writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software
trigger event request,

12

PR12

RC_W1

Configurable type EXTI line12 event pending
flag. This bit is set when software or hardware
generates a rising/falling edge trigger event.
Software writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software
trigger event request,

11

PR11

RC_W1

Configurable type EXTI linell event pending
flag. This bit is set when software or hardware
generates a rising/falling edge trigger event.
Software writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software

trigger event request,

10

PR10

RC_W1

Configurable type EXTI linel0 event pending
flag. This bit is set when software or hardware
generates a rising/falling edge trigger event.
Software writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software

trigger event request,

PR9

RC_W1

Configurable type EXTI line9 event pending flag.
This bit is set when software or hardware gener-
ates a rising/falling edge trigger event. Software
writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software

trigger event request,
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Bit

Name

R/W

Reset Value

Function

PR8

RC_W1

Configurable type EXTI line8 event pending flag.
This bit is set when software or hardware gener-
ates a rising/falling edge trigger event. Software
writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software

trigger event request,

PR7

RC_W1

Configurable type EXTI line7 event pending flag.
This bit is set when software or hardware gener-
ates a rising/falling edge trigger event. Software
writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software
trigger event request,

PR6

RC_W1

Configurable type EXTI line6 event pending flag.
This bit is set when software or hardware gener-
ates a rising/falling edge trigger event. Software
writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software

trigger event request,

PR5

RC_W1

Configurable type EXTI line5 event pending flag.
This bit is set when software or hardware gener-
ates a rising/falling edge trigger event. Software
writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software

trigger event request,

PR4

RC_W1

Configurable type EXTI line4 event pending flag.
This bit is set when software or hardware gener-
ates a rising/falling edge trigger event. Software
writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software

trigger event request,

PR3

RC_W1

Configurable type EXTI line3 event pending flag.
This bit is set when software or hardware gener-
ates a rising/falling edge trigger event. Software
writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software

trigger event request,
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Bit

Name

R/W

Reset Value

Function

RPIF2

RC_W1

Configurable type EXTI line2 event pending flag.
This bit is set when software or hardware gener-
ates a rising/falling edge trigger event. Software
writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software

trigger event request,

PR1

RC_W1

Configurable type EXTI linel event pending flag.
This bit is set when software or hardware gener-
ates a rising/falling edge trigger event. Software
writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software
trigger event request,

PRO

RC_W1

Configurable type EXTI line0 event pending flag.
This bit is set when software or hardware gener-
ates a rising/falling edge trigger event. Software
writes 1 to clear.

0: no event request is generated,

1: Generate rising edge/falling edge/software

trigger event request,

13.3.5. External interrupt select register 1 (EXTI_EXTICR1)

Address offset:0x60

Reset value:0x0000

31 | 30 | 29 28 27 26 25 24 23 21 20 19 18 17 16
Res | Res | Res | Res Res | Res EXTI3[1:0] | Res | Res Res Res Res Res EXTI2[1:0]
RwW RW RW | RW
15 14 13 12 11 10 9 8 7 5 4 3 2 1 0
Res | Res | Res | Res Res | Res EXTI1[1:0] | Res | Res Res Res Res Res EXTIO[1:0]
RwW RW RW | RW
Bit Name R/W Reset Value Function
31:26 Reserved - - Reserved
EXTI3 corresponds to GPIO port selection.
206 @0: PA[3] pin
25:24 EXTI3[1:0] RW 0 2 @b PB[3] pin
26b1Q3]pinPC
206b113]pinPF
23:18 Reserved - - Reserved
EXTI2 corresponds to GPIO port selection.
17:16 EXTI2[1:0] RW 0 26 @0: PA[2] pin
2 @b: PB[2] pin
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Bit Name R/W Reset Value Function
26 b 12 pinPC
2 6 b 1H2] pinP

15:10 Reserved - - Reserved

EXTI1 corresponds to GPIO port selection.
26 @0: PA[1] pin

9:8 EXTIL[1:0] RW 0 2 @b PB[1] pin

26 b 1l(J1]pinP C

2 6 b 1H1] pinP

7:2 Reserved - - Reserved

EXTIO corresponds to GPIO port selection.
26 @0: PA[Q] pin

1:0 EXTIO[1:0] RW 0 2 @b: PB[0] pin

26 b 1(dQ]pinP C

2 6 b 1HQ] pinP

(@)

(e}

13.3.6. External interrupt select register 2 (EXTI_EXTICR2)
Address offset:0x64

Reset value:0x0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 | 16
Res | Res | Res | Res | Res | Res | EXTI7[1:0] | Res | Res | Res | Res | Res | Res | EXTI6[1:0]
RW RwW RW | RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | Res | Res | Res | Res | EXTI5[1:0] | Res | Res | Res | Res | Res | Res | EXTI4[1:0]
RW RwW RW | RW
Bit Name R/W Reset Value Function
31:26 Reserved - - Reserved

EXTI7 corresponds to GPIO port selection.
26b00: PA[ 7] pin
25:24 EXTI7[1:0] RW 0 26b01: PB[7] pin
26b10: PC[7] pin
26b11: PF[ 7] pin

23:18 Reserved - - Reserved

EXTI6 corresponds to GPIO port selection.
26b00: PA[6] pin
17:16 EXTI6[1:0] RW 0 26b01: PB[6] pin
26b10: PC[6] pin
26b11: PF[ 6] pin

15:10 Reserved - - Reserved

EXTI5 corresponds to GPIO port selection.
26b00: PA[ 5] pin
26b01: PB[5] pin
26b10: PC[5] pin

9:8 EXTI5[1:0] RW 0

(@)
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Bit

Name

R/W

Reset Value

Function

26b11: PF[5] pin

7:2

Reserved

Reserved

1.0

EXTI4[1:0]

RW

EXTI4 corresponds to GPIO port selection.
206 @0: PA[4] pin

2 @b PB[4] pin

26 b 1 J4]pinP C

2 6 b 1HA4] pinP

13.3.7. External interrupt select register 3 (EXTI_EXTICR3)

Address offseto 0x68

Reset valueo 0x0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | EXTI11[1:0] | Res | Res | Res | Res | Res | Res EXTI10[1:0]
RW RwW RW RW
15 14 13 12 11 10 9 8 7 5 4 3 2 1 0
Res | Res | Res | Res | Res | Res | EXTI9[1:0] Res | Res | Res | Res | Res | Res EXTI8[1:0]
RW RW RW RW
Bit Name R/W Reset Value Function
31:26 Reserved - - Reserved
EXTI11 corresponds to GPIO port selection.
26b00: PA[211] pin
25:24 EXTI11[1:0] RW 0 26b01: PB[11] pin
26b10: PC[11] pin
26b11: reserved
23:18 Reserved - - Reserved
EXTI10 corresponds to GPIO port selection.
26b00: PA[10] pin
17:16 EXTI10[1:0] RW 0 26b01: PB[10] pin
26b10: PC[10] pin
26b11: reserved
15:10 Reserved - - Reserved
EXTI9 corresponds to GPIO port selection.
26b00: PA[9] pin
9:8 EXTIO[1:0] RW 0 26b01: PB[9] pin
26b10: PC[9] pin
2 6 b PH9] pin
7:2 Reserved - - Reserved
EXTI8 corresponds to GPIO port selection.
26b00: PA[8] pin
1:0 EXTI8[1:0] RW 0 26b01: PB[8] pin
26b10: PC[8] pin
26b11: PF[ 8] pin
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13.3.8. External interrupt select register 4 (EXTI_EXTICR4)

Address offset:0x6C

Reset value:0x0000

31 30 29 28 27 26 25 24 23 22 21 19 18 17 16
Res | Res | Res | Res | Res | Res | EXTI15[1:0] | Res | Res | Res | Res | Res | Res EXTI14[1:0]
RW RwW RW RW

15 14 13 12 11 10 9 8 7 6 5 3 2 1 0

Res | Res | Res | Res | Res | Res | EXTI13[1:0] | Res | Res | Res | Res | Res | Res EXTI12[1:0]
RW RwW RW RW

Bit Name R/W Reset Value Function

31:26 Reserved - - Reserved
EXTI15 corresponds to GPIO port selection.
26b00: PA[15] pin

25:24 EXTI15[1:0] RW 0 26b01: PB[15] pin
26b10: PC[15] pin
206b11: reserved

23:18 Reserved - - Reserved
EXTI14 corresponds to GPIO port selection.
26b00: PA[14] pin

17:16 EXTI14[1:0] RW 0 26b01: PB[14] pin
26b10: PC[14] pin
20b11: reserved

15:10 Reserved - - Reserved
EXTI13 corresponds to GPIO port selection.
26b00: pRA[ 13]

9:8 EXTI13[1:0] RW 0 26b01: PB[13] pin
26b10: PC[13] pin
26b11: reserved

7:2 Reserved - - Reserved
EXTI12 corresponds to GPIO port selection.
26b00: PA[12] pin

1:0 EXTI12[1:0] RW 0 26b01: PB[12] pin
26b10: PC[12] pin
26b11: reserved

13.3.9. Interrupt mask register (EXTI_IMR)

Address offset:0x80

Reset value:0x2008 0000

The interrupt mask bit of the Direct type line is 1 by default, that is, the line is not masked, the mask

bit of the configurable line, the default is 0, that is, the line is masked.
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31

30

29

28

27

26

25

24

23

22

21

20

19

18

17

16

Res

Res

IM29

Res

Res

Res

Res

Res

Res

Res

Res

IM20

IM19

IM18

IM17

IM16

RW

RW

RW

RW

RW

RW

15

14

13

12

11

10

IM15

IM14

IM13

IM12

IM11

IM10

IM9

IM8

IM7

IM6

IM5

IM4

IM3

IM2

IM1

IMO

RW

RW

RW

RW

RW

RW

RW

RW

RW

RW

RW

RW

RW

RW

RW

RW

Bit

Name

R/W

Reset Value

Function

31:30

Reserved

29

IM29

RW

EXTI line29 is used as an interrupt to wake up
the CPU mask control.
0: interrupt wake-up mask

1: Interrupt wake-up is not masked

28:21

Reserved

20

IM20

RW

EXTI line20 is used as an interrupt to wake up
the CPU mask control.

0: interrupt wake-up mask

1: Interrupt wake-up is not masked

19

IM19

RW

EXTI linel9 is used as an interrupt to wake up
the CPU mask control.

0: interrupt wake-up mask

1: Interrupt wake-up is not masked

18

IM18

RW

EXTI linel8 is used as an interrupt to wake up
the CPU mask control.
0: interrupt wake-up mask

1: Interrupt wake-up is not masked

17

IM17

RW

EXTI linel7 is used as an interrupt to wake up
the CPU mask control.
0: interrupt wake-up mask

1: Interrupt wake-up is not masked

16

IM16

RW

EXTI linel6 is used as an interrupt to wake up
the CPU mask control.

0: interrupt wake-up mask

1: Interrupt wake-up is not masked

15

IM15

RW

EXTI linel5 is used as an interrupt to wake up
the CPU mask control.
0: interrupt wake-up mask

1: Interrupt wake-up is not masked

14

IM14

RW

EXTI linel4 is used as an interrupt to wake up
the CPU mask control.
0: interrupt wake-up mask

1: Interrupt wake-up is not masked

13

IM13

RwW

EXTI linel3 is used as an interrupt to wake up

the CPU mask control.

0: interrupt wake-up mask
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Bit Name R/W Reset Value Function

1: Interrupt wake-up is not masked

EXTI linel2 is used as an interrupt to wake up
the CPU mask control.

12 IM12 RW 0 .
0: interrupt wake-up mask

1: Interrupt wake-up is not masked

EXTI linell is used as an interrupt to wake up
the CPU mask control.

11 IM11 RW 0 )
0: interrupt wake-up mask

1: Interrupt wake-up is not masked

EXTI linel0 is used as an interrupt to wake up
the CPU mask control.

10 IM10 RW 0 )
0: interrupt wake-up mask

1: Interrupt wake-up is not masked

EXTI line9 is used as an interrupt to wake up the
CPU mask control.

9 IM9 RW 0 ,
0: interrupt wake-up mask

1: Interrupt wake-up is not masked

EXTI line8 is used as an interrupt to wake up the
CPU mask control.

8 IM8 RW 0 ,
0: interrupt wake-up mask

1: Interrupt wake-up is not masked

EXTI line7 is used as an interrupt to wake up the
CPU mask control.

7 IM7 RW 0 ,
0: interrupt wake-up mask

1: Interrupt wake-up is not masked

EXTI line6 is used as an interrupt to wake up the
CPU mask control.

6 IM6 RW 0 .
0: interrupt wake-up mask

1: Interrupt wake-up is not masked

EXTI line5 is used as an interrupt to wake up the
CPU mask control.

5 IM5 RW 0 .
0: interrupt wake-up mask

1: Interrupt wake-up is not masked

EXTI line4 is used as an interrupt to wake up the
CPU mask control.

4 IM4 RW 0 .
0: interrupt wake-up mask

1: Interrupt wake-up is not masked

EXTI line3 is used as an interrupt to wake up the
CPU mask control.

3 IM3 RW 0 ,
0: interrupt wake-up mask

1: Interrupt wake-up is not masked

EXTI line2 is used as an interrupt to wake up the

CPU mask control.
2 IM2 RW 0 ,
0: interrupt wake-up mask

1: Interrupt wake-up is not masked
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Bit Name R/W Reset Value Function

EXTI linel is used as an interrupt to wake up the

CPU mask control.

1 IM1 RW 0 )
0: interrupt wake-up mask
1: Interrupt wake-up is not masked
EXTI line0 is used as an interrupt to wake up the
CPU mask control.
0 IMO RW 0

0: interrupt wake-up mask

1: Interrupt wake-up is not masked

13.3.10. Event mask register (EXTI_EMR)
Address offset: 0x84

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res EM2 Res Res Res | Res | Ress | Res | Res | Res | EM2 | EM1 | EM1 | EM1 | EM1

9 0 9 8 7 6
RW RW RW RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EM1 | EM1 | EM1 | EM1 | EM1 | EM1 | EM | EM | EM | EM | EM | EM4 | EM3 | EM2 | EM1 | EMO
5 4 3 2 1 0 9 8 7 6 5

RW RW RW RW RW RW | RW | RW | RW [ RW | RW | RW RW RW RW RW

Bit Name R/W Reset Value Function
31:30 Reserved - - -

EXTI line29 wakes up the CPU mask control as
an event.

29 EM29 RW 0
0: Event wake-up mask

1: Event wakeup is not masked

28:21 Reserved - - -

EXTI line20 wakes up the CPU mask control as
an event.

20 EM20 RW 0
0: Event wake-up mask

1: Event wakeup is not masked

EXTI line19 wakes up the CPU mask control as
an event.

19 EM19 RwW 0
0: Event wake-up mask

1: Event wakeup is not masked

EXTI linel8 wakes up the CPU mask control as
an event.

18 EM18 RW 0
0: Event wake-up mask

1: Event wakeup is not masked

EXTI linel7 wakes up the CPU mask control as
17 EM17 RwW 0 an event.

0: Event wake-up mask
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Bit Name R/W Reset Value Function

1: Event wakeup is not masked

EXTI linel6 wakes up the CPU mask control as
an event.

16 EM16 RW 0
0: Event wake-up mask

1: Event wakeup is hot masked

EXTI linel5 wakes up the CPU mask control as
an event.

15 EM15 RW 0
0: Event wake-up mask

1: Event wakeup is not masked

EXTI linel4 wakes up the CPU mask control as
an event.

14 EM14 RW 0
0: Event wake-up mask

1: Event wakeup is not masked

EXTI linel3 wakes up the CPU mask control as
an event.

13 EM13 RW 0
0: Event wake-up mask

1: Event wakeup is not masked

EXTI line12 wakes up the CPU mask control as
an event.

12 EM12 RwW 0
0: Event wake-up mask

1: Event wakeup is not masked

EXTI linell wakes up the CPU mask control as
an event.

11 EM11 RwW 0
0: Event wake-up mask

1: Event wakeup is not masked

EXTI linel0 wakes up the CPU mask control as
an event.

10 EM10 RW 0
0: Event wake-up mask

1: Event wakeup is not masked

EXTI line9 wakes up the CPU mask control as
an event.

9 EM9 RW 0
0: Event wake-up mask

1: Event wakeup is not masked

EXTI line8 wakes up the CPU mask control as
an event.

8 EM8 RW 0
0: Event wake-up mask

1: Event wakeup is not masked

EXTI line7 wakes up the CPU mask control as
an event.

7 EM7 RW 0
0: Event wake-up mask

1: Event wakeup is not masked

EXTI line6 wakes up the CPU mask control as

an event.
6 EM6 RW 0
0: Event wake-up mask

1: Event wakeup is not masked
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Bit Name R/W Reset Value Function

EXTI line5 wakes up the CPU mask control as
an event.

5 EM5 RW 0
0: Event wake-up mask

1: Event wakeup is hot masked

EXTI line4 wakes up the CPU mask control as
an event.

4 EM4 RW 0
0: Event wake-up mask

1: Event wakeup is not masked

EXTI line3 wakes up the CPU mask control as
an event.

3 EM3 RW 0
0: Event wake-up mask

1: Event wakeup is not masked

EXTI line2 wakes up the CPU mask control as
an event.

2 EM2 RW 0
0: Event wake-up mask

1: Event wakeup is not masked

EXTI linel wakes up the CPU mask control as
an event.

1 EM1 RW 0
0: Event wake-up mask

1: Event wakeup is not masked

EXTI line0 wakes up the CPU mask control as
an event.

0 EMO RW 0
0: Event wake-up mask

1: Event wakeup is not masked

13.3.11. EXTI register map
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14.Cyclic redundancy check calculation unit (CRC)
14.1. Introduction

According to the generator polynomial, the CRC calculation unit will operate the input 32-bit data to

generate a CRC result.

14.2. CRC main features

A Uses CRC-32 (Ethernet) polynomial: 0x4C11DB7

- X32 + X26 + X23 +X22 +X16 + X12 + Xll + XlO +X8 + X7 + X5 + X4 + X2 + X +1

A Support 32-bit data input

A Asingle input/output 32 data and result output share one register

A 8-bit register for general purpose (can be used as temporary storage)
A

Computation time: 4 AHB clocks for 32 bits data

14.3. CRC functional description

14.3.1. CRC block diagram

< ;ibit AHB?S} >

{/lzz-bit(read access)
crc_hclk

— Data register(Output)

i

CRC computation

32-bit(write access) {} {}

Data register(Input)

F i g d #@1eCRC calculation unit block diagram

The CRC calculation unit contains a 32-bit data register:

A When writing to this register, as an input register, new data to be calculated by CRC can be input.

A When the register is read, the result of the last CRC calculation is returned.
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Each time a data register is written, the result of the calculation is the combination of the previous

CRC calculation and the new calculation (CRC is calculated on the entire 32-bit word, not byte by

byte).

Supports configuration of CRC initial values.

The register CRC_DR can be reset to OxFFFF FFFF by setting the RESET bit of the register

CRC_CR. This operation does not affect the data in register CRC_IDR.

14.4. CRC regqisters
14.4.1. Data register (CRC_DR)
Address offset:0x00

Reset value:0OxFFFF FFFF

31 ‘30 ‘29 |28 |27 ‘26 ‘25 ‘24 ‘23 ‘22 |21 ‘20 ‘19 ‘18 ‘17 |16

DR[31:16]
RW
15‘14‘13'12 |11 ‘10 ‘9 ‘8 ‘7 ‘6 |5 ‘4 ‘3 ’2 ‘1 |0
DR[15:0]
RW
Bit Name R/W Reset Value Function
data register.
310 DR RW Y - When writing new data, it is used as an input regis-
ter. When read, the previous CRC calculation result
is retained.

14.4.2. Independent data register (CRC_IDR)
Address offset:0x04

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | Res | Res | Res | Res | Res | Res IDR[7:0]
RW

Bit Name R/W Reset Value Function

31:8 Reserved RES - Reserved

7:0 IDR[7:0] RW 0 General-purpose 8-bit data register bits.
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Bit

Name

R/W

Reset Value

Function

can store any data.

CRC_CR has no effect on this register.

Can be used to temporarily store 1 byte of data.
The CRC reset generated by the RESET bit of register

Note: This register is not involved in CRC calculation and

14.4.3. Control register (CRC_CR)

Address offset:0x08

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res Res | Res | RE-
SET
w
Bit Name R/W Reset Value Function
31:1 Reserved RES - Reserved
A software reset will reset the CRC module and the data
register will be loaded with the value of the CRC_INIT reg-
0 RESET W 0 N ) )
ister. The software can only write 1 and is cleared by hard-
ware.
14.4.4. CRC register map
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f
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15.

15.1.

15.2.

Digital-to-analog converter (DAC)

DAC introduction

The digital/analog converter module (DAC) is a 12-bit digital input, voltage output digital/analog con-

verter. The DAC can be configured in 8-bit or 12-bit mode, or it can be used with a DMA controller.

When the DAC is operating in 12-bit mode, the data can be set to either left-aligned or right-aligned.

The DAC module has 2 output channels, each with a separate converter. In dual DAC mode, the 2

channels can be converted independently, or they can be converted simultaneously and the outputs

of the 2 channels can be updated synchronously. The DAC can input the reference voltage VREF+

through the pins to obtain more accurate conversion results.

DAC main features

A

A

2 DAC converters: each converter corresponds to 1 output channel,
Left- or right-aligned data in 12-bit mode;

Synchronous update function;

Noise waveform generation;

Triangular waveform generation;

simultaneous or separate conversion of the dual DAC channels;
DMA function for each channel;

support for DMA underflow error detection;

External trigger conversion;

Input reference voltage Vrer+)

The block diagram of a single DAC channel is shown below
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DAC control register

TSELY2:0] ]

SWTRIGX
TIM6_TRGO————————
TIM3 TRGO—————
TIM7_TRGO

TIM15_ TRGO——————
TIM2_ TRGO———————

election
DMAENX

rigger s

EXTI, QET
L
DMA Reques
_
1 TENX
- Control Logic V.
WAVEX[1:0]

12bits

BOFFx

DORx

N-_12bits

V

Vssa - DAC_OUTx
Digital to Analog Converters ]
VrEr+

F i g a BleBlock diagram of DAC channels

Table 15-1 DAC Pins

Name Model Type Description
VbpA Input, Analog Power Analog Power
Vssa Input, Analog Power Ground Analog Power Ground
- DAC positive reference voltage.
VREF+ Input, analog positive reference voltage -
2.6 Wer+O oWA
DAC_OUTx Analog output signal DACx analog output

15.3.

15.3.1.

Note: Before enabling the DAC module, the GPIO ports (PA4 corresponds to DAC channel 1 and

PA5 corresponds to DAC channel 2) should be configured to analog mode.

DAC Function Description

Using DAC channels

The power supply to DAC channel x is turned on by setting the ENx position '1' of the DAC_CR reg-
ister. After a start-up time of tWAKEUP, DAC channel x is enabled.

Note: The ENXx bit will only enable the analog portion of DAC channel x. Even if this bit is set to '0',
the digital portion of DAC channel x will still work.
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15.3.2. Using DAC output cache

15.3.3.

The DAC has two integrated output caches that can be used to reduce the output impedance and

drive external loads directly without external op-amps. Each DAC channel output buffer can be ena-

bled or disabled by setting the BOFFx bit of the DAC_CR register.

DAC data format

Depending on the selected configuration mode, data is written to the specified registers as described

below:

A

A

>

>

Single DAC channel x, with 3 cases:

8-bit data right-aligned: The user must write the data to the register DAC_DHR8RXx[7:0] bits (ac-

tually it is stored in the register DHRx[11:4] bits)

12-bit data left-aligned: the user must write the data to the register DAC_DHR12L x[15:4] (actu-

ally it is stored in the register DHRx[11:0])

12-bit data right-aligned: the user must write the data to the register DAC_DHR12Rx[11:0] bits

(actually it is stored in the register DHRx[11:0] bits)

According to the operation of the DAC_DHRYyyyx register, the written data is dumped into the DHRx

register after the corresponding shift (DHRX is the internal data retention register x). Subsequently,

the contents of the DHRX register are transferred to the DORX register either automatically or by soft-

ware trigger or external event trigger.

31 24 15 7 0

8-bit data right-aligned
12-bit data left-aligned

12-bit data right-aligned

Fi gulr52Dat a register for single DAC channel

Dual DAC channels, with 3 cases:

1)

8-bit data right-aligned: Users must write DAC channel 1 data to register
DAC_DHRS8RDI[7:0] bits (actually stored in register DHR1[11:4] bits) and write DAC chan-

nel 2 data to register DAC_DHR8RD[15:8] bits (actually stored in register DHR2[11:4] bits).
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2) 12-bit data left-aligned: users must write DAC channel 1 data to register
DAC_DHR12LD[15:4] bits (actually stored in register DHR1[11:0] bits) and write DAC chan-
nel 2 data to register DAC_DHR12LD[31:20] bits (actually stored in register DHR2[11:0]
bits)

3) 12-bit data right-aligned: Users must write DAC channel 1 data to register
DAC_DHR12RDJ[11:0] bits (actually stored in register DHR1[11:0] bits), and write DAC
channel 2 data to register DAC_DHR12RD[27:16] bits (actually stored in register
DHR2[11:0] bits).

According to the operation of the DAC_DHRYyyyD register, the written data is transferred to the DHR1
and DHR2 registers after the corresponding shift (DHR1 and DHR2 are the internal data storage reg-
isters x). Subsequently, the contents of DHR1 and DHR2 are either automatically transferred to the

DORX registers, or triggered by software or external events.

31 24 15 7 0

8-bit data right-aligned
12-bit data left-aligned

12-bit data right-alignec

Fi gulrsaDat a register for dual DAC channel mo

15.3.4. DAC conversion

Data cannot be written directly to register DAC_DORX. Any data output to DAC channel x must be

written to the DAC_DHRX register (the data is actually written to the DAC_DHR8Rx, DAC_DHR12LXx,

DAC_DHR12Rx, DAC_DHR8RD, DAC_DHR12LD, or DAC_DHR12RD registers).

If hardware trigger is not selected (TENXx position '0" of register DAC_CRX), the data stored in register

DAC_DHRx will be automatically passed to register DAC_DORXx after 1 APB clock cycle. '1"), the

data transfer is completed after 3 APB clock cycles after the trigger occurs.

Once the data is loaded from the DAC_DHRX register into the DAC_DORX register, the output is

valid after the time tSETTLING, the length of which varies depending on the supply voltage and the

analog output load.
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1 2 3 4 5 6 7 2

APB1_CLK 1 1 1 1 1 1 1 1

pHR 0xABC

pos i 0xABC

Fi gulr®¢ TEN=0 i s the time block diagram of the

15.3.5. DAC output voltage

The digital input is linearly converted by the DAC to an analog voltage output in the range of O to

VREF+.

The output voltage on any DAC channel pin satisfies the following relationship:

DAC output = Vrer X (DOR / 4096)
15.3.6. Selecting DAC Trigger

If the TENX bit is set to 1, the DAC conversion can be triggered by an external event (timer counter,

external interrupt line). The configuration control bits TSELx[2:0] can select one of seven trigger

events to trigger the DAC conversion.

Tabll&External Trigger

Trigger source Type TSELX[2:0]
Timer 6 TRGO Events 000
Timer 3 TRGO Events 001
Timer 7 TRGO Events 010
T 1E TRGO Herd Internal signal from on-chip timer o1
Timer 2 TRGO Events 100
Reserved 101
EXTI Line 9 External Pins 110
SWTRIG (Software Triggered) Software control bits 111

Each time the DAC interface detects a rising edge from the selected timer TRGO or external interrupt
line 9, the data recently stored in register DAC_DHRXx is transferred to register DAC_DORXx. After 3
APB clock cycles, register DAC_DORX is updated to the new value.

If software trigger is selected, the conversion starts as soon as SWTRIG position '1' is set. After the
data is transferred from the DAC_DHRXx register to the DAC_DORX register, the SWTRIG bit is auto-
matically cleared '0' by hardware.

Note: 1. The TSELXx[2:0] bits cannot be changed again when ENx is '1'.
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15.3.7.

15.3.7.1.

15.3.7.2.

15.3.8.

2. If software trigger is selected, data transfer from register DAC_DHRX to register
DAC_DORXx takes only 1 APB clock cycle.
3. The frequency of Trigger trigger cannot exceed 1M.

DMA function

DMA Request

Either DAC channel has DMA function. The 2 DMA channels can be used for DMA requests for each
of the 2 DAC channels.

If DMAENX position '1', once an external trigger (not a software trigger) occurs, a DMA request is
generated after 3 clock cycles, and then the data in the DAC_DHRX register is transferred to the
DAC_DORX register.

In dual DAC mode (i.e. using DAC_DHR12RD or DAC_DHR12LD or DAC_DHRS8RD registers), only

one bit in DMAENX should be set.

DMA underflow detection

The DAC's DMA request has no buffer queue, so if the second external trigger arrives before the an-
swer to the first external trigger (first request) is received, no new DMA request will be issued and the
DMA underflow flag DMAUDRX in the DAC_SR register will be set to "1", reporting an error condi-
tion . The DAC channel continues to convert old data.

The software should clear the DMAUDRX flag by writing a "1", clear the DMAEN bit of the DMA
channel used, and reinitialize the DMA and DAC channels to properly restart the DMA transfer. The
software should also modify the DAC trigger transition frequency or reduce the DMA workload to
avoid another DMA underflow condition. Finally, the DAC conversion can be continued by enabling
the DMA channels and configuring external triggering.

For each DAC channel, an interrupt will be generated if the corresponding DMAUDRIEX bit in the
DAC_CR register is enabled.

Noise Generation

249913



PY32F07X Reference Manual

The Linear Feedback Shift Register LFSR can be used to generate pseudo-noise with varying ampli-
tude. The DAC noise generation function is selected by setting the WAVE[1:0] bits to '01". The regis-
ter LFSR is preloaded with a value of OXAAA. The value of this register is updated after 3 APB clock

cycles after each trigger event according to a specific algorithm.

Fi gursBDAC LFSR register algorithm
Setting the MAMPX([3:0] bits of the DAC_CR register can mask some or all of the LFSR data, so that
the value of LFSR obtained is added to the value of DAC_DHRX. If the value obtained has overflow,
the maximum value that the register can keep is written to DAC_DORYX, and if the value obtained
does not have overflow, the value is written to DAC_DORX .
If the register LFSR value is 0x000, a ‘1" will be injected (anti-lock mechanism).

Setting WAVEX[1:0] location '0' can reset the generation algorithm of LFSR waveform.

1 2 3 4 5 6 7 g 9 10 11 12 13 14 15 16 17 18 19 20 21 22

-\PBLCLKffffffffffffffffffffff

DHR 0x000

por O0xAAA 0xD55

SWTRIG ,—| ,—|

Fi gulrs8DAC conversion with LFSR waveform generation

12 3 4 5 & 7 8 3 10 M1 12 13 14 15 18 17 18 19 20 U 2
APBI_CLK + f f f f f f f f f f f f f f f f f f f f f
DER 0x000

DOR O0xAAA 0xD55

TIM_TRGO

Figas7eDAC conversion with LFSR waveform generation
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1. In order to generate noise, the DAC trigger must be enabled, i.e., set the TENX bit of the
DAC_CR register to '1';

2. If the value of DHR is changed, the value of LFSR register will be reset to 0XAAA;
3. If TENx drops from "1" to "0", the value of LFSR register will also be reset to OXAAA.

15.3.9. Triangular wave generation
A small amplitude triangle wave can be added to the DC or slowly changing signal. Set the
WAVEX[1:0] bits to "10" to select the triangle generation function of the DAC. Set the MAMPX[3:0]
bits of the DAC_CR register to select the amplitude of the triangle waveform. The internal triangular
wave counter accumulates 1 after 3 APB clock cycles after each trigger event, and the counter value
is added to the DAC_DHRX register and the overflow bit is discarded and the DAC_DORKX register is
written. The delta counter is gradually accumulated when the value passed into the DAC_DORX reg-
ister is less than the maximum amplitude defined by the MAMP[3:0] bits. Once the set maximum am-
plitude is reached, the counter starts to decrement, reaches 0 and then starts to accumulate again,
and so on and so forth.
Setting WAVEX[1:0] position '0' can reset the generation of triangle waveform.
Note: When the base value is the maximum value of register DAC_DORYX, the output of DAC_DORX

will be its maximum value regardless of the value of MAMPX.

A

MAMPX [3:0] Maximum
+DAC_DHRx Base Value

Decreasing

DAC_DHRx Base Value

[
»

Fi gulrs8DAC del ta wave generation
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1 2 3 4 5 [ 7 8 9 10 11 1z 13 14 15 16 17 18 19 20 21 22

APE17CLK+fffffffffffffffffffff

DHR 0xABC
DOR 0xABC 0xABD
SWTRIG |—| ’—|

Fi gulrseDAC conversion with delta generation (enabl

UBI‘CLKffffffffffffffffffffff

DER 0xABC
DoR 0xABC 0xABD
TIM_TRGO ,—| ,—|

Fi gulr5s¢ DAC conversigenerahidael {anable hardware tr
1. The DAC trigger must be enabled in order to generate a delta wave, i.e. set the TENXx bit of the
DAC_CR register to '1';

2. The MAMP[3:0] bits must be set prior to enabling the DAC, otherwise their value cannot be

modified;
3. If the value of the DHR is changed, the delta counter is reset to O
4. If TENx drops from "1" to "0", the triangle counter is also reset to 0.

15.3.10. Dual DAC channel conversion
To make more efficient use of the bus bandwidth when two DACs are required to operate simul-
taneously, the DAC incorporates three registers for dual DAC mode: DHR8RD, DHR12RD and
DHR12LD, so that only one register can be accessed to drive two DAC channels simultane-
ously.
For dual DAC channel conversion and these dedicated registers, a total of 11 conversion modes
are available. These conversion modes can still be operated via a separate DHRXx register when
only one DAC channel is used.

All modes are detailed in the following sections.

252913



PY32F07X Reference Manual

15.3.10.1.

15.3.10.2.

Not using a waveform generator
Set the DAC to operate in this conversion mode in the following order:

A Setting the trigger enable bits TEN1 and TEN2 to '1' for each of the 2 DAC channels re-

spectively;

A Configure different trigger sources for each of the 2 DAC channels by setting the
TSEL1[2:0] and TSELZ2[2:0] bits to different values;

A Load the dual DAC channel conversion data into the required DHR registers (DHR12RD,

DHR12LD or DHR8RD).
When a DAC channel 1 trigger event occurs, (after a delay of 3 APB clock cycles) the value of
register DHRL1 is passed to register DAC_DOR1.
When a DAC channel 2 trigger event occurs, (after a delay of 3 APB clock cycles) the value of

register DHR2 is passed to register DAC_DORZ2.

Independent triggering using the same LFSR

Set the DAC to operate in this conversion mode in the following order:

A Setting the trigger enable bits TEN1 and TEN2 to '1' for each of the 2 DAC channels re-
spectively;

A Configure different trigger sources for each of the 2 DAC channels by setting the
TSEL1[2:0] and TSEL2[2:0] bits to different values;

A setting the WAVEX[1:0] bits of the 2 DAC channels to "01" and setting MAMPXx[3:0] to the
same LFSR mask value;

A Load the dual DAC channel conversion data into the required DHR registers (DHR12RD,

DHR12LD or DHR8RD).
When a DAC channel 1 trigger event occurs, the LFSR1 counter value with the same mask is
added to the DHR1 register value (after a delay of 3 APB clock cycles) and the result is passed
to register DAC_DOR1, which then updates the LFSR1 counter. When a DAC channel 2 trigger

event occurs, the LFSR2 counter value with the same mask is added to the DHR2 register value
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15.3.10.3.

15.3.10.4.

and (after a delay of 3 APB clock cycles) the result is passed to the DAC_DOR2 register and the

LFSR2 counter is updated.

Independent triggering using different LFSR's
Set the DAC to operate in this conversion mode in the following order:

A Setting the trigger enable bits TEN1 and TEN2 to '1' for each of the 2 DAC channels re-

spectively;

A Configure different trigger sources for each of the 2 DAC channels by setting the
TSEL1[2:0] and TSEL2[2:0] bits to different values;

A setting the WAVEX[1:0] bits of the 2 DAC channels to "01" and setting MAMPx[3:0] to differ-
ent LFSR mask values;

A Load the dual DAC channel conversion data into the required DHR registers (DHR12RD,

DHR12LD or DHR8RD).
When a DAC channel 1 trigger event occurs, the LESR1 counter value masked according to
MAMP1[3:0] is added to the DHR1 register value, (after a delay of 3 APB clock cycles) and the
result is passed to register DAC_DOR1, then the LFSR1 counter is updated. When a DAC
channel 2 trigger event occurs, the LFSR2 counter value, masked according to MAMP2[3:0], is
added to the DHR2 register value and (after a delay of 3 APB clock cycles) the result is passed

to the DAC_DOR2 register and then the LFSR2 counter is updated.

Independent triggering to generate identical triangular waves
Set the DAC to operate in this conversion mode in the following order:

A Setting the trigger enable bits TEN1 and TEN2 to '1' for each of the 2 DAC channels re-

spectively;

A Configure different trigger sources for each of the 2 DAC channels by setting the
TSEL1[2:0] and TSELZ2[2:0] bits to different values;

A setting the WAVEX[1:0] bits of the 2 DAC channels to "1x" and setting MAMPXx[3:0] to the

same delta amplitude;
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15.3.10.5.

15.3.10.6.

A Load the dual DAC channel conversion data into the required DHR registers (DHR12RD,
DHR12LD or DHR8RD).

When a DAC channel 1 trigger event occurs, the same delta amplitude value is added to the

DHRL1 register and (after a delay of 3 APB clock cycles) the result is passed to the DAC_DOR1

register and the DAC channel 1 delta counter is updated. When a DAC channel 2 trigger event

occurs, the same delta amplitude value is added to the DHR2 register (after a delay of 3 APB

clock cycles) and the result is passed to the DAC_DOR?2 register, which then updates the DAC

channel 2 delta counter.

Independent triggering for generating different triangular waves
Set the DAC to operate in this conversion mode in the following order:

A Setting the trigger enable bits TEN1 and TEN2 to '1' for each of the 2 DAC channels re-

spectively;

A Configure different trigger sources for each of the 2 DAC channels by setting the
TSEL1[2:0] and TSELZ2[2:0] bits to different values;

A setting the WAVEX[1:0] bits of the 2 DAC channels to "1x" and setting MAMPXx[3:0] to the
same delta amplitude;

A Load the dual DAC channel conversion data into the required DHR registers (DHR12RD,

DHR12LD or DHR8RD).
When a DAC channel 1 trigger event occurs, the same delta amplitude value is added to the
DHR1 register and (after a delay of 3 APB clock cycles) the result is passed to the DAC_DORL1
register and the DAC channel 1 delta counter is updated. When a DAC channel 2 trigger event
occurs, the same delta amplitude value is added to the DHR2 register (after a delay of 3 APB
clock cycles) and the result is passed to the DAC_DORZ2 register, which then updates the DAC

channel 2 delta counter.

Simultaneous software start

Follow the procedure below to set the DAC to operate in this conversion mode:
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15.3.10.7.

15.3.10.8.

A

Load the dual DAC channel conversion data into the required DHR register (DHR12RD,

DHR12LD or DHR8RD).

In this configuration, the values of the DHR1 and DHR?2 registers are passed into the

DAC_DOR1 and DAC_DOR?2 registers respectively after one APB clock cycle.

Simultaneous triggering without waveform generator

Set the DAC to operate in this conversion mode in the following order:

A

>

>

Setting the trigger enable bits TEN1 and TEN2 to '1' for each of the 2 DAC channels re-

spectively;

Configure the 2 DAC channels to use the same trigger source by setting the TSEL1[2:0]
and TSELZ2[2:0] bits to the same value, respectively;

Load the dual DAC channel conversion data into the required DHR registers (DHR12RD,

DHR12LD or DHR8RD).

When a trigger event occurs, (after a delay of 3 APB clock cycles) the values of the DHR1 and

DHR2 registers are passed to the DAC_DOR1 and DAC_DOR?2 registers respectively.

Simultaneous triggering using the same LFSR

Set the DAC to operate in this conversion mode in the following order:

A

>

>

>

Setting the trigger enable bits TEN1 and TENZ2 to '1' for each of the 2 DAC channels re-
spectively;

Configure the 2 DAC channels to use the same trigger source by setting the TSEL1[2:0]
and TSELZ2[2:0] bits to the same value, respectively;

setting the WAVEX[1:0] bits of the 2 DAC channels to "01" and setting MAMPXx[3:0] to the
same LFSR mask value;

Load the dual DAC channel conversion data into the required DHR registers (DHR12RD,

DHR12LD or DHR8RD);
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When a trigger event occurs, the LFSR1 counter value set by MAMP1[3:0] is added to the value
in the DHR1 register and (after a delay of 3 APB clock cycles) the result is passed to the
DAC_DOR1 register, which then updates the LFSR1 counter.

Similarly, the LFSR2 counter value set by MAMP1[3:0] is added to the DHR2 register (after a
delay of 3 APB clock cycles) and the result is passed to the DAC_DOR?2 register, which then

updates the LFSR2 counter.

15.3.10.9. Simultaneous triggering using different LFSRs

Set the DAC to operate in this conversion mode in the following order:

A Setting the trigger enable bits TEN1 and TEN2 to '1' for each of the 2 DAC channels re-
spectively;

A Configure the 2 DAC channels to use the same trigger source by setting the TSEL1[2:0]
and TSELZ2[2:0] bits to the same value, respectively;

A setting the WAVEX[1:0] bits of the 2 DAC channels to "01" and setting MAMPx[3:0] to differ-
ent LFSR mask values;

A Load the dual DAC channel conversion data into the required DHR registers (DHR12RD,

DHR12LD or DHR8RD).
When a trigger event occurs, the LFSR1 counter value with the same mask is added to the
DHR1 register value and (after a delay of 3 APB clock cycles) the result is passed to register
DAC_DOR1, which then updates the LFSR1 counter.
At the same time, the LFSR2 counter value with the same mask is added to the DHR2 register
value and (after a delay of 3 APB clock cycles) the result is passed to the DAC_DOR?2 register

and the LFSR2 counter is updated.

15.3.10.10. Simultaneous triggering using the same triangle wave generator
Set the DAC to operate in this conversion mode in the following order:

A Set the trigger enable bits TEN1 and TEN2 to '1' for each of the 2 DAC channels:
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p)

Configure each of the 2 DAC channels to use the same trigger source by setting the

TSEL1[2:0] and TSEL2[2:0] bits to the same value.

>

Set the WAVEX[1:0] bits of both DAC channels to "1x" and set MAMPX[3:0] to the same

delta amplitude.

>

Load the dual DAC channel conversion data into the required DHR registers
(DHR12RD, DHR12LD or DHR8RD).

When a trigger event occurs, the same delta amplitude is added to the DHR1 register (after
a delay of 3 APB clock cycles) and the result is passed to the DAC_DORL1 register, which
then updates the delta counter.

At the same time, the same delta wave amplitude is added to the DHR2 register (after a
delay of 3 APB clock cycles) and the result is passed to the DAC_DOR?2 register, which

then updates the delta wave counter.

15.3.10.11. Simultaneous triggering using different triangle wave generators
Set the DAC to operate in this conversion mode in the following order:
A Setthe trigger enable bits TEN1 and TEN2 to '1' for each of the 2 DAC channels:
A Configure each of the 2 DAC channels to use the same trigger source by setting the

TSEL1[2:0] and TSEL2[2:0] bits to the same value.

A Setthe WAVEX[1:0] bits of the 2 DAC channels to "1x" and set MAMPXx[3:0] to differ-
ent delta amplitude values.
A Load the dual DAC channel conversion data into the required DHR registers

(DHR12RD, DHR12LD or DHR8RD).
When a trigger event occurs, the triangle amplitude value set by MAMP1[3:0] is added to
the DHR1 register (after a delay of 3 APB clock cycles) and the result is passed to the
DAC_DORI1 register, which then updates the triangle counter.
At the same time, the triangle amplitude value set by MAMP2[3:0] is added to the DHR2
register (after a delay of 3 APB clock cycles) and the result is passed to the DAC_DOR?2

register, which then updates the triangle counter.
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15.3.11. DAC output clock

DAC output clock (DAC_CLK) is the analog side of the sampling DAC_DOR data clock, the
clock is only valid when DAC_ENXx is "1". When hardware trigger is selected, set "1" for 5 APB
cycles after the rising edge of the hardware trigger is detected, and clear 0 after holding 3 APB
cycles; when software trigger is selected, set "1" for 3 APB cycles after the rising edge of the
software trigger is detected When software trigger is selected, set "1" for the 3 APB cycles after
the rising edge of the software trigger is detected, and clear O after holding for 3 APB cycles;
when no trigger is selected, set "1" for the 2 APB cycles after the data change is detected, and
clear O after holding for 3 APB cycles.
Note: When TEN is lowered from "1" to "0" for 1 APB cycle, the data in DAC_DOR is updated to
the data in the DAC_DHR register. If the data in the DAC_DHR register has been updated, a
DAC_CLK will be generated when DAC_DOR is updated to the value of DAC_DHR; conversely,
no DAC_CLK will be generated.

15.4. DAC register

These peripheral registers must be operated in a word (32-bit) manner.

15.4.1. DAC Control Register (DAC_CR)
Address offset:0x00

Reset value:0x0000 0000

31 30 29 28 27 ‘ 26 ‘ 25 ‘ 24 23 22 21 | 20 | 19 18 17 16
DA
DMAU DMA WAVEZ2[1:0 TEN BO
Res | CC MAMP2[3:0] TSEL2[2:0] EN2
DRIE2 EN2 ] 2 FF2
EN2
RW RW RW RW RW RW RW RW RW
15 14 13 12 11 ‘ 10 ‘ 9 ‘ 8 7 6 5 ‘ 4 ‘ 3 2 1 0
DA
DMAU DMA WAVE1[1:0 TEN BO
Res | CC MAMP1[3:0] TSEL1[2:0] EN1
DRIE1 EN1 ] 1 FF1
EN1
RW | RW RW RW RW RW RW RW RW
Bit Name R/W Reset Value Function
31 Reserved - 0 -
30 DACEN2 RW 0 DAC channel 2 internal interconnect enable.
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0: output via 10;
1: internal interconnect to COMP/ADC

29

DMAUDRIE2

RW

DAC channel 2 DMA underflow interrupt enable

This bit is set and cleared by software.

0: does not enable the DAC channel 2 DMA underflow
interrupt;

1: Enables the DAC channel 2 DMA underflow interrupt.

28

DMAEN2

RW

DAC channel2 DMA enable (DAC channel2 DMA ena-
ble)

This bit is set and cleared by software.

0: disables the DAC channel2 DMA mode;

1: Enables DAC channel2 DMA mode.

27:24

MAMP2[3:0]

RW

DAC channel2 mask/amplitude selector

These bits are set by software to select the mask bit in
noise generation mode and to select the amplitude of
the waveform in triangle generation mode.

0000: no mask LSFR bit 0/amplitude of delta waveform
equal to 1;

0001: non-masked LSFR bits [1:0]/triangle wave ampli-
tude equal to 3;

0010: unmasked LSFR bits [2:0]/triangle wave amplitude
equal to 7;

0011: unmasked LSFR bits [3:0]/triangle wave amplitude
equal to 15;

0100: unmasked LSFR bits [4:0]/triangle wave amplitude
equal to 31;

0101: unmasked LSFR bits [5:0]/triangle wave amplitude
equal to 63;

0110: unmasked LSFR bits [6:0]/triangle wave amplitude
equal to 127,

0111: unmasked LSFR bits [7:0]/triangle wave amplitude
equal to 255;

1000: unmasked LSFR bits [8:0]/triangle amplitude
equal to 511,

1001: unmasked LSFR bits [9:0]/triangle wave amplitude
equal to 1023;

1010: unmasked LSFR bits [10:0]/triangle amplitude
equal to 2047,

01011: unmasked /tiaBdfeRvavb anpls
tude equal to 4095;

23:22

WAVE2[1:0]

RW

DAC channel2 noise/triangle wave generation enable
The 2 bits are set and cleared by software.

00: disables the waveform generator;

01: enables the noise waveform generator;

1x: enables the triangle wave generation.

21:19

TSEL2[2:0]

RW

DAC channel?2 trigger selection
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These 3 bhits are used to select the external trigger event
for DAC channel 2.

000: TIM6 TRGO event;

001: TIM3 TRGO event;

010: TIM7 TRGO event;

011: TIM15 TRGO event;

100: TIM2 TRGO event;

101: Reserved;

110: External interrupt line 9;

111: software trigger.

Note: These 3 bits can only be used when TEN2 = 1
(DAC channel 2 trigger enable).

18

TEN2

RW

DAC channel?2 trigger enable

This bhit is set and cleared by software to enable/disable
the DAC channel2 trigger.

0: disable DAC channel?2 trigger, the data written to
DAC_DHRXx register will be transferred to DAC_DOR2
register after 1 APB clock cycle;

1: Enable DAC channel 2 triggering, the data written to
DAC_DHRXx register is transferred to DAC_DOR2 regis-
ter after 3 APB clock cycles.

Note:If software triggering is selected, data written to
register DAC_DHRXx is passed into register DAC_DOR?2
after only one APB always cycle.

17

BOFF2

RW

DAC channel2 output buffer disable

This bit is set and cleared by software and is used to en-
able/disable the DAC channel 2 output buffer.

0:enable the DAC channel2 output buffer;

1:Disable DAC channel2 output buffer.

16

EN2

RW

DAC channel2 enable

This bit is set and cleared by software and is used to en-
able/disable DAC channel 2.

O:disables DAC channel 2;

1:enable DAC channel2;

15

Reserved

14

DACEN1

RW

DAC channel 1 internal interconnect enable.
0: output via 10;
1: internal interconnect to COMP/ADC

13

DMAUDRIE1

RW

DAC channel 1 DMA underflow interrupt enable

This bit is set and cleared by software.

0: does not enable the DAC channel 1 DMA underflow
interrupt;

1: Enable DAC channel 1 DMA underflow interrupt

12

DMAEN1

RW

DAC channell DMA enable (DAC channell DMA ena-
ble)

This bit is set and cleared by software.
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0: disables the DAC channell DMA mode;
1: Enables DAC channell DMA mode.

11:8

MAMP1[3:0]

RW

DAC channell mask/amplitude selector (DAC channell
mask/amplitude selector)

These bits are set by software to select the mask bit in
noise generation mode and the amplitude value of the
waveform in triangle generation mode.

0000: no mask LSFR bit 0/amplitude of delta waveform
equal to 1;

0001: non-masked LSFR bits [1:0]/triangle wave ampli-
tude equal to 3;

0010: unmasked LSFR bits [2:0]/triangle wave amplitude
equal to 7;

0011: unmasked LSFR bits [3:0]/triangle wave amplitude
equal to 15;

0100: unmasked LSFR bits [4:0]/triangle wave amplitude
equal to 31;

0101: unmasked LSFR bits [5:0]/triangle wave amplitude
equal to 63;

0110: unmasked LSFR bits [6:0]/triangle wave amplitude
equal to 127;

0111: unmasked LSFR bits [7:0]/triangle wave amplitude
equal to 255;

1000: unmasked LSFR bits [8:0]/triangle amplitude
equal to 511;

1001: unmasked LSFR bits [9:0]/triangle wave amplitude
equal to 1023;

1010: unmasked LSFR bits [10:0]/triangle amplitude
equal to 2047,

01011: unmasked LSFR bits
tude equal to 4095;

7:6

WAVE1[1:0]

RW

DAC channell noise/triangle wave generation enable
These 2 bits are set and cleared by software.
00:disables the waveform generator;

01:enable the noise waveform generator;

1x:Enable triangle wave generation.

5:3

TSEL1[2:0]

RW

DAC channell trigger selection

These 3 bits are used to select the external trigger event
for DAC channel 1.

000: TIM6 TRGO event;

001: TIM3 TRGO event;

010: TIM7 TRGO event;

011: TIM15 TRGO event;

100: TIM2 TRGO event;

101: Reserved,;

110: External interrupt line 9;
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111: software trigger.
Note: These 3 bits can only be used when TEN1 = 1
(DAC channel 1 trigger enable).

DAC channell trigger enable

This bit is set and cleared by software to enable/disable
DAC channell trigger.

0: disable DAC channell trigger, the data written to
DAC_DHRXx register will be transferred to DAC_DOR1
) TENL RW 0 register after 1 APB clock cycle;

1: Enable DAC channel 1 triggering, the data written to
the DAC_DHRX register is transferred to the
DAC_DOR1 register after 3 APB clock cycles.

Note:If software triggering is selected, data written to
register DAC_DHRXx is passed into register DAC_DORL1
after only one APB always cycle.

DAC channell output buffer disable

This bit is set and cleared by software and is used to en-
1 BOFF1 RW 0 able/disable the DAC channel 1 output buffer.

0: Enables the DAC channel 1 output buffer;

1: Disables the DAC channel 1 output buffer.

DAC channell enable

This bit is set and cleared by software and is used to en-
0 EN1 RW 0 able/disable DAC channel 1.

0: disables DAC channel 1;

1: enables DAC channel 1;

15.4.2. DAC Software Trigger Register (DAC_SWTRIGR)
Address offset:0x04

Reset value:0x0000 0000

31 30 | 29 28 27 26 25 | 24 | 23 | 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | SWTRIG2 | SWTRIG1
\W W
Bit Name R/W Reset Value Function
31:2 Reserved - 0 -
DAC channel2 software trigger
This bit is set and cleared by software and is used to en-
1 SWTRIG2 w 0 able/disable software trigger.
0: disables DAC channel2 software trigger;
1: Enables DAC channel2 software trigger.
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Note: Once the data from register DAC_DHR?2 is passed
into register DAC_DOR?2, (after 1 APB clock cycle) this
bit is set to '0' by hardware.

DAC channell software trigger

This bit is set and cleared by software and is used to en-
able/disable software trigger.

0: disables DAC channell software trigger;

0 SWTRIG1 )

1: Enables DAC channell software trigger.

Note: Once the data from register DAC_DHR1 is passed
into register DAC_DORL, (after 1 APB clock cycle) this

bit is set to '0' by hardware

15.4.3. 12-bit right-aligned data holding register for DAC channel 1 (DAC_DHR12R1)
Address offset:0x08

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res | Res | Res | Res DACC1DHR[11:0]
RW
Bit Name R/W Reset Value Function

31:12 Reserved 0
DAC channell 12-bit right-aligned data (DAC channell

11:0 DACCIDHR[11:0] | RW 0 lszit _riqht'a_"gned data) _
This bit is written by software and represents the 12-bit
data of DAC channel 1

15.4.4. 12-bit left-aligned data holding register for DAC channel 1 (DAC_DHR12L1)

Address offset:0x0C

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DACC1DHR[11:0] Res | Res | Res | Res
RwW
Bit Name R/W Reset Value Function
31:16 Reserved - 0 -
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DAC channell 12-bit left-aligned data (DAC channell

12-bit left-aligned data )
15:4 DACC1DHR[11:0] | RW 0 ] )
This bit is written by software and represents the 12-hit

data of DAC channel 1.

3.0 Reserved - 0 -

15.4.5. 8-bit right-aligned data holding register for DAC channel 1 (DAC_DHR8R1)

Address offset:0x10

Reset value:0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | Res | Res | Res | Res | Res | Res DACC1DHR[7:0]
RW
Bit Name R/W Reset Value Function
31:8 Reserved - 0 -
DAC channell 8-bit right-aligned data (DAC channell 8-
7:0 DACCIDHR[7:0] | RW 0 bit right-aligned data )

This bit is written by software and represents the 8-bit

data of DAC channel 1.

15.4.6. 12-bit right-aligned data holding register for DAC channel 2 (DAC_DHR12R2)

Address offset:0x14

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res | Res | Res | Res DACC2DHR[11:0]
RW
Bit Name R/W Reset Value Function

31:12 Reserved - 0 -
DAC channel2 12-bit right-aligned data (DAC channel2

11:0 DACC2DHR[11:0] | RW 0 lszit _right'a_"gned data ) _
This bit is written by software and represents the 12-bit
data of DAC channel 2.

15.4.7. 12-bit left-aligned data holding register for DAC channel 2 (DAC_DHR12L?2)

Address offset:0x18
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Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DACC2DHR[11:0] Res | Res | Res | Res
RwW
Bit Name R/W Reset Value Function
31:16 Reserved - 0 -
DAC channel2 12-bit left-aligned data (DAC channel2
15:4 DACC2DHR[11:0] | RW 0 12Tbit _le_ft'aligned data ) _
This bit is written by software and represents the 12-bit
data of DAC channel 2.
3:0 Reserved 0

15.4.8. 8-bit right-aligned data holding register for DAC channel 2 (DAC_DHR8R2)

Address offset:0x1C

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res | Res | Res | Res | Res | Res | Res | Res DACC2DHR][7:0]
RW

Bit Name R/W Reset Value Function

31:8 Reserved - 0 -
DAC channel2 8-bit right-aligned data (DAC channel2 8-

7:0 DACC2DHR[7:0] | RW 0 bit_right'_a"gn_ed data) _
This bit is written by software and represents the 8-bit
data of DAC channel 2.

15.4.9. 12-bit right-aligned data holding register for dual DACs (DAC_DHR12RD)

Address offset:0x20

Reset value:0x0000 0000

31 30 29 28 27‘26‘25‘24‘23‘22‘21‘20‘19‘18‘17|16
Res | Res | Res | Res DACC2DHR[11:0]

RW
15 14 13 12 11‘10‘9‘8‘7‘6‘5‘4‘3‘2‘1|0
Res | Res | Res | Res DACC1DHR[11:0]
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RW

Bit Name R/W Reset Value Function

31:28 Reserved - 0 -
DAC channel2 12-bit right-aligned data (DAC channel2
12-bit right-aligned data )

27:16 DACC2DHR[11:0] | RW 0 o ) ]
This bit is written by software and represents the 12-bit
data of DAC channel 2.

15:12 Reserved - 0 -
DAC channell 12-bit right-aligned data (DAC channell
12-hit right-aligned data )

11:.0 DACC1DHR[11:0] | RW 0

This bit is written by software and represents the 12-hit
data of DAC channel 1.

15.4.10. 12-bit left-aligned data holding register for dual DACs (DAC_DHR12LD)

Address offset:0x24

Reset value:0x0000 0000

31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20 19 18 17 16
DACC2DHR[11:0] Res | Res | Res | Res
RwW
15‘14‘13'12‘11‘10‘9‘8‘7‘6‘5‘4 3 2 1 0
DACC1DHR[11:0] Res | Res | Res | Res
RwW
Bit Name R/W Reset Value Function
DAC channel2 12-bit left-aligned data (DAC channel2
31:20 DACC2DHR[11:0] | RW 0 lszit_le_ft'angned data ) _
This bit is written by software and represents the 12-bit
data of DAC channel 2.
19:16 Reserved 0
DAC channell 12-bit left-aligned data (DAC channell
15:4 DACCIDHR[11:0] | RW 0 12-bit left-aligned data )
This bit is written by software and represents the 12-bit
data of DAC channel 1.
3.0 Reserved 0

15.4.11. 8-bit right-aligned data holding register for dual DACs (DAC_DHRS8RD)

Address offset:0x28

Reset value:0x0000 0000

31

30

29

28

27

26

25

24

23

22

21

20

19

18

17

16

Res

Res

Res

Res

Res

Res

Res

Res

Res

Res

Res

Res

Res

Res

Res

Res
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15‘14‘13‘12‘11‘10‘9‘8 7‘6‘5‘4‘3 2‘1‘0
DACC2DHR[7:0] DACC1DHR[7:0]
RW RW
Name R/W Reset Value Function
31:16 Reserved - 0 -
DAC channel2 8-bit right-aligned data (DAC channel2 8-
15:8 DACC2DHR[7:0] | RW 0 bit right-aligned data )
This bit is written by software and represents the 8-bit
data of DAC channel 2.
DAC channell 8-bit right-aligned data (DAC channell 8-
DACCLDHR[7:0] RW 0 bit right-aligned data )

This bit is written by software and represents the 8-bit
data of DAC channel 1.

15.4.12. DAC channel 1 data output register (DAC_DOR1)

Address offset:0x2C

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res | Res | Res | Res DACC1DOR[11:0]
R
Name R/W Reset Value Function
31:12 Reserved - 0 -
DAC channell data output )
11:0 DACC1DORJ[11:0] | R 0 This bit is read only and indicates the output data of

DAC channel 1.

15.4.13. DAC channel 2 data output register (DAC_DOR?2)

Reset value:0x0000 0000

Address offset:0x30

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | Res | Res DACC2DOR[11:0]

R
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Bit Name R/W Reset Value Function
31:12 Reserved - 0 -
DAC channel2 data output )
11:0 DACC2DOR[11:0] | R 0 This bit is read only and indicates the DAC channel2
output data.

15.4.14. DAC Status Register (DAC_SR)
Address offset:0x34

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | DMAUDR2 | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res
rc_wl
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | DMAUDR1 | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res
rc_ wl
Bit Name R/W Reset Value Function
31:30 Reserved - 0 -
DAC channel 2 DMA underrun flag
This bit is set to 1 by hardware and cleared to 0 by soft-
ware write 1
29 DMAUDR2 rc_wl 0 0: no DMA underrun has occurred on DAC channel 2;
1: DAC channel 2 has a DMA underrun condition.
Note: Software can only write "1" to clear "0" after
DMAUDR?2 is set to "1"
28:14 Reserved - 0 -
DAC channel 1 DMA underrun flag
This bit is set to 1 by hardware and cleared to 0 by soft-
ware write 1
13 DMAUDR1 rc_ wl 0 0: no DMA underrun has occurred on DAC channel 1;
1: DAC channel 1 has a DMA underrun condition.
Note: Software can only write "1" to clear "0" after
DMAUDRL1 is set to "1"
12:0 Reserved - 0 -
15.4.15. DAC register map
O | Re
ff | gi
S R I = = - I I T < = e = = S . RN O [
et er
R 5 o O - 5
x | C_ gl z =z = TSEL2 | of B o g x =z = TSELL | o o
ol e 9 5( 'gE(J MAMP2[3:0] g 20] n”Z—J o 2 9 E?’ g MAMP1[3:0] E 20 E =
o|R g gl o S B 3z ° s B
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16.Analog-to-digital converter (ADC)

16.1. Introduction

The 12-bit ADC is a successive approximation type analogue-to-digital converter. It has up to 24
channels and can measure up to 16 external and 8 internal signal sources. The A/D conversion of
each channel can be performed in single, continuous, sweep or intermittent mode. The results of the
ADC can be stored in a 16-bit data register in either left- or right-aligned mode.

The analogue watchdog feature allows the application to detect if the input voltage exceeds a user

defined high/low threshold.

16.2. ADC main features

A High performance

U 12-bit, 10-bit, 8-bit or 6-bit configurable resolution
U  ADC conversion time: 1.0 s for 12 -bit resolution (1 MHz)
U  Self-calibration

0  Programmable sampling time

U  Programmable data alignment mode
U  DMA support for rule groups
A Analogue input channels
U 16 external analogue input channels
U  1internal temperature sensor channel (TSENSOR)
U  1internal reference voltage channel (VREFINT)
0  1internal reference voltage input channel (VERF Buffer)
U  3internal OPA input voltage channels (OPA)

U  2internal DAC input voltage channels

>

The conversion operation can be initiated via
U  Software start-up
0  Hardware start (TIM1, TIM2, TIM3, TIM15 or GPIO)

A Conversion mode
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U0  Single mode: 1 single channel can be converted
0  Scan mode: a series of channels can be scanned
U  Continuous mode: continuous conversion of the selected channel
0 Intermittent mode: each trigger converts a sub-sequence of channels, with multiple triggers
until the complete sequence is converted
A Interruptions are generated
U  Atthe end of the conversion

0  Simulating a watchdog event

>

Analogue watchdog
A ADC power requirements:; 1.7 Vto 5.5V

A ADCinputrange:VREF-O VI N O VREF+

16.3. ADC functional description

16.3.1. ADC diagram
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Interrupt
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Analog watchdog
Compare Resuli
] High Threshold(lzbitsb
Vrer
v | Low Threshold(12bits)
REF|
Vss,
> Injected data registers - | APB
(4x16bits) »| BUS
1
Regular data registers -
(16bits) 4
ADQ(_IN?:[I]j:' .
ADCx_IN . GPIO [ DMA request @
: Up to4 ;
’ RoRs ,. || Injected
ADCx_IN1{ —— “ 7] channels
—sensory,, A Analog to digital
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OPf,Zl > Up tf)lG . | Regular converter
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TILMZ&!:LI._ JEXTRIG
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EXTSEL[2:0] bits
ML CHL )
Ml CH2 | it
TML_CH3 |
M2 CH2 | :
TIM3 TRGO Start trigger
TIMIS_TRGQ | (regular group)
EXTI_1[ }
Figure 16-1 ADC block diagram
16.3.2. Calibration

The ADC has a software calibration function. During calibration, the ADC calculates a calibration fac-

tor for use within the ADC (lost when the ADC is powered down). The ADC module cannot be used

by the application during ADC calibration and until the calibration has been completed.

The calibration operation is performed before the ADC conversion is used. Calibration is used to

eliminate chip-to-chip, offset errors due to process variations.
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Calibration can only be started when the ADC is not enabled (ADON=0) and only supports the selec-
tion of the system clock as the ADC's clock. When calibration is complete, CAL is cleared by hard-
ware to 0.

When the operating conditions of the ADC change (VCC change is the main factor for ADC offset
offset, temperature change is second), a recalibration operation is recommended.

The software procedure for calibration:

A Confirm ADON=0

A SetCAL=1

A Wait until CAL=0

ckf LA LFLFLF/F1LfF1LfFLsf
CAL / \
ADC conv /start normal conv

Fi gulreeADC Cali bration Timing Diagram
16.3.3. ADC on-off control
The ADC can be powered up by setting the ADON bit of the ADC_CR2 register. When the ADON bit
is set for the first time, it wakes up the ADC from a power-down state.
from a power-down state.
The ADC starts to convert after a power-up delay (tstag, not less than 20 us).
To save power, the ADC analogue sub-module will go into power-down mode when ADON is 0. By
clearing the ADON bit, conversion can be stopped and the ADC placed in power-down mode.
16.3.4. ADC clock
The ADCCLK clock provided by the RCC control is synchronised with the PCLK (APB clock). the
RCC controller (CLK controller) provides a dedicated programmable prescaler for the ADC clock and
the ADCCLK clock source has an RCC matchable divider from the PCLK, see RCC_ADC_DIV for
the phase.
16.3.5. Channel selection

There are 16 external and 8 internal channels, of which the internal channels are
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16.3.6.

Temperature sensor /Vgerint internal channel

The temperature sensor is connected to channel ADC1_IN16 and the internal reference voltage
VrerinT IS connected to ADC1_IN17.

VCC/3

VCC/3 and channel ADC1_IN18 are connected.

DAC

DAC1_VIN is connected to channel ADC1_IN19 and DAC2_VIN is connected to channel
ADC1_IN20.

OPA

OPA1_VIN is connected to channel ADC1_IN21, OPA2_VIN is connected to channel ADC1_IN22
and OPA3_VIN is connected to channel ADC1_IN23.

Conversions can be organised into two groups: rule groups and injection groups. A series of transi-
tions performed in any order on any number of channels constitutes a group of transitions. For exam-
ple, conversions can be done in the following order: channel 3, channel 8, channel 2, channel 2,
channel 0, channel 2, channel 2, channel 15.

Rule groups consist of up to 16 conversions. The rule channels and the order of their conversions
are selected in the ADC_SQRX register. The total number of conversions in the rule group should be
written to the L[3:0] bits of the ADC_SQRL1 register.

The injection group consists of up to 4 conversions. The injection channels and the order of their
conversions are selected in the ADC_JSQR register. The total number of conversions in the injection
group should be written into the JL[1:0] bits of the ADC_JSQR register.

If the ADC_SQRx or ADC_JSQR registers are changed during conversion, the current conversion is
cleared and a new start pulse is sent to the ADC to convert the newly selected group.
Programmable sampling time

The ADC uses a number of ADC_CLK periods to sample the input voltage, the number of sampling
periods can be changed using the SMP[2:0] bits in the ADC_SMPR1, ADC_SMPR2 and

ADC_SMPR3 registers. Each channel can be sampled separately with a different time.
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16.3.7.

16.3.8.

The total conversion time is calculated as follows:
Tconv = Sampling time + 12.5 cycles
Example:
When ADCCLK = 14MHz, the sampling time is 3.5 cycles
Tconv=35+125=16¢cycles= 1. 14 ¢ s
Configurable resolutions
Fast conversions can be performed by reducing the ADC resolution. the RESSEL bit in the
ADC_CRL1 register is used to select the number of bits available in the data register. The minimum
conversion time for each resolution is as follows, sample time + conversion time:
1) 12 bits: 3.5 +12.5 = 16 ADCCLK cycles
2) 10 bits: 3.5 + 10.5 = 14 ADCCLK cycle
3) 8hits: 3.5+ 8.5 =12 ADCCLK cycle
4) 6 bits: 3.5+ 6.5 =10 ADCCLK cycles
Single conversion mode
In single conversion mode, the ADC performs only one conversion. This mode can be started either
by setting the ADON bit in the ADC_CR2 register (for regular channels only) or by external triggering
(for regular or injected channels), when the CONT bit is 0.
Once the conversion of the selected channel is complete:
A If arule channel is converted:
- Conversion data is stored in the 16-bit ADC_DR register
- EOC (end of conversion) flag is set
- If EOCIE is set, an interrupt is generated
A If an injection channel is converted:
- Conversion data is stored in the 16-bit ADC_JDRX register
- JEOC (end of injection conversion) flag is set
- -If the JEOCIE bit is set, an interrupt is generated.

Then the ADC stops.
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16.3.9. Continuous conversion mode

In continuous conversion mode, another conversion is started as soon as the previous ADC conver-

sion is completed. This mode can be started by an external trigger or by setting the ADON bit on the

ADC_CR2 register, when the CONT bit is 1.

A

>

A

After each conversion:

- Ifarule channel is converted:

- Conversion data is stored in the 16-bit ADC_DR register
- The EOC (end of conversion) flag is set

- If EOCIE is set, an interrupt is generated.

If an injection channel is converted:

- EOC (end of conversion flag) flag set

Conversion data is stored in the 16-bit ADC_JDRX register
The JEOC (end of injection conversion) flag is set

If the JEOCIE bit is set, an interrupt is generated.

16.3.10. Scan mode

This mode is used to scan a group of analogue channels.

The scan mode can be selected by setting the SCAN bit of the ADC_CR1 register. Once this bit
is set, the ADC scans all channels selected by the ADC_SQRX register (for regular channels) or
ADC_JSQR (for injection channels). A single conversion is performed on each channel in each
group. At the end of each conversion, the next channel in the same group is automatically con-
verted. If the CONT bit is set, the conversion does not stop at the last channel of the selected
group, but continues again from the first channel of the selected group.

If the DMA bit is set, the DMA controller transfers the conversion data of the channels of the rule
group to the SRAM. And the data for the injection channel conversion is always stored in the

ADC_JDRX register.

16.3.11. Intermittent conversion mode

Rules group
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This mode is activated by setting the DISCEN bit on the ADC_CR1 register. It can be used to
perform a short sequence of n conversions (n<=8) which is part of the conversion sequence se-
lected by the ADC_SQRX register. The value n is given by the DISCNUM[2:0] bits of the
ADC_CR1 register.

An external trigger signal initiates the next round of n conversions described in the ADC_SQRx
register until all conversions in this sequence have been completed. The total sequence length
is defined by L[3:0] of the ADC_SQR1 register.

Example:

n = 3, channels being converted =0, 1, 2, 3,6, 7, 9, 10

First trigger: the converted sequence is 0, 1, 2

Second trigger: the sequence to be converted is 3, 6, 7

Third trigger: sequence of conversions is 9, 10 and EOC event is generated

Fourth trigger: sequence of conversions 0, 1, 2

Note: When converting a rule group in intermittent mode, the conversion sequence does not au-
tomatically start from the beginning at the end.

When all subgroups have been converted, the next trigger starts the conversion of the first sub-
group. In the example above, the fourth trigger reconverts channels 0, 1 and 2 of the first sub-
group.

Injection group

This mode is activated by setting the JDISCEN bit of the ADC_CR1 register. After an external
trigger event, this mode converts the sequence selected in the ADC_JSQR register one by one
in channel order.

An external trigger signal initiates the conversion of the next channel sequence selected by the
ADC_JSQR register until all

of the sequence are completed. The total sequence length is defined by the JL[1:0] bits of the
ADC_JSQR register.

Example:
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n =1, channel being converted = 1, 2, 3

First trigger: channel 1 is converted

Second trigger: channel 2 is converted

Third trigger: channel 3 is converted and generates EOC and JEOC events

Fourth trigger: channel 1 is converted
Note: 1 When all injection channel conversions are completed, the next trigger initiates the con-
version of the 1st injection channel. In the above example, the fourth trigger reconverts the 1st
injection channel 1.
2 Automatic injection and intermittent mode cannot be used at the same time.

16.3.12. Injecting channel management

The external trigger of the injection channel has a higher priority than the external trigger of the
rule channel, i.e. the external trigger of the injection channel can interrupt a rule channel transi-
tion in progress. There are two types of interrupt for the injection channel: triggered injection and

automatic injection.

16.3.12.1. Trigger Injection
If the JAUTO bit of the ADC_CR1 register is cleared, and the SCAN bit is set.
A The conversion of a set of regular channels is initiated using an external trigger or by set-

ting the ADON bit of the ADC_CR2 register.

A If an external injection trigger is generated during a rule channel conversion, the current
conversion is reset and the sequence of injected channels is converted in a single scan.
A The last interrupted rule group channel conversion is then resumed. If a rule event is gener-

ated during an injection transition, the injection transition is not interrupted, but the rule se-
guence will be executed after the injection sequence has finished.
Note: When using triggered injection conversions, it must be ensured that the interval between
trigger events is longer than the injection sequence. For example, if the sequence length is 28
ADC clock cycles (i.e. 2 conversions with a 1.5 clock interval sample time), the minimum interval

between triggers must be 29 ADC clock cycles.

281/913



PY32F07X Reference Manual

16.3.12.2. Automatic injection

If the JAUTO bit is set, the injection group channels are automatically converted after the rule
group channels. This can be used to convert up to 20 conversion sequences set in the
ADC_SQRx and ADC_JSQR registers.
In this mode, external triggering of the injection channels must be disabled.
If the CONT bit is set in addition to the JAUTO bit, the conversion sequence from the rule chan-
nel to the injection channel is executed continuously.
Note: It is not possible to use both auto-inject and intermittent modes

16.3.13. Stopping an ongoing conversion (ADSTP)
The software can decide to stop any ongoing conversions by setting ADSTP =1 in the ADC_CR
register.
This will reset the ADC operation and the ADC will be idle, ready for a new operation.
When the ADSTP bit is set by software, any ongoing conversion is aborted and the result is dis-
carded (ADC_DR register is not updated with the current conversion).
The scan sequence is also aborted and reset (meaning that restarting the ADC would restart a
new sequence).

Once this procedure is complete, the ADSTP and ADSTART bits are both cleared by hardware.

ADESI(\elt tﬁk vcleared by HW
ABSTART set by:SW g v cleared by HW
State OFF | Start | Smpling CH(n} Converting X OFF
ADSTP A v
ADC_DR DATA NL

Figum®e2eStop timing

16.4. Watchdog simulation
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The AWD analogue watchdog status bit is set to 1 if the analogue voltage converted by the ADC is

below the lower threshold or above the upper threshold. these thresholds are set in the 12 least sig-

nificant bits of the ADC_HTR and ADC_LTR registers. Interrupts are generated by setting the

AWDIE bit in the ADC_CR1 register.

The thresholds are independent of the alignment selected for the ALIGN bit in the ADC_CR2 regis-

ter. The threshold comparison is done before the alignment (before the injection channel is sub-

tracted from the offset value).

By configuring the ADC_CR1 register, the analogue watchdog can act on 1 or more channels, as

shown in the following table:

Analog
Voltage A

High

HTR

Threshold

Low

Vigilance area

LTR

Threshold

Figad®e3Anal ogue

Wat chdog

Reserve

ectii

Tabll&2Anal ogue watchdog channel sel

Analogue watchdog protec- ADC_CR1 register control bit

tion channel AWDSGL AWDEN JAWDEN
None X 0 0

All injection channels 0 0 1

All rule channels 0 1 0

All injection and rule channels 0 1 1

Single injection channel 1 0 1

Single rule access 1 1 0

Single injection or rule channel 1 1 1

16.5. External trigger conversion

Conversions can be triggered by external events (e.g. timer capture, EXTI interrupt). If the EXTTRIG

or JEXTTRIG control bits are set, an external event can trigger the conversion. the EXTSEL[2:0] and

JEXTSELZ2:0] control bits allow the application to select one of the 8 possible events that can trigger

the sampling of the rule and injection groups.
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Note: When an external trigger signal is selected for an ADC rule or injection conversion, only the

rising edge can initiate the conversion.

The table below gives the possible external triggers for conversion. Software source trigger events

can be generated by setting the ADSTART bit in the ADC_CR register.

Tabll&3ADC for external triggering of rule

Trigger source Type EXTSEL[2:0]
CHZ1 output of timer 1 000

CH2 output of timer 1 001

CHS3 output of timer 1 010

Internal signals for on-chip timers

TRGO output of timer 2 011

TRGO output of timer 3 TRGO output of timer 2
TRGO output of timer 15 101

EXTI Line 11 External pins 110
SWSTART Software control bits 111

Tabll&ADC for external triggering of injectdi

Trigger source Type JEXTSEL[2:0]
TRGO output of timer 1 000

CH4 output of timer 1 001

TRGO output of timer 2 010

Internal signals for on-chip timers

CHZ1 output of timer 2 011

CH4 output of timer 3 100

TRGO output of timer 15 101

EXTI line 15 output External pins 110
JSWSTART Software control bits 111

16.6. Data alignment

At the end of each conversion (when the EOC event is generated) the resultant data of the conver-
sion is stored in the 16-bit wide ADC_DR data register. the ALIGN bit in the ADC_CR?2 register se-
lects the alignment of the converted data storage. The data can be left or right aligned, e.g. the con-

verted data value for the injection group channel has been subtracted from the offset defined in the
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ADC_JOFRX register, so the result can be a negative value. The SEXT bit is the extended sign
value.

For regular group channels, the offset value is not subtracted and therefore only 12 bits are valid.

An example of right alignment of data is as follows:

Injection group

‘ SEXT‘ SEXT‘ SEXT‘ SEXT‘ Dll‘ D10 ‘ D9 ‘ D8 ‘ D7 ‘ D6 ‘ D5 ‘ D4 ‘ D3 ‘ D2 ‘ D1 ‘ DO ‘

Rules group

‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 011‘ DlO‘ D9 ‘ D8 ‘ D7 ‘ D6 ‘ D5 ‘ D4 ‘ D3 ‘ D2 ‘ D1 ‘ DO ‘

An example of left alignment of data is as follows:

Injection group

‘SEXT‘ Dll‘ Dlo‘ D9 ‘ D8 ‘ D7 ‘ D6 ‘ D5 ‘ D4 ‘ D3 ’ D2 ‘ D1 ‘ DO ’ 0 ‘ 0 ‘ 0 ‘

Rules group

‘ Dll‘ D10 ‘ D9 ‘ D8 ‘ D7 ‘ D6 ‘ D5 ‘ D4 ‘ D3 ‘ D2 ‘ D1 ‘ DO ‘ 0 ‘ 0 ‘ 0 ‘ 0

16.7. Data overload

The ADC Overshoot flag (OVER) is a buffer overshoot event. The rule group ADC overshoot occurs
when the converted data is not read by the CPU or DMA in time and another conversion is already
valid.

16.8. DMA requests
Because the value of a rule channel conversion is stored in a data-only register, DMA is required
when converting multiple rule channels, which prevents the loss of data already stored in the
ADC_DR register.
A DMA request is only generated at the end of a rule channel conversion and the converted data is

transferred from the ADC_DR register to the user specified destination address.

16.9. Temperature sensor and internal reference voltage
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The temperature sensor can be used to measure the temperature (TA) around the device. The tem-
perature sensor is internally connected to the ADC1_IN16 channel, which converts the voltage out-
put from the sensor to a digital value. The recommended sampling time for the analogue input of the
temperature sensor is 17.1 us and the sensor can be placed in power-down mode when not in use.
The output voltage of the temperature sensor varies linearly with temperature. Due to variations in
the production process, the offset of the temperature profile can vary from chip to chip (up to 45€).
Internal temperature sensors are better suited to detecting temperature variations than to measuring
absolute temperatures. If an accurate temperature measurement is required, an external tempera-
ture sensor should be used.

Note: The TSVREFE bit must be set to activate the conversion of the internal channels: ADC1_IN16

(temperature sensor) and ADC1_IN17 (VREFINT).

TSVREFE control bit

Y
Temperature VSENSE= ADC_IN16
I APR
ADC BUS
Internal power VREFINT -
R »ADC IN17

Figure 16-4 Block diagram of temperature sensor channels
Read temperature key features
A Temperature range supported: -40 € to 125 €
A Accuracy: 1.5 C
Temperature reading
To use the sensor, do the following:
1. select ADC1_IN16
2. Select a sample time that is greater than the minimum sample time specified in the datasheet.
3. wake up the temperature sensor from power-down mode by setting TSVREFE to position 1 in the

ADC_CR2 register
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4. start the ADC conversion by setting ADON to position 1 and enabling the external trigger

5. read the VSENSE data generated in the ADC data register

6. Calculate the temperature using the following formula:

Temperaturee € { ={(VSENSE - V25) / Avg_Slope} + 25

Where

V25 = VSENSE value at 25 T

Avg_ Sl ope = average slope of the temperature
(For information on the actual values of V25 and Avg_Slope, see the Electrical Characteristics sec-
tion of the data sheet.)

Note: The sensor requires a set-up time to wake up from power-down mode, after which the correct
level of VSENSE is output. The ADC also requires a set-up time after power-up, so to reduce the de-

lay, both ADON and TSVREFE should be set.

16.10. ADC interrputs

Interrupts can be generated at the end of rule and injection group conversions, when the ana-
logue watchdog status bit is set, and when rule group conversion data is not read in time. They
all have separate interrupt enable bits.

There are 2 other flags in the ADC_SR register, but they do not have interrupts associated with
them:

A JSTRT (Initiation of Injection Group Channel Transformation)

A STRT (initiation of Rule Group Channel Transformation)

Tabl&ADC interrupts

V' S

Interrupt event Event flag Enable control bit
End of rule group conversion EOC EOCIE
End of injection group conversion JEOC JEOCIE
Analog watchdog status bits are set AWD AWDIE
Overflow sign OVER OVERIE

16.11.

ADC registers

16.11.1. ADC Status Register (ADC_SR)
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Address offset: 0x00

Reset value: 0x0000 0000

31

30

29 | 28

27

26

25

24

23 | 22 21 20 19 18 17 16

Re

Re

Re Re

S S

Re

S

Re

S

Re

S

Re

S

Re Re
Res Res Res Res Res Res

15

14

13 | 12

11

10

Re

Re

Re Re

Re

Re

Re

Re

Re Re OVE
STRT | JSTRT | JEOC EOC AWD

nc | REW [ RCW [RCW [ RCW [RC W

Bit

Name

R/W

Reset Value

Function

31:8

Reserved

Reserved

OVER

RC

ADC Overload

This bit is set by hardware when an overload occurs. When the EOC
flag is set it indicates that a new conversion has been completed.

0: no overload has occurred (DMA or CPU has read the result of the
last conversion)

1: Overload has occurred

STRT

RC_WO

Rule channel start status bit

This bit is set by hardware at the start of a rule channel transition and
is cleared by software.

0: Rule channel conversion has not started

1: Rule channel conversion has started

JSTRT

RC_WO

Injection channel start status bit

This bit is set by hardware at the start of an injection channel group
conversion and is cleared by software.

0: Injection channel conversion has not started

1: Injection channel conversion has started

JEOC

RC_WO0

End of injection channel conversion status bit

This bit is set by hardware at the end of conversion for all injected
channel groups and is cleared by software.

0: Conversion not completed

1: Conversion complete

EOC

RC_WO0

End of conversion status bit

This bit is set by hardware at the end of (regular or injected) channel
group conversion, cleared by software or cleared by reading ADC_DR.
0: conversion not completed

1: Conversion complete

AWD

RC_WO0

Analogue watchdog flag bit
This bit is set by hardware to 1 when the converted voltage value is
outside the range defined by the ADC_LTR or below the ADC_HTR

register and is cleared by software.
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Bit

Name R/W

Reset Value

Function

0: No analogue watchdog event occurred

1: An analogue watchdog event has occurred

16.11.2. ADC Control Register 1 (ADC_CR1)

Address offset:0x04

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res OVR Res AD- Res RES- AW | AW Res | Res | Res | Res | Res | Res
IE STP SEL[1:0] DEN | DEN
RW R RW RW RW
W1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AW
DISCNUM[2:0] IDIS | DIS- AU o | SCA | JEO | AW ) EO- AWDCH[4:0]
CEN | CEN | TO L N CIE DIE CIE
RwW RW RW RwW RW RwW RwW RW RW RW
Bit Name R/W Reset Value Function
31:30 Reserved - Reserved
OVER FLAG interrupt enable
29 OVRIE RW 0 0: Overload interrupt disabled
1: Allow overload interrupt
28 Reserved - Reserved
ADC conversion stop enable. Software write 1
set to 1. Hardware set to 0 when ADC stop sig-
27 ADSTP R W1 0 nal is received.
1: Stops ADC conversion.
0: Does not stop ADC conversion.
26 Reserved - Reserved
Resolution control bits. The resolution of the
conversion can be selected by writing these
bits in software.
25:24 RESSEL[1:0] RW 0 00: 12 bits (15 ADCCLK cycle)
01: 10 bits (13 ADCCLK cycle)
10: 8 bits (11 ADCCLK cycle)
11: 6 bits (9 ADCCLK cycle)
Rule channel analog watchdog enable. Ena-
bles the analog watchdog on the rule channel.
23 AWDEN RW 0 This bit is set to 1 by a software write 1 and to
0 by a write 0.
0: disables the analogue watchdog on the rule
channel
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Bit

Name

R/W

Reset Value

Function

1: Use analog watchdog on rule channel

22

JAWDEN

RW

Inject channel analog watchdog enable. Ena-
bles the analogue watchdog on the injection
channel. This bit is set to 1 by a software write
1 and to O by a write 0.

0: disables the analogue watchdog on the in-
jection channel

1: Use analog watchdog on the injection chan-

nel

21:16

Reserved

Reserved

15:13

DISCNUM[2:0]

RW

Intermittent Mode Channel Count. In intermit-
tent mode, the number of channels converted
in the rule channel group after an external trig-
ger is received.

Software write operations set these bits.

000: 1 channel

001: 2 channels

111: 8 channels

12

JDISCEN

RW

Inject channel intermittent mode enable.

This bit is set to 1 by a software write 1 and 0
by a write 0 to enable or disable intermittent
mode on the injection channel group.

0: Disable intermittent mode on the injection
channel group

1: Intermittent mode is used on the injection

channel group

11

DISCEN

RW

Intermittent mode enable for rule channels
This bit is set to 1 by a software write 1 and 0
by a write O to enable or disable intermittent
mode on the rule channel group

0: Disable intermittent mode on the rule chan-
nel group

1: Intermittent mode is used on the rule chan-

nel group

10

JAUTO

RW

Auto-Inject Enable

This bit is used by software write 1 to set 1 and
write 0 to set O to enable or disable automatic
injection channel group conversion after the
end of a rule channel group conversion

0: turns off automatic injection channel group
conversion

1: Enables automatic injection channel group

conversion

AWDSGL

RW

Single channel watchdog enable.
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Bit Name R/W Reset Value Function
This bit is used by software write 1 to set 1 and
write O to set 0 to enable or disable the analog
watchdog on the channel defined by
AWDCHI[4:0].
0: use analogue watchdog on all channels
1: use analogue watchdog on a single channel
Scan mode enable
This bit is set to 1 by a software write 1 and 0
by a software write 0 to turn scan mode on or
8 SCAN RW 0 off. In scan mode, the channels selected by the
ADC_SQRx or ADC_JSQRX registers are con-
verted.
0: turn off scan mode
1: Use scan mode
Injection channel conversion end interrupt ena-
ble
This bit is set to 1 by a software write 1 and 0
7 JEOCIE RW 0 by a write 0. When enabled, this bit generates
an interrupt request when JEOC is active.
0: JEOC interrupt disabled
1: JEOC interrupt is allowed.
Analogue watchdog interrupt enable
This bit is enabled by software write 1 to set 1
and write O to set 0. When enabled, this bit
6 AWDIE RW 0 generates an interrupt request when AWD is
active.
0: Disable the analogue watchdog interrupt
1: Allow the analogue watchdog interrupt
End of rule channel conversion interrupt ena-
ble
This bit is enabled by software write 1 to set 1
. e RW 0 and write O to set 0. When enabled, this bit
generates an interrupt request when the EOC
is active.
0: EOC interrupt disabled
1: EOC interrupt is allowed.
Analogue watchdog channel select bit
This bit is set by a software write and is used to
select the input channel for the analogue
watchdog.
4:0 AWDCHJ[4:0] RW 0 00000: ADC analogue input channel 0

00001: ADC analogue input channel 1
01111: ADC Analogue Input Channel 15
10000: TS_VIN input
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Bit

Name

R/W

Reset Value

Function

10001: VREFINT input
10010: VCCA/3
10011: DAC1_VIN
10100 DAC2_VIN
10101: OPA1_VIN
10110: OPA2_VIN
10111: OPAS3_VIN

All other values are reserved.

16.11.3. ADC Control Register (ADC_CR2)

Address offset:0x08

Reset value:0x0000 0000

31 30 |29 (28| 27 | 26 25 24 23 22 21 20 19 ’ 18 | 17 16
VREF- VREF EX-
R|R|R Re | TSVR | SWST | JSWST
Res BUFF_S BUFF TTR EXTSEL[2:0] Res
es | es | es s EFE ART ART
EL ERE IG
R
RW W RwW RW R W1 R W1 RwW RW RW | RW
15 14 | 13 | 12 | 11 | 10 9 8 7 5 4 3 2 1 0
D
JEXTT | JEXTSEL[2: ALI R RST CA | CO | AD
Res M Res Res Res Res
RIG 0] GN | es A CAL L NT | ON
R|R|R R R W R_
RW RW RW | RW
W | W | W W 1 w1
Bit Name R/W Reset Value Function
31:28 Reserved - - Reserved
VREFBUF output voltage select
00:15V
27:26 VREFBUFF_SEL RwW 0 01:2.048 V
10: 25V
11: reserved
Enable VerfBuffer
Software write 0 set to 0, write 1 setto 1
25 VREF BUFFERE RwW 0 )
0: disable VerfBuffer
1: enable VerfBuffer
24 Reserved - - -
Temperature sensor and VREFINT enable
Used to enable or disable the temperature sen-
23 TSVREFE RW 0 sor and VREFINT channels by software write 1

to set 1 and write 0 to set 0.
Enabling is possible in ADCL1.
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Bit

Name

R/IW

Reset Value

Function

0: disables the temperature sensor and
VREFINT
1: Enables the temperature sensor and
VREFINT

22

SWSTART

R W1

Start conversion rule channel enable

Start conversion by software write 1 to set 1, im-
mediately after start conversion is cleared by
hardware to set 0.

0: reset state

1: Start of conversion rule channel

21

JSWSTART

R_W1

Start conversion injection channel enable
Start conversion by software write 1 to set 1,
cleared by hardware to set 0 immediately after
starting conversion.

0: reset state

1: Start conversion of the injection channel

20

EXTTRIG

RW

Rule channel external trigger enable

This bit is cleared by software write 1 to set 1
and write 0 to set 0. It is used to enable or disa-
ble external trigger signals that can initiate rule
channel group transitions.

0: disables external triggering of the rule chan-
nel

1: Enables external triggering of the rule chan-
nel

19:17

EXTSEL[2:0]

RW

Rule channel external trigger event selection bit.
Selects the external event that initiates the con-
version of the rule channel group

ADC1,ADC2 external trigger events are as fol-
lows:

000: CH1 event for timer 1

001: CH2 event for timer 1

010: CHS3 event for timer 1

011: CH2 event of timer 2

100: TRGO event for timer 3

101: Trigger timerl5_TRGO event

110: EXTI11

111: SWSTART

16

Reserved

15

JEXTTRIG

RwW

External trigger enable for the injection channel
0: Inject channel external trigger disable

1: Enable injection channel external trigger

14:12

JEXTSEL[2:0]

RW

Injection of channel group external trigger event

selection bits
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Bit

Name

R/W

Reset Value

Function

The external trigger events for ADC1 and ADC2
are as follows

000: TRGO event for timer 1

001: CH4 event for timer 1

010: TRGO event for timer 2

011: CH1 event for timer 2

100: TRGO event for timer 3

101: TRGO event for timer 15

110: EXTI15

111: JISWSTART

11

ALIGN

RW

Data alignment control bit

This bit is cleared by a software write 1 to set 1
and a write 0 to set 0.

0: right-aligned

1: Left aligned

10:9

Reserved

DMA

RW

DMA enable bit

This bit is cleared by software write 1 to set 1
and write O to set 0.

0: DMA mode disabled

1: Enables DMA mode

7:4

Reserved

RSTCAL

RES

Calibration reset enable bit

This bit is set to 1 by a software write 1 and
cleared to 0 by hardware and is cleared after the
calibration register has been initialized (i.e. after
RSTCAL has been set to 1).

0: Calibration register is initialised

1: Calibration register initialised

Note: When a conversion is in progress, clear-
ing the calibration register requires an additional
cycle if RSTCAL is set.

CAL

R_W1

Calibration enable

This bit is set to 1 by a software write 1 to start
calibration and is cleared by hardware on cali-
bration failure or calibration success. When
ADON is invalid and SWSTART, JSWSTART is
invalid; software initiates calibration.

0: Calibration complete

1: Enables calibration

CONT

RW

Continuous conversion enable

This bit is cleared by software write 1 to set 1
and write O to set O. If this bit is set, conversion
will be continuous until this bit is cleared.

0: Single conversion mode
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Bit Name R/W Reset Value Function
1: Continuous conversion mode
On/Off A/D converter
ADC converter operating enable, when set to 1
the ADC converter wakes up, there is a delay
tSTAB between the converter powering up and
the start of conversion. when set to 0 the ADC
converter is in power down mode.
0: ADC conversion is disabled and the ADC

0 ADON RW 0

converter enters power-down mode

1: Enables the ADC converter.

Note: If SWSTART,JSWSTART is changed in
this register together with ADON, the conversion
is not triggered. This is to prevent wrong conver-
sions from being triggered.

16.11.4. ADC Sample Time Register 1 (ADC_SMPR1)

Address offset:0x0C

Reset value:0x0000 0000

31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20‘19‘18|17|16

Res
15‘14‘13‘12 11‘10‘9 8‘7‘6 5‘4‘3 2|1|o
Res SMP23[2:0] SMP22[2:0] SMP21[2:0] SMP20[2:0]
RwW RwW RW RwW
Bit Name R/W Reset Function
Value
31:12 Reserved - - Reserved
Selecting the sampling time for channel x
These bits are set by software to select the sample time for each chan-
nel independently. The channel selection bits must remain unchanged
x SMPX[2:0] RW 0 during the sampling cycle.
000: 3.5 cycles 100: 28.5 cycles
001: 5.5 cycles 101: 41.5 cycles
010: 7.5 cycles 110: 134.5 cycles
011: 13.5 cycles 111: 239.5 cycles

16.11.5. ADC Sample Time Register 2 (ADC_SMPR?2)

Address offset:0x10

Reset value:0x0000 0000

31

‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20‘19‘18|17|16‘

295913




PY32F07X Reference Manual

Res SMP19[2:0] SMP18[2:0] SMP17[2:0] SMP16[2:0] SMP15[2:1]
RwW RW RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMP15[0] SMP14[2:0] SMP13[2:0] SMP12[2:0] SMP11[2:0] SMP10[2:0]
RwW RwW RwW RwW RW RW
Bit Name R/W Reset Function
Value
31:30 Reserved - - Reserved
Selecting the sampling time for channel x
These bits are set by software to select the sample time for each
channel independently. The channel selection bits must remain un-
290 SMPX(2:0] RW 0 changed during the sampling cycle.
000: 3.5 cycles 100: 28.5 cycles
001: 5.5 cycles 101: 41.5 cycles
010: 7.5 cycles 110: 134.5 cycles
011: 13.5 cycles 111: 239.5 cycles

16.11.6. ADC Sample Time Register 3 (ADC_SMPR3)

Address offset:0x14

Reset value:0x0000 0000

31 30 29‘28 27 26‘25 24 | 23 22‘21 20 19‘18 17 | 16
Res SMP9[2:0] SMP8[2:0] SMP7[2:0] SMP6[2:0] SMP5[2:1]
RwW RW RW RW RW
15 14 13‘12 11 10‘987‘654‘321|0
SMP5[0] SMP4[2:0] SMP3[2:0] SMP2[2:0] SMP1[2:0] SMPO[2:0]
RwW RwW RW RW RW RW
Bit Name R/W Reset Function
Value
31:30 Reserved - - Reserved
Selecting the sampling time for channel x
These bits are set by software to select the sample time for each
channel independently. The channel selection bits must remain un-
290 SMPX[2:0] RW 0 changed during the sampling cycle.
000: 3.5 cycles 100: 28.5 cycles
001: 5.5 cycles 101: 41.5 cycles
010: 7.5 cycles 110: 134.5 cycles
011: 13.5 cycles 111: 239.5 cycles
16.11.7. ADC Injection Channel Data Offset Register x (ADC_JOFRXx) (x=1..4)

Address offset:0x18-0X24

Reset value:0x0000 0000
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31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20‘19‘18‘17|16

Res
15 14 13 12 11 | 10 9 8 7 6 5 4 3 2 1 0
Res JOFFSETX[11:0]
‘ ‘ ‘ RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW

Bit Name R/W Reset Function
Value
31:12 Reserved - - Reserved
Injection of the xth conversion data offset of the channel
The software configures the value of these bits. These bits define the value
11:0 | JOFFSETX[11:0] | RW 0 used to subtract from the original conversion data when the conversion is
injected into the channel. The final conversion result can be read out in the
ADC_JDRX register.

16.11.8. ADC Watchdog High Threshold Register (ADC_HTR)
Address offset:0x28

Reset value:0x0000 OFFF

31‘30‘29|28‘27‘26‘25‘24‘23‘22‘21‘20‘19‘18|17‘16
Res
15‘14‘13‘12 11‘10‘9‘8‘7‘6’5‘4’3‘2|1‘0
Res HT[11:0]
RwW
Bit Name R/W Reset Value Function
31:11 Reserved - - Reserved
Analogue Watchdog High Threshold
110 HT[LL:0] RW — T-he sof.tware cohfigures the vzfllu.es of these bits. These
bits define the high threshold limit for the analogue
watchdog.

16.11.9. ADC Watchdog Low Threshold Register (ADC_LRT)

Address offset:0x2C

Reset value:0x0000 0000
31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20‘19‘18|17‘16

Reserved

15‘14‘13‘12 11‘10‘9‘8‘7‘6‘5‘4‘3‘2|1‘0
Reserved HT[11:0]
RW
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Bit Name R/W Reset Value Function
31 11 Reserved - - Reserved
Analogue Watchdog Low Threshold
The software configures the values of these bits. These
11:0 LT[11:0] RW 0x000

bits define the threshold low limit for the analogue

watchdog.

16.11.10. ADC Rule Sequence Register 1 (ADC_SQR1)

Address offset:0x30

Reset value:0x0000 0000

31|30‘29|28|27‘26

‘25‘24

23‘22‘21‘20 19‘18‘17|16

Res

L[3:0] SQ16[4:1]

RW RW

15 14‘13‘12‘11‘10

9‘8

7‘6’543’2‘1|0

SQ1
6[0]

SQ15[4:0]

SQ14[4:0]

SQ13[4:0]

RW

RW

RW RW

Bit

Name

R/W

Reset Value

Function

31:24

Reserved

Reserved

23:20

L[3:0]

RW

Rule channel sequence length

The software configures the value of these bits. These
bits define the number of channels in the regular chan-
nel conversion sequence.

0000: 1 conversion

0001: 2 conversions

1111: 16 conversions

19:15

SQ16[4:0]

RW

The software configures the value of these bits. The
16th conversion in the rule sequence, these bits define
the number (0 to 23) of the 16th conversion channel in

the conversion sequence.

14:10

SQ15[4:0]

RW

The software configures the value of these bits. The
15th conversion in the rule sequence, these bits define
the number (0 to 23) of the 15th conversion channel in

the conversion sequence.

9:5

SQ14[4:0]

RW

The software configures the value of these bits. The
14th conversion in the rule sequence, these bits define
the number (0 to 23) of the 14th conversion channel in

the conversion sequence.

4.0

SQ13[4:0]

RW

The software configures the value of these bits. The

13th conversion in the rule sequence, these bits define
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the number (0 to 23) of the 13th conversion channel in

the conversion sequence.

16.11.11. ADC Rule Sequence Register 2 (ADC_SQR?2)
Address offset:0x34

Reset value:0x0000 0000

31 30 29‘28‘27‘26‘25 24‘23‘22‘21‘20 19‘18‘17‘16
Res SQ12[4:0] SQ11[4:0] SQ10[4:1]
RW RW RW

15 14 13‘12|11‘109 8‘7|6‘5 4 3|2‘1‘o
SQ10[0] SQ9[4:0] SQ8[4:0] SQ7[4:0]

RW RW RW RW

Bit Name R/W Reset Value Function

31:30 Reserved - - Reserved

The software configures the value of these bits. The

12th conversion in the rule sequence, these bits define
29:25 SQ12[4:0] RW 0 . )
the number (0 to 23) of the 12th conversion channel in

the conversion sequence.

The software configures the value of these bits. The

11th conversion in the rule sequence, these bits define
24:20 SQ11[4:0] RW 0 ) )
the number (0 to 23) of the 11th conversion channel in

the conversion sequence.

The software configures the value of these bits. The

10th conversion in the rule sequence, these bits define
19:15 SQ10[4:0] RW 0 ) )
the number (0 to 23) of the 10th conversion channel in

the conversion sequence.

The software configures the value of these bits. The 9th
conversion in the rule sequence, these bits define the

14:10 SQ9[4:0] RW 0 ) ]
number (0 to 23) of the 9th conversion channel in the

conversion sequence.

The software configures the value of these bits. The 8th
conversion in the rule sequence, these bits define the

9:5 SQ8[4:0] RW 0 ) ) ]
number of the 8th conversion channel in the conversion

sequence (0 to 23).

The software configures the value of these bits. The 7th

conversion in the rule sequence, these bits define the
4:0 SQ7[4:0] RW 0 ) ] ]
number of the 7th conversion channel in the conversion

sequence (0 to 23).

16.11.12. ADC Rule Sequence Register 3 (ADC_SQR3)
Address offset:0x38

Reset value:0x0000 0000
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31

30 29‘28‘27

26‘25

24

‘23 22‘21‘20

19 18 17 16

Res

SQ6[4:0]

SQ5[4:0]

SQ4[4:1]

RW

RW

RW

15

14 13

12‘11‘10

7‘6|54

3‘2|1|o

SQ4[0]

SQ3[4:0]

SQ2[4:0]

SQ1[4:0]

RW

RW

RW

RW

Bit

Name R/W

Reset Value

Function

31:30

Reserved -

Reserved

29:25

SQ6[4:0] RW

The software configures the value of these bits. The 6th
conversion in the rule sequence, these bits define the
number of the 6th conversion channel in the conversion
sequence (0 to 23).

24:20

SQ5[4:0] RW

The software configures the value of these bits. The 5th
conversion in the rule sequence, these bits define the
number of the 5th conversion channel in the conversion
sequence (0 to 23).

19:15

SQA4[4:0] RW

The software configures the value of these bits. The 4th
conversion in the rule sequence, these bits define the
number of the 4th conversion channel in the conversion

sequence (0 to 23).

14:10

SQ3[4:0] RW

The software configures the value of these bits. The 3rd
conversion in the rule sequence, these bits define the
number of the 3rd conversion channel in the conversion

sequence (0 to 23).

9:5

SQ2[4:0] RW

The software configures the value of these bits. The 2nd
conversion in the rule sequence, these bits define the
number of the 2nd conversion channel in the conversion

sequence (0 to 23).

4.0

SQ1[4:0] RW

The software configures the value of these bits. The 1st
conversion in the rule sequence, these bits define the
number of the 1st conversion channel in the conversion

sequence (0 to 23).

16.11.13. ADC Injection Sequence Register (ADC_JSQR)

Address offset:0x3C

Reset value:0x0000 0000

31‘30‘29‘28‘27‘26‘25‘24 23‘22‘21‘20 19‘18‘17|16
Res JL[3:0] JSQ4[4:1]
RW RW
15 14‘13‘12‘11‘10 9‘8 7‘6‘5 4 3‘2‘1|0
JSQ40] JSQ3[4:0] JSQ2[4:0] JSQ1[4:0]
RW RW RW RW
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Bit

Name

R/W

Reset Value

Function

31:24

Reserved

Reserved

23:20

JL[3:0]

RW

Inject the channel sequence length

The software configures the value of these bits. These
bits define the number of channels in the injected chan-
nel conversion sequence.

00: 1 conversion

01: 2 transitions

10: 3 conversions

11: 4 transitions

19:15

JSQ4[4:0]

RW

Injection of the 4th transition in the sequence

The software configures the value of these bits. These
bits define the number of the 4th conversion channel in
the conversion sequence (0 to 23).

Note: Unlike a regular conversion sequence, if the
length of JL[1:0] is less than 4, the sequence order of
conversions starts with (4-JL).

For example: ADC_JSQR[21:0] = 10 00011 00011
00111 00010, means that the scan conversion will be
done in the following channel

Sequential conversion: 7, 3, 3, instead of 2, 7, 3

14:10

JSQ3[4:0]

RW

The software configures the value of these bits. Injection

of the 3rd conversion in the sequence

9:5

JSQ2[4:0]

RW

The software configures the value of these bits. Injection
of the 2nd conversion in the sequence

4:0

JSQ1[4:0]

RW

The software configures the value of these bits. Injection

of the 1st transition in the sequence

16.11.14. ADC injection data register x (ADC_JDRX) (x=1..4)

Address offset:0x40-4C

Reset value:0x0000 0000

31‘30‘29]28‘27‘26‘25‘24‘23‘22’21‘20’19‘18|17‘16

Res

15‘14‘13‘12‘11‘10‘9‘8 7‘6‘5‘4‘3‘2|1‘0
JDATA[15:0]
R
Bit Name R/W Reset Value Function
31:24 Reserved - - Reserved
Injection of channel conversion results
150 IDATA[L5:0] R 0 The software can read the value of these bits. These

bits are read-only and contain the conversion result of

the injected channel. Data is left or right aligned
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16.11.15. ADC Rule Data Register (ADC_DR)
Address offset:0x40-4C

Reset value:0x0000 0000

31‘30‘29|28‘27‘26|25|24‘23|22|21‘20|19‘18|17‘16
Res
15‘14‘13‘12‘11‘10‘9‘8‘7‘6‘5‘4‘3‘2|1‘0
DATA[15:0]
R
Bit Name R/W Reset Value Function
31:24 Reserved - - Reserved

Rule channel conversion results

The software can read the value of these bits. These
15:0 DATA[15:0] R 0 _ _
bits are read-only and contain the result of the conver-

sion of the rule channel. Data is left or right aligned

16.11.16. ADC Calibration Configuration and Status Register (ADC_CCSR)
Address offset:0x44

Reset value:0x0000 0000

31 30 29 28‘27‘26‘25‘24‘23‘22’21‘20’19’18‘17|16
CAL | CAP | OFF
ON. | SuC | suC Res
RO | RC_ | RC_

w1l | wi
15 14 13 12 11 10‘9‘8‘7‘6|5‘4|3|2‘1|0
CAL | CAL | CALSMP[1: | CAL Reserved
SET | BYP | 0] SEL
R | R_ RW RW
w1l | wi

Bit Name R/W Reset Value Function

Calibration flag to mark that ADC calibration
is in progress.

31 CALON RO 0 1: ADC calibration is in progress

0: ADC calibration has been completed or
ADC calibration has not been initiated

30 CAPSUC RC_W1 0 Capacitance calibration status bit.
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Bit

Name

R/W

Reset Value

Function

Indicates whether the ADC capacitance cali-
bration was successful. Hardware set to 1;
software write 1 set to O;

CALON=0, CALSEL=0,CALSUC=1: Invalid
state

CALON=0, CALSEL=0, CALSUC=0: CAPs
not calibrated

CALON=0, CALSEL=1, CALSUC =1: ADC
CAPs calibrated successfully

CALON=0, CALSEL=1, CALSUC =0: Cali-
bration of ADC CAPs failed

29

OFFSUC

RC_W1

Offset calibration status bit.

Indicates whether the ADC offset calibration
was successful. Hardware set to 1; software
write 1 set to 0;

CALON=0, CALSEL=0,0FFSUC=0: ADC
OFFSET calibration failed

CALON=0, CALSEL=0, OFFSUC=1: ADC
OFFSET calibration successful

CALON=0, CALSEL=1,0FFSUC=1: ADC
OFFSET calibration successful

CALON=0, CALSEL=1, OFFSUC=0: ADC
OFFSET calibration failed

28:16

Reserved

Reserved

15

CALSET

RC_W1

Calibration factor selection. Software write 1
set to 1 when CAL is 0. Hardware set to 0
when CAL is valid or injection/rule channel
SWSTART, JWSTART is valid.

1: Set CAL_CXIN data as the final calibra-
tion data

0: Close the path from CAL_CXIN to
CAL_CXOUT and select the result gener-
ated internally by the calibration circuit.

14

CALBYP

Calibration factor bypass. Software write 1
set to 1 when CAL is 0. Hardware set to 0
when CAL is valid or injection/rule channel
SWSTART, JWSTART is valid.

1: Calibration result is a reset value

0: Calibration result is self-calibration result

or calibration factor input value

13:12

CALSMP[1:0]

RW

Calibration sample time seletion

Configure the number of clock cycles for the
calibration sample phase according to the
following information:

00: 1 ADC clock period
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Bit Name R/W Reset Value Function
01: 2 ADC clock periods
10: 4 ADC clock periods
11: 8 ADC clock periods
The longer the period of the SMP configured
during calibration, the more accurate the cal-
ibration results, but this configuration can
lead to longer calibration periods
Calibration content selection bit for selecting
the content to be calibrated
11 CALSEL RW 0 o ) )
1: Calibration of OFFSET and linearity
0: Calibration of OFFSET only
10:0 Reserved - - Reserved
16.11.17. ADC register map
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17.

17.1.

17.2.

Liquid Crystal Controller (LCD)

Introduction

The LCD controller is a digital controller/driver for monochrome passive liquid crystal displays (LCDs)
with up to 8 common terminals (COM) and 40 zone terminals (SEG) to drive 160 (4x40) or 288
(8x36) LCD image elements. The exact number of terminals depends on the device pins described in
the datasheet.The LCD consists of a number of zones (pixels or full symbols) which can be lit or
switched off. Each segment contains a layer of liquid crystal molecules aligned between two elec-
trodes. When a voltage above the threshold voltage is applied to the liquid crystal, the corresponding
zone is visible. The zone voltage must be AC to avoid electrophoretic effects in the liquid crystal
(which would affect the display). Afterwards, waveforms must be generated at the ends of the zones
to avoid DC.

Glossary

Liquid Crystal (LCD): Passive display panel with terminals leading directly to the zones.

Common (COM): Electrical connection terminals to multiple zones.

Bias (BIAS): The voltage level used to drive the LCD, defined as 1/(the number of voltage levels to
drive the LCD display - 1).

ZONE (SEG): The smallest visible unit (the smallest constituent element, line or dot, on the LCD dis-
play).

Duty cycle (DUTY): a number defined as 1/(number of common terminals on the LCD display).
Frame: One cycle of the waveform written to the zone.

Frame rate: The number of frames per second, i.e. the number of times the LCD zone is excited per
second.

LCD main features

A Highly flexible frame rate control.

A Static, 1/2, 1/3, 1/4, 1/6 and 1/8 duty cycle support.

p>)

Support for 1/2 and 1/3 bias voltage.
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A LCD data RAM with up to 16 registers.
A Contrast ratio of LCD can be configured via software.
A 2 types of drive waveform generation
0 internal resistor divider, external resistor divider.
U  The power consumption of the internal resistor divider method can be configured via software

to match the capacitive charge required by the LCD panel.

p)

Low power mode support: LCD controller can be displayed in run, sleep and stop modes.

A Configurable frame interrupt.

>

Support for LCD blink function and configurable blink frequency

A Unused LCD zones and common pins can be configured as digital or analogue functions.

17.3. LCD block diagram

7T T T T T N ~N -
| Digital logic ) { ﬁ2329|
T 1| | ctrllogic | | |
‘L LSl —» | | |
. | |
: LSE ——» | | | | |
|
| RCC seL ! | Com_en Com_drv | ¢ | N |
N . N
————————— c
| Segen Seg drv l 8 | U l
>
I I & |l x|
| 4 A l | |
PCLK — v | | |
Other | |
DMA_WR_REQ<—: | Registers| |Handshake| | |
A
DMA_ACK —— > | | : |
o | | !
N ) N

Figuaiflee CD bl ock diagram

17.4. LCD clock
The LCD clock can be selected as LSI or LSE, and the input clock can be determined by LSCOSEL
and LSCOEN in the RCC_BDCR register.

17.5. LCD drive waveform
The LCD supports 5 duty cycle drive waveforms: static, 1/2, 1/3, 1/4, 1/6 and 1/8, which are set by
LCD_CRO. The LCD supports 2 types of Bias drive waveforms: 1/2, 1/3, set by LCD_CRO. The rec-
ommended combinations are shown in the table below:
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Tab 1171 L CD

supported drive wavef or ms
1/2 Duty 1/3 Duty 1/4 Duty 1/6 Duty 1/8 Duty
1/2 Bias P P Not recommended | Not recommended | Not recommended
1/3 Bias | Not recommended | Not recommended P P P

The drive waveforms in each mode are shown below:

17.5.1. Static drive waveforms

1 Frame
————————
LCD Clock |
v
COMO DD1
L Vss
Vop1
SEGO | Vas
\
SEG1 DD
L Vss
COMO-SEGO
ON
] +Vpp4
COMO-SEGO l V\;s
“VDD1
COM1-SEGO
OFF
+Vpp1
COMO-SEG1 V\%c,
“VDD1
Fi gulr7a2St atic drive wavefor ms

17.5.2. 1/2Duty 1/2Bias Drive waveforms

Fi gulr7dl/ 2Duty DIr/i ZBei amsavef or ms

17.5.3. 1/2Duty 1/3Bias Drive waveforms
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