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1. List of abbreviations for registers

Abbreviation

Description

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.

Read/Clear Write0 (RC_WO0)

Software can read as well as clear this bit by writing 0. Writing 1 has no effect on this bit.

Read/Clear Writel (RC_W1)

Software can read as well as clear this bit by writing 1. Writing 0 has no effect on this bit.

Read/Clear Write (RC_W)

The software can read and clear the bit by writing to the register. The value written to this
bit is not important.

Read/Clear by read (RC_R)

Software can read this bit. Reading this bit automatically clears it to 0. Writing this bit has
no effect on the bit value.

Read/Set by Read (RS_R)

Software can read this bit. Reading this bit automatically sets it to 1. Writing this bit has
no effect on the bit value.

Read/Set (RS)

Software can read as well as set this bit by writing 1. Writing 0 has no effect on this bit.

Toggle (T)

The software can toggle this bit by writing 1. Writing 0 has no effect.

Reserved (Res.)

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

3.1. System architecture

The system consists of:

A A Master
[ Cor tMOx

A Three Slaves
i I'nternal SRAM
i Internal Flash memory
i AHB wi t-APBHIBus bridge

GPIO Ports K N Flash memory interfacel N Flash memory
ABC N\ V \| V
]
o
LI SN
) SRAM
ARM 1 N
CortexM0+ K Systembus Bus matrix
Core
AHB l/ AHBto-APB bridge APB
SYSCEG
ADC
COMR,COMR,
TIML
TIML4
4--¢>Iliﬁil LPTIM
IWDG

<= | e
USART

A4 DBGMCU

Figai&ystem architecture

>

System bus

This bus connects the system bus of the Cortex-M0O+ core to a Bus matrix.

A Bus matrix
The bus matrix consists of Master (CPU) and Slaves (Flash memory, SRAM, and AHB-to-APB
bridge).

A AHB APB bus bridge

The AHB to APB bridge provides full synchronous connections between the AHB and the APB bus

and address mapping of the peripherals connected to this bridge.
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3.2. Memory organization

Program memory, data memory, registers and I/O ports are organized within the same linear 4 GB address

space. The bytes are coded in memory in Little Endian format (the lowest numbered byte in a word is

considered the wordy s least significant byte).

The addressable memory space is divided into 8 main blocks, each of 512 MB.

OXFFFF FFFF

Block7

OxEDOO 0000

ARM Cortex 1+
Internal periphrals

Block6

0x@00 0000

Block5

0xA000 0000

Block4

0x8000 0000

Block3

0x6000 0000

Block2

0x4000 0000

Blockl

0x2000 0000

Block0

User space

Reserved space

IOPORT

AHB

APB

Periphrals

Reserved

User OTP

Reserved

Factory configbytes

Factory configbytes

Option bytes

KRAM

uiD

0x0000 0000

Code

Reserved

Main flash

Addressable space

Main flast
Loadflash
RKRAM

0x5001 FFF
0x5000 0000

0x40023008

0x4002 0000

0x4001587F

0x4000 0000

Ox1FFF FFFH
Ox1FFFO300
Ox1FFF0280
Ox1FFF0200
Ox1FFFO180
Ox1FFFO100
Ox1FFFO080
Ox1FFFO000

0x08005FFF

0x0800 0000
OxO0005FFF

0x0000 0000

Fi g32®Memory map
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Tab3lkeMemory

boundary

addr ess

Type Boundary address Size Memory area Descriptions
SRAM 0x2000 C000-0x3FFF FFFF - Reserved -
0x2000 0000-0x2000 OBFF 3 KB SRAM -
O0x1FFF 0300-0x1FFF FFFF - Reserved -
Ox1FFF 0280-0Ox1FFF 02FF 128 Bytes USER OTP memory Store user data
Store trimming data (including
Ox1FFF 0180-0x1FFF O1FF 128 Bytes Factory configuration bytes 1 | HSI trimming) and power-on
verification code reading
HSI trimming data, Flash
Ox1FFF 0100-Ox1FFF 017F 128 Bytes Factory configuration bytes 0 | erase/write time configuration
parameters
Ox1FFF 0080-OxLFFF OOFF | 128 Bytes | Option bytes Software and hagwalQgotion
Code bytes information
Ox1FFF 0000-0x1FFF 007F 128 Bytes uiD Unique ID
0x0800 6000-0x1FFE FFFF - Reserved -
0x0800 0000-0x0800 5FFF 24 KB Main flash -
0x0000 6000-0X07FF FFFF - Reserved -
Depending on the Boot con-
figuration:
0x0000 0000-0x0000 5FFF 24 KB 1. Main flash -
2. Load flash
3. SRAM

The address is marked as Reserved, which cannot be written, read as 0, and a response error is generated.

Tab32Z2Peri pher al

register

addr ess

Bus Boundary address Size Peripheral
OxEO000 0000-0xEOOF FFFF - MO+
0x5000 0C00-0x5FFF FFFF - Reserved
0x5000 0800-0x5000 OBFF 1KB GPIOC

IOPORT

0x5000 0400-0x5000 07FF 1KB GPIOB
0x5000 0000-0x5000 03FF 1KB GPIOA
0x4002 3400-0x4FFF FFFF - Reserved
0x4002 300C-0x4002 33FF Reserved
0x4002 3000-0x4002 3008 LKe CRC
0x4002 2400-0x4002 2FFF - Reserved
0x4002 2000-0x4002 23FF 1 KB Flash
0x4002 1C00-0x4002 1FFF - Reserved

N 0x4002 1900-0x4002 1BFF Reserved
0x4002 1800-0x4002 18FF LKe EXTI
0x4002 1400-0x4002 17FF - Reserved
0x4002 1080-0x4002 13FF Reserved
0x4002 1000-0x4002 107F LB RCC
0x4002 0000-0x4002 OFFF - Reserved
0x4001 5C00-0x4001 FFFF - Reserved
0x4001 5880-0x4001 5BFF Reserved

APB 1 KB
0x4001 5800-0x4001 587F DBG
0x4001 3C00-0x4001 57FF - Reserved

17/271



PY32F002B-C Reference Manual

Bus Boundary address Size Peripheral
0x4001 381C-0x4001 3BFF Reserved
0x4001 3800-0x4001 3018 LB USART1
0x4001 3400-0x4001 37FF - Reserved
0x4001 3010-0x4001 33FF Reserved
0x4001 3000-0x4001 300C LKE SPI1
0x4001 2C50-0x4001 2FFF Reserved
0x4001 2C00-0x4001 2C4C LKE TIM1
0x4001 2800-0x4001 2BFF = Reserved
0x4001 270C-0x4001 27FF Reserved
0x4001 2400-0x4001 2708 LB ADC
0x4001 0400-0x4001 23FF - Reserved
0x4001 0220-0x4001 O3FF Reserved
0x4001 0200-0x4001 021F 1KB COMP1/2
0x4001 0000-0x4001 O1FF SYSCFG
0x4000 8000-0x4000 FFFF - Reserved
0x4000 7C28-0x4000 7FFF Reserved
0x4000 7C00-0x4000 7C24 LKE LPTIM
0x4000 7400-0x4000 7BFF - Reserved
0x4000 7018-0x4000 73FF Reserved
0x4000 7000-0x4000 7014 LKE PWR
0x4000 5800-0x4000 6FFF - Reserved
0x4000 5434-0x4000 57FF Reserved
0x4000 5400-0x4000 5430 W 12C
0x4000 3400-0x4000 53FF - Reserved
0x4000 3014-0x4000 33FF Reserved
0x4000 3000-0x4000 0010 LKe IWDG
0x4000 2400-0x4000 2FFF - Reserved
0x4000 2054-0x4000 23FF Reserved
0x4000 2000-0x4000 0050 LK® TIM14
0x4000 0000-0x4000 1FFF - Reserved

3.3.Embedded SRAM
PYF002B-C series feature 3 KB SRAM. It is accessed by byte (8 bits), half-word (16 bits) or word (32 bits).
Accessing memory outside the defined address range generates a HardFault interrupt.
3.4.Flash memory
The Flash memory is composed of two distinct physical areas:
A The Main flash area: 24 KB, consisting of applicat.i
User Bootloader through customer settings.
A 0.75 KB of Information area:

i Factorg. clonmtfées 0, 128 Bytes, used to store:
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- HSI frequency selectiofmrivadiumeg amd ucceor r espon

- Configuration parameter values of erase and

cies of HSI
i Factory config. bytes 1, 128 Bytes, used to s
- Powwon verification code reading

i UID: 128 Bytes, used to store the UID

i Option byte: 128 Bytes, used to store configu

i User OTP memory: 128 Bytes, used to store use
Flash interface realizes instruction reading and data access based on AHB protocol, and it also realizes
basic write/erase operations of flash through registers.

3.5.Boot modes

At startup, the nBOOTO pin and nBOOT1 (stored in option bytes) are used to select one of the three boot

options in the following table:
Tab3-3*Boot configuration

Boot modes Mode
nBOOT1 bit nBOOTO bit Boot memory size = = Boot memory size !=0
X 0 Boot from Main flash Boot from Main flash
0 1 Boot from SRAM Boot from SRAM
1 1 N/A Boot from Load flash

After this startup delay has elapsed, the CPU fetches the top-of-stack value from address 0x0000 0000,
then starts code execution from the boot memory at 0x0000 0004. Depending on the selected boot mode,
Main flash memory, system memory or SRAM is accessible as follows:

A Boot from Main flash: the Main flash memory is

still accessible from its original memory space

di ng

wr

t or e

rat.i
r de

alia
( 0 x

tents xanedered starting from address 0x0000 0000 or

A Boot from Load flash: the Load flash memory is
still accessible from the following address dep

User Boot loader Access address

None None

1 KB 0x0800 5C00-0x0800 5FFF

2 KB 0x0800 5800-0x0800 5FFF

3 KB 0x0800 5400-0x0800 5FFF

4 KB 0x0800 5000-0x0800 5FFF

A Boot from SRAM: the SRAM is aliased in the boot
si blne iftrso ori gi nal memory space (0x2000 0000) .

3.5.1. Memory physical mapping

Once the boot mode is selected, the application software can modify the memory accessible in the code
area. This modification is performed by programming the MEM_MODE bits in the SYSCFG_CFGR1 (see
the SYSCFG chapter for details).
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4. Embedded Flash memory

4.1. Flash main features
Main flash block: maximum 24 KB (6 K x 32 bits)

I nformation block: 0.75 KB (192 x 32 bits)

> >

A Page size: 128 Bytes
A Sector size: 4 KB

Flash memory interface features:

>

Fl asgrmamo/ erase operation
A Write protection
A Read protection

4.2. Flash memory functional description

4.2.1. Flash memory organization
The Flash memory is organized as 64-bit wide memory cells that can be used for storing both code and
data constants. The Page size is 128 Bytes and the Sector size is 4 KB.

Functionally, it can be devided into Main flash (max capacity 24 KB) and Information flash (max capacity
0.75 KB).

The Page erase operation can be applied to the Main flash.

If write protection is set, Mass erase can be applied to Main flash.

Tab4lFl ash structure and boundary address

Block Sector Page Base address Size

Sector 0 Page 0-31 0x0800 0000-0x0800 OFFF 4 KB

Sector 1 Page 32-63 0x0800 1000-0x0800 1FFF 4 KB

) Sector 2 Page 64-95 0x0800 2000-0x0800 2FFF 4 KB

Main flash Sector 3 Page 96-127 0x0800 3000-0x0800 3FFF 4 KB

Sector 4 Page 128-159 0x0800 4000-0x0800 4FFF 4 KB

Sector 5 Page 160-191 0x0800 5000-0x0800 5FFF 4 KB
uiD Page 0 Ox1FFF 0000-0x1FFF 007F 128 Bytes
Option byte Page 1 Ox1FFF 0080-0x1FFF O0FF 128 Bytes
Factory config O Page 2 Ox1FFF 0100-Ox1FFF 017F 128 Bytes
Factory config 1 Secly© Page 3 Ox1FFF 0180-Ox1FFF O1FF 128 Bytes
Reserved Page 4 Ox1FFF 0200-Ox1FFF 027F 128 Bytes
USER OTP memory Page 5 Ox1FFF 0280-0x1FFF O02FF 128 Bytes

4.2.2. Flash read operation and access latency

The embedded Flash module can be addressed directly, as a common memory space. Through the special

read control timing, the contents of the Flash memory can be read.

The instruction fetch and data access are both done through the AHB bus. Read accesses can be per-
formed through the Latency of the FLASH_ACR register, that is, number of wait states for a correct read
operation is zero or one. When Latency is set as zero, wait state of the Flash read operation is not added.
When set as one, one wait state is added. This mechanism is specially designed to match the high-speed

system clock and the relatively low Flash read speed.
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4.2.3. Flash program and erase operations

The Flash memory can be programmed using in-circuit programming (ICP) or in-application programming
(IAP).
ICP: 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 microcontroller. ICP offers quick and efficient design iterations.

IAP: using any communication interface supported by the microcontroller to download programming data
into Flash memory. IAP allows the user to re-program the Flash memory while the application is running.
Nevertheless, 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/erase operation to the Flash memory, any attempt to read the Flash memory will stall the
bus. The read operation will proceed correctly once the program/erase operation has completed. This

means that code or data fetches cannot be made while a program/erase operation is ongoing.
For program and erase operations on the Flash memory (write/erase), the HSI must be ON.

4.2.3.1. Unlocking the Flash memory
After reset, the Flash memory is protected against unwanted (caused by electrical interference) write or
erase operations. The FLASH_CR register is not accessible in write mode, except for the OBL_LAUNCH
bit, used to reload the option bits. An unlocking sequence should be written to the FLASH_KEYR register
to open the access to the FLASH_CR register.
This is done in the following steps:
Step 1:write KEY1=0x4567 0123 to FLASH_KEYR register
Step 2:write KEY2=0xCDEF 89AB to 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 HardFault 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 to 1.
In addition, the FLASH_CR register cannot be written when the BSY bit of the FLASH_SR register is set.
Meanwhile, any attempt to write FLASH_CR register will cause the AHB bus to stall until the BSY bit is
cleared.

4.2.3.2. Flash memory programming

Flash memory writes the entire page in word (32-bit) units at a time.

Attention:It must be in word units. Performing half-word or byte operations will produce HardFault!
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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 attempt to write data that are not full word long will result in

a bus error generating a HardFault interrupt.

If the addressed Main Flash memory location is write-protected by the FLASH_WRPR register, the program
operation is skipped and a warning is issued by the WRPRTERR bit in the FLASH_CR register. In addition,
when part of the Main flash area is used as Load flash, the program operation will be ignored for the selected
area, and the WRPRTERR bit of the FLASH_CR register will also be set. The end of the program operation
is indicated by the EOP bit in the FLASH_SR register.

The Flash memory programming sequence is as follows:

1. Check that no Main flashgméemorchecpéengtitdwhre BSYomdgai
register.

2. I f there is no flash erase or program operation in
(this step is performed if the Page already has dat

3. WriKEY1l and KEY2 to the FLASH_KEYR register to unl oc

4, Setthe PG bit and EOPIE bit in the FLASH_CR register

5 Write théwadastistobo3tthe dest i nbaitti omr iatdedsr easrse (aond eyp t3e2d

6. Set the PGSEHRT FLIASSHIL_. LR regi ster

7. Write "twoe d32

8 Wait wuntil the BSY bit is reset in the FLASH_ SR reg

9. Check the EOP flag in the FLASH_SR register (it i s
ceeded) , and then clear it by software

10. I f the programenderaheoRG bit wildl be cleared by so

11. Whenhe step 7 is carried out, the program operatior

simultaneousl| y.

12. FIl ash memory erase

Flash memory can be erased according to page, or can be erased by sector erase and mass erase (sector

erase and mass erase do not work on information memory).
4.2.3.3. Page erase

When a page is write-protected, it will not be erased and the WRPERR bit is set. In addition, when part of

the Main flash area is used as Load flash, the program operation will be ignored for the selected page, and

the WRPRTERR bit will also be set. A page erase operation needs to perform the following steps:

1. Check that no main Flash memory operation is ongoi
register.

Write KEY1l and KEY2 to the FLASH_ _KEYR register to u
Setthe PER bit and EOPIE bit in the FLASH_ CR registe
Write arbitrary data-btdo tdhta) Page (must be 32

Wait for the BSY bit to be cleared.

Check @Omaftl &g bit i s set

Clear EOP fl ag

N o o b~ N
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4.2.3.4. Mass erase

Mass erase is used to erase the entire Main flash, but it does not work on the Information area. Further,
when WRP is enabled, the mass erase function is invalidated, no mass erase operation is generated, and
the WEPERR bit is set. In addition, when some Main flash areas are used as Load flash, the mass erase

function is invalid, no mass erase operation will be generated, and the WEPERR bit will also be set.

The steps for mass erase are as follows:
Check tbhetB8Y confirm if there are ongoing FI
Write KEY1l and KEY2 to the FLASH KEYR register

Write anybidtatdaat(a3)2 to aey Main flash spac
Wait for the BSY bit to be cleared.
Check that EOP flag bit is set

Clear EOP fl ag

N o g bk~ w0 DdPRE

4.2.3.5. Sector erase

Sector erase is used to erase 4 KB of Main flash, but it does not work on the information area. In addition,
when a sector is protected by WRP, it will not be erased, and the WRPERR bit is set at this time. In addition,
when part of the Main flash area is used as Load flash, the program operation will be ignored for the selected
page, and the WRPERR bit will also be set.

The steps for sector erase are as follows:

Write KEY1l and KEY2 to the FLASH_ _KEYR register

Write arbitrary data to this sector
Wait for the BSY bit to be cleared.
Check that EOP flag bit is set
Clear EOP fl ag

N o g b~ wDdh P

Information memory except that the user programs memory once is read-only and will never be pro-
grammed/erased.

4.2.3.6. Write and erase time configuration
The time of Flash program and erase needs to be strictly controlled, otherwise the operation will fail. The
software needs to read out the data from the corresponding info area address, and then write it to the
corresponding register to realize the configuration of the required erasing and writing time. When the HSI
output frequency is changed, the Flash program and erase time control registers need to be properly con-

figured according to the following table.
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Tab4-2Pr ogram aenti measonfiguration

Regi st HSI'4cMHzespo HSI_ 8 MHz corrHSI' 24 MHz <cor HSI' 48 MHz cor 1
info area 4 info area 31 info area ad info area ad
TSO OX1FFF 0158 OX1FFF 016C O0X1FFF 011C OXx1FFF 0130
Ta OX1FFF 0158 O0Xx1FFF 016C O0X1FFF 011C Ox1FFF 0130
Ts2pP O0X1FFF 015C OXx1FFF 0170 O0X1FFF 0120 OXx1FFF 0134
TPS3 O0X1FFF 015C OXx1FFF 0170 O0X1FFF 0120 OXx1FFF 0134
TS3 OX1FFF 0158 O0X1FFF 016C O0X1FFF 011C Ox1FFF 0130
PERTPE|OX1FFF 0160 OX1FFF 0174 OX1FFF 0124 OX1FFF 0138
SMERTP|{OXx1FFF 0164 OXx1FFF 0178 OXx1FFF 0128 O0X1FFF 013C
PRGTPE|OXx1FFF 0168 OX1FFF 017C O0Xx1FFF 012C OX1FFF 0140
PRETPE|OXx1FFF 0168 OXx1FFF 017C O0Xx1FFF 012C OXx1FFF 0140
4.3.Unique device ID (UID)
Typical application scenarios of unique identification code:
A Used as a serial number
A When programming internal fl ash memory, use i
security
A To activate secure boot processes, et c.

The UID provides a reference number that is unique to any device.

The user can never change these bits. Unique identifiers can also be read in different ways, such as

byte/half word/word, and then concatenated using custom algorithms.
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4.4.Flas

h option bytes

4.4.1. Flash option byte

Part of the information area of Flash is used as option bytes, which are configured by the end user depend-

ing on the application requirements. As a configuration example, the watchdog may be selected in hardware

or software mode.

For data security, option bytes are stored separately in its real and complement code form.

Tab4-30Option byte for mat
31 [ 30 [ 29 | 28 | 27 | 26 | 25 | 24 23 | 22 [ 21 ] 20 | 19 ] 18 | 17 | 16
Complemented option byte 1 Complemented option byte O
15 [ 14 [ 13 [ 12 [ 112 | 10 | 9 | 8 7 ] 6 ] 5] 4 [ 3] 2TJ]17] o
Option byte 1 Option byte 0

The software can read the option bytes from these flash memory locations or from their corresponding

option registers referenced in the table.

A Flash user option register (FLASH_OPTR)
A Flash SDK area address register (FLASH_SDKR)
A Flash boot cd&ELASHI_ BTER)st er (
A Flash WRP area address register (FLASH_WRPR)
Tab4-40pti on byte organization
Word address Description
Ox1FFF 0080 User option byte and complemented code
Ox1FFF 0084 SDK area address option byte and complemented code
Ox1FFF 0088 Boot control option byte and complemented code
Ox1FFF 008C WRP address option byte and complemented code
Ox1FFF 0090 Reserved
Ox1FFF 0094 Reserved
é Reserved
é Reserved
é Reserved
Ox1FFF OOFC Reserved
A Optiypymned for Flash user options

Flash memory address: Ox1FFF 0080
Production value: 0x4F55 BOAA

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

selection byte area of the Flash information memory and written to the corresponding option bit of the reg-

ister.
31 30 29 28 27‘26‘25 24 23‘22‘21‘20‘19|18‘17‘16
NRST_ | _ ~WDG | _ | ~BOR_
~wpG_stop | 35T SWD_MODE " BOR_LEV[20] | "o Res
R R R R R R -
15 14 13 12 11 J10] 9 8 7]6]5]4]3]2]17]o0
NRST_ IWDG _ BOR_
IWDG_STOP OLE SWD_MODE W BOR_LEV[2:0] o Res
R R R R R R
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Bit Name R/W Function
31 ~IWDG_STOP R Complemented code of IWDG_STOP
30 ~NRST_MODE R Complemented code of NRST MODE
29 ~SWD_MODE R Complemented code of SWD_MODE
28 ~IWDG_SW R Complemented code of IWDG_SW
27:25 ~BOR_LEV[2:0] R Complemented code of BOR_LEV
24 ~BOR_EN R Complemented code of BOR_EN
23:16 Reserved - -
Set the running state of IWDG timer in Stop mode
15 IWDG_STOP R 0: Freeze timer
1: Normal operation
14 NRST_MODE R NRST_MODE SWD_MODE
0 X:PCO:NRST PB6:SWD
13 SWD_MODE R 1 0:PCO0:GPIO PB6:SWD
1 1:PCO:SWD PB6:GPIO
0: Hardware window watchdog
12 IWDG_SW R 1: Software window watchdog
000:BOR rising threshold is 1.8V and falling threshold is 1.7V
001:BOR rising threshold is 2.0V and falling threshold is 1.9V
010:BOR rising threshold is 2.2V and falling threshold is 2.1V
. . 011:BOR rising threshold is 2.4V and falling threshold is 2.3V
11:9 BOR_LEV[2:0] R | 100:BOR rising threshold is 2.6V and falling threshold is 2.5V
101:BOR rising threshold is 2.8V and falling threshold is 2.7V
110:BOR rising threshold is 3.0V and falling threshold is 2.9V
111:BOR rising threshold is 3.2V and falling threshold is 3.1V
BOR enabled
8 BOR_EN R 0:BOR disabled
1:BOR enabled, BOR_LEV works
7:0 Reserved - -
A FlasikK @bea address option byte

Flash memory address: Ox1FFF 0084
Production value: OxFFF8 0007

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

option byte 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 ~SDK_END[3:0] Res Res Res Res ~SDK_STRTI[3:0]

- - - - 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 SDK_ENDI[3:0] Res Res Res Res SDK_STRT[3:0]

- - - - R | R [ R R - - - - R]IRJ[RT]J] R

Bit Name R/W Function

31:28 Reserved - -

27:24 ~SDK_ENDJ[3:0] R Complemented code of SDK_END

23:20 Reserved - -

19:16 ~SDK_STRTJ[3:0] R Complemented code of SDK_STRT

15:12 Reserved - -

11:8 SDK_END[3:0] R Stop address of SDK area, STEP corresponding to each bit is 2 KB

7:4 Reserved - -

3.0 SDK_STRT[3:0] R Start address of SDK area, STEP corresponding to each bit is 2 KB

A Option byte for FLASH boot control

Flash memory address: Ox1FFF 0088
Production value: OxFFFF 0000

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

option byte 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
~BOOT_SIZE
~nBOOT1 ~BOOTO Res Res Res | Res | Res Res Res Res Res Res Res [E'O]
R R - - - - - R ITRIR
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 [ 1 7Jo
nBOOT1 BOOTO. Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | BOOT_SIZE [2:0]
R R - - - - - - - - - - - R ] R [R
Bit Name R/W Function
31 ~nBOOT1 R Complemented code of nBOOT1
30 ~ BOOQOTO0 R Complemented code of BOOTO
29:19 Reserved - -
18:16 ~BOOT_SIZE [2:0] R Complemented code of BOOT_SIZE
Boot mode of nBOOT1 / BOOTO
15 nBOOT1 R X0:Boot from Main flash
11:Boot from Load flash
14 BOOTO R 01:Boot from SRAM
13:3 Reserved - -
Select Main flash area as Load flash
000: No Load flash area
001:1 KBe 0x0800 5C00-0x0800 5FFFC
2:0 BOOT_SIZE [2:0] R 010:2 KBe 0x0800 5800-0x0800 5FFFZ
011:3 KBe 0x0800 5400-0x0800 5FFF(
1xx:4 KBe 0x0800 5000-0x0800 5FFF(

A Flash-pwonitteeted address
Flash memory address: Ox1FFF 008C
Production value:0xFFCO 003F

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

option byte 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 ~WRPI[5:0]
- - - - - - - - - - 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 Res Res WRP[5:0]
- - - - - - - - - - RIR]IJR]IR]JRIJR

Bit Na me R/ W Functi on
3122 Reserved - -
2116 ~ WRP R Compl ementoefd WRH e
1% Reserved - -
0: sector [y] is protected
5:0 WR P R lsector[y] is wunprotected
y = &

4.4.2. Flash option bytes

After reset, the bits associated with the option bytes in the FLASH_CR register are write-protected. The
OPTLOCK bit in the FLASH_CR register must be cleared before relevant operations can be performed on

the option byte.

The following steps are used to unlock the register:

1. Unlock write protection of the FLASH_ _CR register

2. Write OPTKEY1l = 0x0819 2AVB rtegitshteerFLASH_OPTKE

3. Write OPTKEY2 = 0x4C5D 6E7F to the FLASH_OPTKEYR

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 HardFault interrupt is generated.

User option (the option byte of information flash) can be protected by software writing the OPTLOCK bit of

the FLASH_CR register to prevent unwanted erase or write operations.
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If the software sets the Lock bit, the OPTLOCK bit is also automatically set.

Modify user's option bytes

The write operation of the option byte is different from the operation of the Main flash. To modify the option

bytes, the following steps are needed:

1. Clear the OPTLOCK bit using the previously descri
2. Check the BSY bihete aeaorf nomotbatng Flash operati

b e

o n

3. Write the desired value (1 to 4 word$HFLASH KR pt i

FLASH_B/MFCRSH_WRP
Set OPTSTRT bit

Wait for the BSY bit to be cleared.

4
5 Write -bhy 8a@ta to the Main flash 0x4002r22080 naddr es
6
7

Wait for the EOP to rise, the software clears

For any changes to the option byte, the hardware will first erase the entire page corresponding to the option
byte, and then write it to the option byte with the values of the FLASH OPTR, FLASH_SDKR,
FLASH_BTCR or FLASH_WRPR registers. The hardware automatically calculates the corresponding com-
plement code and writes the calculated value to the corresponding area of the option byte.

Reload option bytes

After the BSY bit is cleared, all new option bytes are written to the Flash information memory, but are not
applied to the system. A read operation on the option byte register still returns the value in the last loaded

option byte. Only when they (new values) are loaded do they work on the system.

The loading of option bytes occurs in the following two cases:

A When the OBL_LAUNCH bit in the FLASH_CR register

A After -opnpoweerset ( POR, BOR)

The operation performed by Load Option Byte is to read the option byte in the information memory area,
and then store the read data in the internal option register (FLASH_OPTR, FLASH_SDKR, and
FLASH_WRPR). These internal registers configure the system and can be read by software. Setting the
OBL_LAUNCH bit generates a reset, so that the loading of option bytes can be performed under the system

reset.

Each option bit has a corresponding complemented code at its same double-word address (next half-word).
During the option byte load, the option bit and its complementedc ode are verified, which ensures that the
load is carried out correctly.

If the word and its complement are matching, the option word/byte is copied into the option register.

If the word and its complement are not matching, the OPTVERR status bit of the FLASH_SR register is set.
The option register maintains its default value:

A For user options

i BOR_LEV is written as 000 (!l owest threshol d)

i s

i The BOR_EN bit is written as 0O (BOR not enabl ed)

i The NRST_MODE bit is written as 0 (reset input

i The rest of t he amwies marticthteedn vaas ule s
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A For the SDK address option, SDKR_STRT [ 3: 0] 0x0
space is set to SDK

A For Flash boot startup selection
i nBOOT1, BOOTO bits are written as 00 (that i , Me
i ThBOOT_SIZE bit is written as O (i.e., no Load fI

A For WRP option, the mismatched value is the default

After the system reset, the contents of the option bytes are copied to the following option registers (software

readable and writable):

A FLASH_OPTR

A FLASH_SDKR

A FLASH_BTCR

A FLASH_WRPR

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

embody the state of the system options.

4.5. Flash config bytes

A partial section (2 pages in total) of the Flash information area in the chip is used as the Factory config.

bytes use.

Page 2 stores information for software to read (only the code, not its complement is stored):

A HSI frequency selectiotrivenimegy avmad ucceor responding

A Configuarmamememp values of erase and write time corr

A

Tri mming value corresponding to different frequenci

Page 3 stores hardware factory information (the word and its complement storage):
A Powem verificaadongcode

A Hardwaimang configuration value

For data security, Page 3's Factory config. bytes are stored separately in the form of the word and its

complement.
Tab4-eFactory config. bytes configuration
Page | Word Address Contents
0-3 0x1FFF 0000-0x1FFF 000F uiD
4-7 Ox1FFF 0010-0x1FFF 001F Reserved
8 Ox1FFF 0020 1.2 V Vrefint (decimal with positive upper 16 bits)
9-10 | Ox1FFF 0024-Ox1FFF 002B Reserved
0 11 Ox1FFF 002C 1.5 V Vrefbuf trimming value (upper 16 positive decimal)
12 Ox1FFF 0030 2.048 V Vrefbuf trimming value (upper 16 digits are positive decimal)
13 Ox1FFF 0034 2.5V Vrefbuf trimming value (upper 16 digits are positive decimal)
14-31 | Ox1FFF 0038-0x1FFF 007F Reserved
0 OX1EEE 0100 fr,itr?qrneﬁnlaigfjeg/le frequency selection control and corresponding
5 1 OXLEEE 0104 tsr;%r;?nlg%;?USegﬂHz frequency selection control and corresponding
5 OX1EEE 0108 ﬁ;%r;?ngigﬁugﬂst frequency selection control and corresponding

29/271



PY32F002B-C Reference Manual

Page | Word Address Contents
3 OXLEEE 010C Syoreg HSI 8 MHz frequency selection control and corresponding
trimming values
4 Ox1FFF 0110 Reserved
5 Ox1FFF 0114 Normal temperature temperature sensor data
6 Ox1FFF 0118 High Temperature Sensor Data
Store the configuration values of the corresponding FLASH_TSO,
7 Ox1FFF 011C FLASH_TS1 and FLASH_TS3 registers at the frequency of HSI 24
MHz
Store the configuration values of corresponding FLASH_TS2P and
8 Ox1FFF 0120 -
X FLASH_TPS3 registers at HSI 24 MHz frequency
9 Ox1FEF 0124 Stores the configurati(_)n value of the corresponding
FLASH_PERTPE register at the frequency of HSI 24 MHz
10 OXx1EEE 0128 Stores the configuration value of the corresponding
FLASH SMERTPE register at the frequency of HSI 24 MHz
Store the configuration values of the corresponding
11 Ox1FFF 012C FLASH_PRGTPE and FLASH_PRETPE registers at HSI 24 MHz
frequency
Store the configuration values of the corresponding FLASH_TSO,
12 O0x1FFF 0130 FLASH_TS1 and FLASH_TS3 registers at the frequency of HSI 48
MHz
Store the configuration values of the corresponding FLASH_TS2P
13 | OxIFFF 0134 and FLASH_TPS3 registers at HSI 48 MHz frequency
Stores the configuration value of the corresponding
14 Ox1FFF 0138 FLASH PERTPE register at the frequency of HSI 48 MHz
Stores the configuration value of the corresponding
15 OXIFFF 013C FLASH_SMERTPE register at the frequency of HSI 48 MHz
Store the configuration values of the corresponding
16 Ox1FFF 0140 FLASH_PRGTPE and FLASH_PRETPE registers at HSI 48 MHz
frequency
17-21 | Ox1FFF 0144-0x1FFF 0154 Reserved
Store the configuration values of the corresponding FLASH_TSO,
22 Ox1FFF 0158 FLASH_TS1 and FLASH_TS3 registers at the frequency of HSI 4
MHz
Store the configuration values of the corresponding FLASH_TS2P
23 Ox1FFF 015C ) -
and FLASH_TPS3 registers at HSI 4 MHz frequency
24 OX1FFF 0160 Stores the configuratipn value of the corresponding
FLASH_PERTPE register at the frequency of HSI 4 MHz
25 OX1FFF 0164 Stores the configuration_ value of the corresponding
FLASH_SMERTPE register at the frequency of HSI 4 MHz
Store the configuration values of the corresponding
26 Ox1FFF 0168 FLASH PRGTPE and FLASH_PRETPE registers at HSI 4 MHz fre-
guency
Store the configuration values of the corresponding FLASH_TSO,
27 Ox1FFF 016C FLASH_TS1 and FLASH_TS3 registers at the frequency of HSI 8
MHz
Store the configuration values of the corresponding FLASH_TS2P
28 Ox1FFF 0170 ) -
and FLASH_TPS3 registers at HSI 8 MHz frequency
29 OX1FFF 0174 Stores the configuratipn value of the corresponding
FLASH_PERTPE register at the frequency of HSI 8 MHz
30 OX1FFF 0178 Stores the configuration_ value of the corresponding
FLASH_SMERTPE register at the frequency of HSI 8 MHz
Store the configuration values of the corresponding
31 Ox1FFF 017C FLASH PRGTPE and FLASH_PRETPE registers at HSI 8 MHz fre-
guency
0 Ox1FFF 0180 Read check code 0X55AA AA55
1 Ox1FFF 0184 Power on read check code OXAAS5 55AA
3 2 Ox1FFF 0188 Read check code 0x55AA AA55
3 Ox1FFF 018C Power on read check code OxAAS5 55AA
4 Ox1FFF 0190 PMU trimming bit and complemented code
5 Ox1FFF 0194 PMU trimming bit and complemented code
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Page | Word Address Contents

6 Ox1FFF 0198 PMU trimming bit and complemented code

7 Ox1FFF 019C Reserved

8 OX1EEE 01A0 Syores HSI 24 MHz f(equency selection control and corresponding
trimming values and its complemented code

9 OX1FEE 01A4 LSI 32.768 kHz frequency selection control and corresponding trim-
ming value and its complemented code

10 Ox1FFF 01A8 Reserved

11 Ox1FFF 01AC Reserved

12 Ox1FFF 01BO Reserved

13 Ox1FFF 01B4 Reserved

14 Ox1FFF 01B8 Flash trimming and complemented code

15 Ox1FFF 01BC Flash trimming and complemented code

16 Ox1FFF 01CO0 Flash trimming and complemented code

17 Ox1FFF 01C4 Flash trimming and complemented code

18 Ox1FFF 01C8 Flash trimming and complemented code

19 Ox1FFF 01CC Flash trimming and complemented code

20 Ox1FFF 01D0 TS trimming and complemented code

21 Ox1FFF 01D4 Reserved

22 Ox1FFF 01D8 Reserved

23 Ox1FFF 01DC Reserved

24 Ox1FFF O1EO Reserved

25 Ox1FFF O1E4 Reserved

26 Ox1FFF O1ES8 Reserved

27 Ox1FFF O1EC Reserved

28 Ox1FFF 01F0 Reserved

29 Ox1FFF 01F4 Reserved

30 Ox1FFF 01F8 Device ID code

31 Ox1FFF 01FC Reserved

45.1. HSI_TRIMMING _FOR _USER
Address: Ox1FFF 0104(48 MHz)/0x1FFF 0100(24 MHz)/ Ox1FFF 0108(4 MHz)/ Ox1FFF 010C(8 MHZz)

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

HSI_FS[2:0] HSI TRIM[12:0]
R R | R R | R ] R [R [R | R ] R T RT RJTRIJITRIJ]IRITR

The software needs to read the data from this address and then write it to HSI_FS [2: 0] and HSI_TRIM

[12: 0] corresponding to the RCC_ICSCR register to change the HSI frequency.

4.5.2. HSI_48M/24M/4AM/8M_EPPARAO

Flash address: Ox1FFF 0130(48 MHz)/0x1FFF 011C(24 MHz)/ Ox1FFF 0158(4 MHz)/ Ox1FFF 016C(8 MHz)

31 30 29 28 27 | 26 | 25 | 24 [ 23 | 22 J21] 20 J 19 [ 18 | 17 [ 16

Res Res Res Res TS1[9:0] TS3[8:7]

- - - - 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
TS3[6:0] TS0 [8:0]

R | R ] R ] R ] R R |R R | R ] R [RI R J]RITRJ[R] R
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The software needs to read data from the corresponding address according to the required HSI clock fre-
quency, and then write it to the FLASH _TSO, FLASH TS1, and FLASH _TS3 registers to realize the
configuration of the erasing and writing time required for the corresponding HSI frequency.

4.5.3. HSI_48M/24M/4AM/8M _EPPARA1

Flash address: Ox1FFF 0134(48 MHz)/0x1FFF 0120(24 MHz)/0x1FFF 015C(4 MHz)/ OX1FFF 0170(8 MHz)
31 30 29 28 27 | 26 | 25 [ 24 | 23 [ 22 [ 21 [ 20 | 19 | 18 [ 17 [ 16
Res Res Res Res TPS3[11:0]
- - - - 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
Res Res Res Res Res Res Res TS2P [8:0]
- - - R [RIRIRJRIJIJTRJTRIJIRI] R

The software needs to read data from the corresponding address according to the required HSI clock fre-

quency, and then write it to the FLASH_TS2P and FLASH_TPS3 registers to realize the configuration of
the erasing and writing time required for the corresponding HSI frequency.

4.5.4. HSI_48M/24M/4M/8M _EPPARA2

Flash address: Ox1FFF 0138(48 MHz)/Ox1FFF 0124(24 MHz)/ Ox1FFF 0160(4 MHz)/ Ox1FFF 0174(8 MHz)
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 P[E7R IZ]E
- - - - - - - - - - - - - - R R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PERTPE[15:0]
R |[]RIRJTRIJIJTRIJTRIR TR T RITRIRITRIRITRIRI] R

The software needs to choose to read data from the corresponding address according to the HSI clock

frequency that needs to be set, and then write it into the FLASH_PERTPE register to realize the configura-
tion of the erasing and writing time required for the corresponding HSI frequency.

4.5.5. HSI_48M/24M/4AM/8M _EPPARA3

Flash address: Ox1FFF 013C(48 MHz)/Ox1FFF 0128(24 MHz)/ Ox1FFF 0164(4 MHz)/ OX1FFF 0178(8 MHz)
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 TPSE,\[/I1E7I:?16]
- - - - - - - - - - - - - R R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMERTPE[15:0]
R |[R]IRJTRIJIJTRIJIJRIR R T RIRITRI]IRITITRIRIRI R

The software needs to choose to read data from the corresponding address according to the HSI clock

frequency that needs to be set, and then write it into the FLASH_SMERTPE register to realize the configu-
ration of the erasing and writing time required for the corresponding HSI frequency.

4.5.6. HSI_48M/24M/4M/8M _EPPARAA4

Flash address: Ox1FFF 0140(48 MHz)/0x1FFF 012C(24 MHz)/0x1FFF 0168(4 MHz)/ Ox1FFF 017C(8 MHz)
31 30 29 [ 28 [ 27 [ 26 [ 25 [ 24 | 23 [ 22 [ 21 [ 20 [ 19 [ 18 [ 17 | 16
Res Res PRETPE[13:0]
- - 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
PRGTPE[15:0]
R | R TRIRJIJTRITRIRITRIRITRIRIRITRIRIRTIR

The software needs to choose to read data from the corresponding address according to the required HSI

clock frequency, and then write it to the FLASH_PRGTPE and FLASH_PRETPE registers to realize the

configuration of the erasing and writing time required for the corresponding HSI frequency.
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4.5.7. LSI_32.768K

Flash address: Ox1FFF 0144¢ 32.768 kHz(

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 LSI_TRIM[8:0]
- R [ R TR T RITITRIJITRIJTRIJITRTITR

The software needs to read the data from this address and then write it to the corresponding LSI_TRIM [8:

0] of the RCC_ICSCR register to change the LSI frequency.
4.5.8. Flash USER OTP memory bytes

A partial section of the Flash information area in the device is referred to as Flash USER OTP memory

Bytes.
Table 4-6 USER OTP memory bytes configuration
Page Word Address Contents

0 OOXIFFF 0280 Bit[l5:OB]I:t[L:Jgé:élg]:OS;gTVILIIESI\(?IrOdF?\t(a LOCK
1 00x1FFF 0284 Store user data
2 00x1FFF 0288 Store user data

5 é é Store user data
é é Store user data
é é Store user data
31 00x1FFF 02FC Store user data

This Page is configured in the information area, and the program and erase of this Page area are processed

according to the method of Main flash. In addition, the mass erase of the Main flash area is not valid for this

area.

The USER OTP MEMORY_LOCK content will not be updated immediately until the power-on reset

(POR/BOR/PDR), which will play a protection function. This Page Write has the following protection.

Table 4-7 Write protection status of Flash USER OTP memory bytes

USER OTP MEMORY_LOCK

Write protection

OxXAA55

Read: Yes
Program and erase: No

Any value except (OXAA55)

Read, Program and erase: Yes

4.6. Flash protection

The protection of Main flash area includes the following mechanisms:

A SDK (software desusgend ktiot )p rportoetcetc ttihoen,access of spec
2 KB.
A Write protection (WRP) prevents unintended writes (
protection is designed to be 4 KB.
A Option byte write prgont efcori ounnlicscka. speci al desi
4.6.1. SDK area protection

The protection area is defined by SDKR_STRT [3: 0], SDKR_END [3: 0] of the FLASH_SDKR register, and

each bit corresponds to 2 KB.
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Start address:

Flash memory base address + SDK_STRT[3:0] x 0x800 (included)

End address:

Flash memory base address + (SDK_END[3:0]+1) x 0x800(excluded)

When SDK_STRT [3: 0] is greater than SDK_END [3: 0], SDK protection is invalid. SDK protection is valid
when SDK_STRT [3: 0] is less than or equal to SDK_END [3: 0].

When the protection is effective, when the FLASH_SDKR register is unprotected (writing SDK_STRT [3: 0]
is greater than SDK_END [3: Q]), the hardware will first trigger a mass erase (the program whose SDK area
is protected has been written before, and full erase plays a role in protecting the SDK area program), and
then update the value of the SDK option in the Flash option byte (the updated value at this time is that the
SDK protection is invalid). The mass erase generated by the SDK protection rewrite will also erase the Load
flash area.

At this time, the contents of the FLASH_SDKR register will not be updated, and the contents of the register
will not be loaded into the register from the SDK option in the flash option byte until the power-on reset
(POR/BOR/PDR) or OBL reset.

Tab4-&Rel ati onship of access status to protection

Boot from Main flash (CPU)
. Commissioning/
region SDK region pro- Users actions Users actions Execute from SRAM
tection level (From Non SDK area) (From SDK area)
Read | Write | Erase | Read | Write | Erase | Read | Write | Erase
Disabled Yes Yes Yes N/A N/A N/A Yes Yes Yes
Non SDK area
Enable Yes Yes Yes Yes Yes Yes Yes Yes Yes
Disabled N/A N/A N/A N/A N/A N/A N/A N/A N/A
SDK area
Enable No No No Yes Yes Yes No No No
System memory - Yes No No Yes No No Yes No No
Option byte - Yes Yes Yes Yes Yes Yes Yes Yes Yes
Factory bytes - Yes No No Yes No No Yes No No
uiD - Yes No No Yes No No Yes No No
Notes:
1. A mass erase command issued by any area wil/ erase th

2. There are two sitwuations for executing a program fron

is to start from another memoiy, and the program jump

3. N/ A means that when the SDK area is disabled, since f
the SDK area in the above tabl e, and there is no acc
areas.

4.6.2. Flash write protection

Flash can be set to write-protected in response to unwanted write operations. Define that each WRP register

controls a write protection (WRP) area with a size of 4 KB, i.e. 1 sector size.

When the WRP area is activated, no erase or write operation is allowed. Accordingly, even if only one area

is set to write protection, the mass erase function does not function.
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In addition, if an attempt is made to erase or write an area set to write protection, the write protection error
identifier (WRPERR) of the FLASH_SR register is set.

Note: Write protection only works on Main flash.

4.6.3. Load flash area protection
When the Load flash is active, the erase and write operation of the selected area is ignored, and the
WRPRTERR bit of the FLASH_CR register is also set.
Modify BOOT_SIZE of FLASH_BTCR, and the hardware will perform a mass erase operation on the Main
flash. The mass erase generated by rewriting will also erase the Load flash area.

4.6.4. Option byte write protection

By default, option bytes are readable and write-protected. In order to obtain erase or write access to the
option byte, the correct sequence needs to be written to the OPTKEYR register.

4.7.Flash interrupt
Tab4-EFl ash interrupt request

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

Note: The following events do not have separate interrupt flags but generate a HardFault:

A Sequence error in unlockihgmémaSH CR register of FI

A Write sequence wrong to unlock Flash option byte

A Write Flash operabitonddtaal s to align 32

A Erase Flash (including page erase, sector erhiste, ar
data alignment

A Write operationsteropti b-bi bptiataggi 32
4.8. Flash registers

4.8.1. Flash access control register (FLASH_ACR)

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 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 LATENCY
- - - - - - - - - - - - - - - RW
Bit Name R/ W Reset Vi Function
31: Reserv - - -
Wai t i ngorsrteastpeponcdi ng to FIl ash
0: Fl ash read operation has n
0 LATENC RW 0 1: The Flash read operation h
read of Flash requires two
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4.8.2. Flash key register (Flash_KEYR)

Address offset: 0x08
Reset value: 0x0000 0000

All register bits are write-only and the read returns O.

30 [ 30 | 29 [ 28 | 27 [ 26 [ 25 | 24 [ 23 | 22 [ 210 | 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]
wilwIlw Il w I[wIlwilw [w T wiliwlwlwIlwIlwIlwl]l w

Bit Name R/W Reset Value Function
The following values must be written consecutively to un-
lock the FLASH_CR register and allow flash's pro-
31:.0 KEY[31:0] w 3 2 6 h 0| gram/erase operation
KEY1: 0x4567 0123
KEY2: OXCDEF 89AB

4.8.3. Flash option key register (Flash_OPTKEYR)

Address offset: 0x0C
Reset value: 0x0000 0000

All register bits are write-only and the read returns O.

31 [ 30 | 29 | 28 [ 27 [ 26 [ 25 | 24 [ 23 | 22 | 20 | 20 [ 19 | 18 | 17 | 16
OPTKEY[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
OPTKEY[15:0]
wilwlw I lwIlwlwlIlw [w [ wilwlwlw IlwIlwIlwl]l w
Bit Name R/W Reset Value Function
The following values must be written consecutively to un-
lock the flash option register and allow program/erase op-
31:0 OPTKEY[31:0] w 3 2 6 h 0 | erations for the option byte
KEY1: 0x0819 2A3B
KEY2: 0x4C5D 6E7F

4.8.4. 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
- . - p - - - - - - - - - - - R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
%‘;1;/ Res Res Res Res Res | Res Res Res Res Res \évgg Res Res Res EOP
RC_W1 - - - - - - - - - - RC_W1 - - - RC_W1
Bi t Na me R/ W Reset V Functi on
31:1 Reser ve - - -
Busy bit
This bit indicatesntbatthhe
16 BSY R 0 gress This bit is set by t
the flash operation, and i S
the operation is completed
Option and trim bit | oad va
Whenhe option and tri mming
15 OPTVERR RC_W1 0 do not match, the hardware
matched option bytes, force
This bit is cleared by writ
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Bit Na me R/ W Reset V Functi on
14: 5 Reser ve - - -
Write protection error.
When thesaddo be programme(
4 WRPERR RC_W1 0 protected flash area (WRP),
Write 1 and clear the bit.
3:1 Reserve - - -
When the program/erase oper
fully completed, t he tharsdvwsa
0 EOP RC_W1 0 the EOPIE bit of the FLASH_|
Write 1 and clear the bit
4.8.5. 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
OPT ERR | EOP OPT
LOCK LOCK Res | Res OBL_LAUNCH Res IE IE Res | Res | Res | Res | PGSTRT Res STRT Res
RS RS - - RC_W1 - RW | RW - RW - RW -
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res Res Res | Res SER Res | Res Res Res | Res | Res | Res Res MER PER PG
- - - - RW - - - - RW RW | RW
Bit Name R/ W Reset V Functi on
FLASH_CR Lock bit
The software can only set t
FLASH_CR register is |locked
successfully given, this bi
31 Lock RS 1 ing the FLASH_CR register.
[ TiThs bit is set by software
tion is completed]
When an unsuccessful unlock
mains set until the next sy
Option byte Lock bit.
The software can onl yt heethitt
ciated with the option byte
l ocked. When the unlocking
30 OPTL OCK RS 1 thI_S bit is cleared by hard
register
[ This bit is set by softwar
tiiosm compl et ed]
When an unsuccessful unl ock
mains set until the next sy
29: 2 Reservg - - -
Forces option byte | oading.
When set, this bit forces t
byte. ®Bhicd elairtedi by hardwar e
27 OBL LAUN RC Wi 0 byte | oad |s_completed. | f
- - cannot be written.
0: Option byte | oading comp
1: Generate an option byte
tem generates a reset. to re
26 Reser veé - - -
Error interrupt enabl e bit,
FLASH_SR register i s set, i
25 ERRI E RW 0 request is generated.
0: No interrupt occurrence
1: An interrupt occurs
End of ompemdateirrupt enabl e
24 EOPI E RW 0 When the EOP bit of the FLA
bit is enabl ed, an interrup
OCEOP interrupt disabl ed
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Bit Name R/ W Reset V Functi on
1.EOP interrupt enabl ed
230 Reser vg RW -
The start bit of dofhetlIpe oMaia
19 PGSTRT RW _This bit starts the program
i s set by software, and aft
register is cleared, the ha
18 Reser vg
Fl ash option byte modified
This bit initiates the modi
ware set, after the BSY bit
cleared, hardware c¢cl ears th
17 OPTSTRT RW Note: When the flash option
ware automaticall y perofno rtnhse
tire 128 Bytes page, and th
tion, which also includes a
code.
16 Reser vg - -
4 KB Sector erase operation
0: Sector erase operation f
1: Secdeoromaraati on for fl as
11 SER RW Not es:
1. Sector erase does not wo
memor y.
2. Sector erase does not wo
10: Reser vg
Mass erase operation
0: Mass erase operation for
5 ME R RW 1: Meu;a;ses operation of FIl a
Not es:
Mass erase wil!/ not work on
Mass erase does not wor k wh
Page erase operation
1 PER RW 0: Page erase operation for
1: Page eraeft bbeshtsehecte
Program Operation
0 PG RW 0O: program operation of FI a
l1: program operation of FIl a

4.8.6. Flash option register (FLASH_OPTR)

Address offset: 0x20
Reset value: 0x0000 BOAA

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

option byte area of the Flash information memory and written to the corresponding option bit of the register.

31 [ 30 ] 29 | 28 [ 27 [ 26 [ 25 | 24 J23[22]21]20[19 18] 17 [ 16
Res
15 14 13 12 11 [ 10 [ 9 8 7]6[5]4]3[2]1]Jo0
NRST IWD BOR
wDG_sToP | NRST— | swb_mopE _svs BOR_LEV[2:0] oR- Res
RW RW RW RW | RW [ RW [ RW RW -
Bit Name R/W Reset Value Function
31:16 Reserved - - -
Set the running state of IWDG timer in Stop mode
15 IWDG_STOP RW 1 0: Freeze timer
1: Normal operation
14 NRST_MODE RW 0 NRST_MODE SWD_MODE
0 X:PCO:NRST PB6:SWD
13 SWD_MODE RW 1 1 0:PCO:GPIO PB6:SWD
1 1:PCO:SWD PB6:GPIO
12 IWDG_SW RW 1 0: Hardware window watchdog
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Bit Name R/W Reset Value Function

1: Software window watchdog

000:BOR rising threshold is 1.8V and falling threshold is 1.7V
001:BOR rising threshold is 2.0V and falling threshold is 1.9V
010:BOR rising threshold is 2.2V and falling threshold is 2.1V
011:BOR rising threshold is 2.4V and falling threshold is 2.3V
100:BOR rising threshold is 2.6V and falling threshold is 2.5V
101:BOR rising threshold is 2.8V and falling threshold is 2.7V
110:BOR rising threshold is 3.0V and falling threshold is 2.9V
111:BOR rising threshold is 3.2V and falling threshold is 3.1V
BOR enabled

8 BOR_EN RW 0 0:BOR disabled

1:BOR enabled, BOR LEV works

7:0 Reserved - - -

4.8.7. Flash SDK address register (FLASH_SDKR)

11:9 BOR_LEV[2:0] RW 36h0

Address offset: 0x24
Reset value: 0x0000 0007
After the power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding value is read from the

option byte 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

15 14 13 12 112 ] 10 [ 9 [ 8 7 6 5 4 3 [ 2] 1T o
Res Res Res Res SDK_ENDI[3:0] Res Res Res Res SDK_STRT[3:0]

- - - - RW[] RW | RW [ RW - - - - RW]|RW [ RW | RW
Bit Name R/W | Reset value Function
31:12 Reserved - - -

11:8 SDK_END[3:0] RW 440 Stop address of SDK area, STEP corresponding to each bitis 2 KB
7:4 Reserved - - -

3.0 SDK_STRT[3:0] RW A7 Start address of SDK area, STEP corresponding to each bitis 2 KB

4.8.8. FLASH boot control (FLASH_BTCR)
Address offset: 0x28
Reset value: O0x0000 O0O0OO
After the power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding value is read from the

option byte area of the Flash information memory and written to the corresponding option bit of the register.

30 [ 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
nBOOT1 BOOTO. Res Res Res Res Res Res Res Res Res Res Res BOOT_SIZE [2:0]
RW RW - - - - - - - - - - - RW [ RW [ RW
Bit Name R/W Reset Value Function
31:16 Reserved - - -
Boot mode of nBOOT1 / BOOTO
15 nBOOT1 X0:Boot from Main flash
RW 260 11:Boot from Load flash
14 BOOTO 01:Boot from SRAM
13:3 Reserved - - -

Select Main flash area as Load flash
000: No Load flash area

001:1 KBe 0x0800 5C00-0x0800 5FFF(
010:2 KBe 0x0800 5800-0x0800 5FFFC
011:3 KBe 0x0800 5400-0x0800 5FFFC

2:0 BOOT_SIZE [2:0] RW 30
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Bit Name R/W Reset Value Function

1xx:4 KBe 0x0800 5000-0x0800 5FFF(

4.8.9. Flash WRP address register (FLASH_WRPR)

Address offset: 0x2C
Reset value: 0x0000 003F

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

option byte 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 [ 210 2019 18] 17 | 16
Res
15 | 14 [ 13 [ 12 | 12 [ 10 | 9 [ 8 [ 7 | s 5 [ 4 ] 3] 2] 1710
Res WRP[5:0]
- RW
Bit Name R/ W Reset V Function
316 Reserve - - -
0: sector [y] is protected
5:0 WR P RW 6M3F lsect ormpyr]otiec tued
y =50

4.8.10. 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/ Vi Reset \ Functi on
3116 Reseryv - - -
FLASH sl eep time count (counter
When ybBéeesm clock selects LSI or
more optimized operating mode p
using this register can be sele
mended when LSI or LSE is the s
153 SLEEP_T| RW 916 4 Wh e n _this feattree tii snee walitéend for
sl eeping for every half of the
tisi _1%om SLEEP_TI ME
Not es:
tisi1oM S the period of HSI _10M
To ensure the function of FIl ash
is recommended 8.0 be set to 0x2
71 Reseryv - - -
Fl ash Sl eep mode enabl ed
0 SLEEP_EFRW 0 1: Fl ash Sl eep enabl ed
0: Fl ash Sl eep disabled

4.8.11. 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
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15 14 13 12 11 10 9 8 | 7 [ 6 ] 5 1 4 [ 3 ] 2 ] 1 ] o
Res Res Res Res Res Res Res TSO
- RW | RW [ RW [ RW [ RW [ RW [ RW [ RW | RW

Bit Name R/W Reset Value Function

31:9 Reserved - - -

The software reads out the data stored in the correspond-
ing address in the information area and writes it to the cor-
responding register, so as to realize the configuration of
the erasing and writing time required for the corresponding
HSI frequency.

Saved in the following address in Flash:

48 MHz calibration value storage address: Ox1FFF 0130
24 MHz calibration value storage address: Ox1FFF 011C
4 MHz calibration value storage address: Ox1FFF 0158

8 MHz calibration value storage address: Ox1FFF 016C

8:0 TSO RW 96hB4

4.8.12. 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] o
Res Res Res Res Res Res TS1
- RW [RW [ RW [ RW [ RW [ RW [ RW [ RW | RW | RW

Bit Name R/W Reset Value Function
31:10 Reserved - - S
The software reads out the data stored in the corresponding
address in the information area and writes it to the correspond-
ing register, so as to realize the configuration of the erasing
and writing time required for the corresponding HSI frequency.
9:0 TS1 RW 106 h1BO0 Savedin the following address in Flash:
48 MHz calibration value storage address: Ox1FFF 0130
24 MHz calibration value storage address: Ox1FFF 011C
4 MHz calibration value storage address: Ox1FFF 0158
8 MHz calibration value storage address: Ox1FFF 016C

4.8.13. Flash TS2P register (FLASH_TS2P)

Address offset: 0x108

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 1 4 [ 3 ] 2 ] 1 ] o
Res Res Res Res Res Res Res TS2P
- RW [ RW [RW [ RW [ RW [ RW [ RW [ RW [ RW

Bit Name R/ W, Reset va Function

319 Reser\ - - -
The software reads out t hekei dat
dress in the information area
register, so as to realize thyg
writing time required for the

8:0 TS2P RW 9B 4 Saved in the following addres:
48MHz cal ialrwmda iovthorva@el BEEH4 @5 s |
24 MHz calibration value stor:
4 MHz calibration value stor a(
8 MHz calibration value stor ac(
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4.8.14. 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 J 3 ] 2 [ 1 ] o
Res Res Res Res TPS3
- RW [ RW JRW [RW [ RW [ RW [ RW [ RW [ RW | RW [ RW | RW
Bit Name R/W Reset Value Function
31:12 Reserved - - -
The software reads out the data stored in the corresponding
address in the information area and writes it to the correspond-
ing register, so as to realize the configuration of the erasing
and writing time required for the corresponding HSI frequency.
11:.0 TPS3 RW 1 2 6 h 6 C| Saved in the following address in Flash:
48 MHz calibration value storage address: Ox1FFF 0134
24 MHz calibration value storage address: Ox1FFF 0120
4 MHz calibration value storage address: Ox1FFF 015C
8 MHz calibration value storage address: Ox1FFF 0170

4.8.15. 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 1 o
Res Res Res Res Res Res Res TS3
- RW [ RW [ RW | RW [ RW | RW | RW | RW [ RW
Bit Name R/W Reset Value Function
31:9 Reserved - - -
The software reads out the data stored in the correspond-
ing address in the information area and writes it to the cor-
responding register, so as to realize the configuration of the
erasing and writing time required for the corresponding HSI
. frequency.
8:0 TS3 A 9nB4 Saved in the following address in Flash:
48 MHz calibration value storage address: Ox1FFF 0130
24 MHz calibration value storage address: Ox1FFF 011C
4 MHz calibration value storage address: Ox1FFF 0158
8 MHz calibration value storage address: Ox1FFF 016C

4.8.16. 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 PERTPE
RW RW
15 14 13 12 11 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
Bit Name R/ W Reset V| Functi on
3118 Reser vg - - -
The software reads out the
17 PERTPE RW 1#14820/ing address in the informat
responding register, so as
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Bi t Name R/ W Reset V Function
erasing g@gntdi weiteéquired for
frequency.

Saved in the following addr
48MHz <calibration v a0 xuleF F#8o0
24 MHz <calibration value st
4 MHz calibration value sto
8MHz calibration value stor

4.8.17. 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 SMERTPE
- RW RW

15 [ 14 [ 123 [ 12 [ 12 [ 10 [ 9 | 8 [ 7 [ 6 [ 5 | 4 ] 3 ] 2 1 0

SMERTPE

RW [RW [RW [RW [ RW [ RW [RW [RW [ RW [ RW [ RW [ RW [ RW | RW | RW | RW

Bit Name R/W Reset Value Function

31:18 Reserved - - -

The software reads out the data stored in the correspond-

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

responding register, so as to realize the configuration of the

erasing and writing time required for the corresponding HSI
. A frequency.

170 SMERTPE RW 180h14 Saved in the following address in Flash:

48 MHz calibration value storage address: Ox1FFF 013C

24 MHz calibration value storage address: Ox1FFF 0128

4 MHz calibration value storage address: Ox1FFF 0164

8 MHz calibration value storage address: Ox1FFF 0178

4.8.18. 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 [ 112 [ 10 [ 9 [ 8 | 7 | 6 [ 5 ] 4 1 3 [ 2 ] 171 o
PRGTPE
RW [ RW [ RW [ RW [ RW [ RW [RW [RW [ RW [ RW [ RW [ RW [ RW [ RW [ RW | RW

Bit Name R W Reset V Function
3116 Reserv - - -

The software reads out t
i
r

he da
on ar
i er, so as to eal i z

and writ g time required for

1% PRGTPEl RW lthd DCOf{Saved in he following addres
48UHz calibration v adxuleF /000 la

address in the informat
ing regist
in
t

24 MHz <calibration value stor
4 MHz calibration v allFuFeF sOt1o6r84d
8 MHz <calibration value stor g
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4.8.19. Flash PRE-PROGRAM TPE register (FLASH_PRETPE)

Address offset: 0x120
Reset value: 0x0000 12C0

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 [ 112 [ 10 [ 9 | 8 [ 7 [ &6 | 5 | 4 J 3 ] 2 [ 1 ] o

Res Res PRETPE[13:0]

- - RW [ RW [ RW [ RW [RW [RW [ RW [ RW [ RW [ RW [ RW [ RW [ RW [ RW

Bit Name R/ W| Reset \ Functi on

3114 Reserve - - -
The software reads cutcotrhres
ing address in the informat
responding register, so as
erasing and writing time re

i frequency.

1o PRETPE RW l‘yhlZCCSaved in the following addr
48Hz ldadration valu®xdt-edad,
24 MHz calibration value st
4 MHz <calibration value sto
8 MHz <calibration value sto
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5. Power control
5.1. Power supply

5.1.1. Power supply overview

VVCCAdomain
apc || comp |

VecA l

[ s |[ st ][ nsi ]

> l Flash I

VDDAdomain
HSI10M |

Vccdomain l

VbpAa .
POR BOR VbDDdomain

PDR
Ve > VR Vboo | CPU Coidigital Peripherals |

BG

I0_ CTRL |

PMU

IWDG | I LPTIMER |

Vecio

|
Vcciadomain l
|

PWRAcon l I RCCAcon l

VbbD
I/Os

».
P \Voor

SRAM

h 4

bDA

Figure 5-1 Power supply overview

Tab®Power supply overview

No. Power supply | Power value Description

The power is supplied to the device through the power pins, with the
power supply module comprising: Partial analog circuits.

Powers for most analog modules, sourced from the Vcc PAD (a dedi-
cated power PAD can also be designed separately).

3 Vecio 1.7t0 5.5V | Power to 10 from Vcc PAD
5.2.Voltage regulator

The device has two voltage regulators:

1 Vce 1.7to 55V

2 Vcea 1.7to 55V

A MR (Main regulator) is used in Run mode.

A LPR (Low power regulator) provides an option for
In Run mode, the MR remains working, outputting 1.2 V voltage and the LPR is off.

In Stop mode, both regulators are enabled and can be selected by software.
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5.3. Power monitoring
5.3.1. Power-on reset (POR) / power-down reset (PDR) / brown-out reset (BOR)

The device has an integrated power-on reset (POR) / power-down reset (PDR). The module keeps working
in all modes.
In addition to POR/ PDR, BOR (Brown-out reset) is also implemented.

When the BOR is turned on, the BOR threshold can be selected by the Option byte and both the rising and
falling detection points can be individually configured.Figure 5-2 POR, PDR, and BOR thresholds

A

vce
VBORRS
VBORF8
VBORR?
rrrrrrrrrrrrrrr VBORF7
VBORR6
VBORF6
VBORR5
— VBORF5
VBORR4
| VBORF4
VBORR3 |
————————————————————————————————— VBORF3
VBORR2
VBORF2
VBORRL
VBORF1
Y/ To] - B R
VPDR

tRSTTEMPO< »

Reset with BOR off
tRSTTEMPO< >

Reset with BOR on
(VBORS VBOR1)

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

Fi gb62BROR, PDR, and BOR threshol ds
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6. Low power control

By default, the microcontroller is in Run mode after a system or a power Reset. Low-power modes are

available to save power when the CPU does not need to be kept running.

6.1. Low-power modes

6.1.1.

Introduction

In addition to the run mode, the device has two low-power modes:

A Sl eep moRleeri pherals can be configured to keep worki
etc.). I't is recommended only to enable the modul
modul e wor ks.

A Stop mohlle:conteMtanodfr SRAst ers are maintained and

In Stop mode, the LSI, LSE and LPTIM can be kept running. For details of the working conditions of each

module in this mode, refer to the table below.

In the Stop mode, the corresponding VR state can be controlled by software and set to be powered by MR

or LPR. When powered by LPR, the device consumption is reduced with longer wake-up time. When pow-

ered by MR, it has larger consumption but shorter wake-up time.

In addition, power consumption can be reduced in Run mode by:

A Reduce the system clock frequency

A Turn off the idle peripheral cl ock

Tab6-ELow power modes
Wake-up Wake-up LDO
iaeE Entry source clock S MR LPR
Sleep WF or retumn Any interrupt | Same as be- CPU clock OFF. no effect on
(sleep-now from ISR ; ) her clock | lock ON® OFE
or sleep-on- Wake up ore entering other clocks or analog cloc
| WFE Sleep mode sources
exit) event
. HSI OFF.
SLEEPDEEP b HSI maintains | LSl and LSE can be selected
1.WFI Any wake up
. the frequency | as ON/OFF.
2. Return from EXTI line ' . ) )
4 configuration LPTIM, IWDG: configured by
ISR (configured before enter- the software
Stop 3.WFE in the EXTI . OFF/ON ON
- . ing Stop Low power wake-up and
Note:LSI and registers), .
mode, without | some modules such as RCC
LSEQgnnot ] IWDG and frequency divi- | keep workin
selected as the NRST €d y P Ing.
sion. The clock is off for the re-
system clock -
maining modules.
Note 1: The software must configure the state of VR to MR mode before entering the Sleep mode.
6.1.2. Functionalities depending on the working mode
Tab6-2Functionalities dependiing on the worKki
. Stop
PEMENETE Jl SIeEy VR@LPR or VR@MR Wake up capability
CPU Y - - -
Flash Y Y -(2) -
SRAM Y 0(3) -(4) -
Brown-out reset (BOR) Y Y 0] 0]
HSI (6] (6] - =
LSI (@) (@) 0] -
LSE (@) (@) 0] -
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Peripheral

Y
c
=}

Sleep

Stop

VR@LPR or VR@MR

Wake up capability

LSE Clock Security System

(CSS)

O

o

@)

USART1

12C

SPI1

ADC

COMP1/COMP2

Ol

Temperature sensor

Timers (TIM1 / TIM14)

LPTIM

IWDG

SysTick timer

0o
0o

CRC

GPIOs

O|0|0|O|0|O|0o|0|O|o|0|o| O

O|0|0|O|0|O|0O|o|O|0|0|o

O

Note 1: Legend: Y = Yes (Enable). O = Optional (Disable by default. Can be enabled by software). - = Not

available

Note 2: Flash does not power down, but no clock is provided, and enters the lowest power consumption state.

Note 3: The SRAM clock can be gated on or off.

Note 4: The SRAM is not powered down, but no clock is provided and enters the lowest power consumption

state.

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 options are available to select the Sleep mode entry mechanism, depending on the SLEEPONEXIT bit

in the Cortex®-M0+ System Control register.

A Sl eepw: if the SLEEPONEXIT bit is cleared, the MCU
i nrsuucti on is executed.

A Sleemxit: if the SLEEPONEXI T bit i's set, the MCU ¢
| owest priority | SR.

In the Sleep mode, all I/O 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 the nested

vectored interrupt controller (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 wake up event can be generated either by:

A enabling an interrupt in the peripheral control rec
PEND bit i AF-MOheSECo®rémxControl register. When the MC
er al itntpeernrdiupng bit has to be cleared.

A configuring an external or internal EXTI l'ine i e
not necessary to clear the peripheral interrupt pet
as no time iinst ewarsutpetd einnt ry/ exi t .

48/271



PY32F002B-C Reference Manual

Tab6-3&S| e-epw

S|l eapw Description

WFI (Wait for Interrupt) or WFE (Wait for
Mode entr|- SLEEPDEEP = 0 and

- SLEEPONEXI T = 0
Mo d e exitIf WFI was userdugdtor entry: I nter

I f WFE was used for entry: Wake up event
Wakeup | at|None

Tab6-4S| eep xit

S|l eepexit Descri ption

WFI (wait for interrupt) while:
Mode entr|- SLEEPDEEP = 0 and

- SLEEPONEXI T = 1
Mode exitilntepts and events
Wakeup | at|None

6.3. Stop mode

The Stop mode is based on the Cortex®-M0+ deep Sleep mode combined with peripheral clock gating. The
voltage regulator can be configured either in normal or low-power mode. In Stop mode, HSI is turned off,
SRAM and register contents are preserved. LSI, LSE, LPTIM and IWDG can be configured by software,
low power wake-up and some RCC logic are kept working, and the clock inputs of digital modules in the

remaining Vooo domain are turned off.

In the Stop mode, all I/O pins keep the same state as in the Run mode.

6.3.1. Entering Stop mode

To further reduce power consumption in Stop mode, you can enter different Stop modes by configuring
PWR_CRL1. LPR.

If Flash memory programming is ongoing, the Stop mode entry is delayed until the memory access is fin-
ished (the software reads the BSY bit of the Flash_SR register to determine whether the erase and write

operation has finished).

If an access to the APB domain is ongoing, The Stop mode entry is delayed until the APB access is finished.

6.3.2. Exiting Stop mode

When exiting Stop mode by issuing an interrupt or a wakeup event, the HSI oscillator is selected as system

clock.

When the voltage regulator operates in low-power mode, an additional startup delay is incurred when wak-
ing up from Stop mode.

By keeping the internal regulator ON during Stop mode, the consumption is higher, although the startup
time is reduced.

Tab6-%St op mode

Stop mode Description

WEFI (Wait for Interrupt) or WFE (Wait for Event) while:

- Settings:
1" Select the voltage regulator mode by configuring LPR bit in PWR_CR1
2" Set the wake-up time by configuring FLS_SLPTIME bit in PWR_CR1

- Set SLEEPDEEP bit in Cortex®-M0+ System Control register

Notes:

Mode entry
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Stop mode

Description

To enter Stop mode, all EXTI Line pending bits (in Pending register EXTI_PR), all peripherals
interrupt pending bits and RTC Alarm flag must be reset. Otherwise, the Stop mode entry proce-
dure is ignored and program execution continues.

In order to make the change of chip power consumption as balanced as possible, the software
needs to follow the principle of step-by-step shutdown: step-by-step shutdown of the clock of each
module and select HSI as the system clock. In order to shorten the wake-up time, before entering
the stop mode, the system clock should be configured to select HSI high-frequency clock, and the
HPRE of RCC_CFGR register is set to 0, otherwise the hardware switching clock will consume
additional clock cycles after waking up.

Mode exit

If WFI was used for entry:

Any EXTI Line configured i
I f WFE was used for entry:
Any EXTI Line configured in Interrupt mod
Interrupt flag bit in siasieownmfbiCPU SEVONPE

mo d

n Interrupt

Wakeup latency

LPR to MR wakeup time
HSI wakeup time
Flash wakeup time

6.4. Reduce the system clock frequency
In Run mode, the frequency of the system clock (SYSCLK, HCLK, PCLK) can be reduced by configuring

frequency division through the prescalation register. These prescalers can also be used to reduce the fre-

quency of peripherals before entering Sleep mode.
6.5. Peripheral clock gating
In Run mode, the AHB clock (HCLK) and APB clock (PCLK) of individual peripherals and memories can be

stopped at any time to reduce power consumption.

To further reduce power consumption in Sleep mode, the clock of the peripheral may be stopped prior to

execution of WFI or WFE instructions.
6.6. Power control registers

The peripheral registers can be accessed by half-words (16-bit) or words (32-bit).

6.6.1. Power control register 1 (PWR_CR1)

Address offset:0
Reset value: 0x0002 0000 (reset by POR)

x00

31 [ 30| 20 | 28 [27 |26 [ 25 |24 [ 23] 22 |21 ] 20 19 18 17 16
HSION RAM_RE | R
Res cSTCF)aL Res i T Se
- RW - RW -
15 [ 14 13 [ 12 11 10 ] 9 [ 8 ] 7] 6 [ 5] 4 3 2 1 0
FLS_SLP-
LPR TIME[L:0] Res
RW RW
Bit Name R/W Reset Value Function
31:20 Reserved - - Reserved
When waking up from Stop mode, the HSI turns on time
control.
19 HSION_CTRL RW 0 0: After waiting for MR to stabilize, enable HSI.
1: Turn on at the same time as VR, that is, HSI is ena-
bled immediately when waking up.
18 Reserved - - -
SRAM retention voltage control in Stop mode powered
by LPR
1 SRAM_RETV RW L 1: SRAM voltage is consistent with digital LDO output.
0: SRAM voltage is low voltage
16 Reserved - - -
Low power regulator
15:14 LPR - 0 LPR=2®00, Stop mode powered by MR
LPR =2®01, Stop mode powered by LPR
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Bit

Name

R/W

Reset Value

Function

LPR =2®101 reserved
LPR =2®111 reserved

13:12

FLS_SLPTIME

RW

2y b0O0

In the Stop mode wake-up timing, after the HSI is stabi-
lized, a waiting time is required before the Flash opera-
tion.

2®00: 5 us

2®01: 2 us

2®10: 3 us

2®11: O us

Note: When this register is set to 2'b11/2'b01, it indicates
that the program is executed from SRAM after wakeup,
not Flash. And the program guarantees that Flash will
not be accessed within the specified time above after
waking up the execution program.

11:0

Reserved

Reserved
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/. Reset

Two resets are designed: power reset and system reset.
7.1. Reset source

7.1.1. Power reset

A power reset is generated when one of the following events occurs:
A Powe®m/ pedwoewn reset (POR/ PDR)

A Browmt reset (BOR)
2

7.1 System reset

A system reset sets all registers to their reset values except the reset flags in the clock control/status register
and the registers in the RTC domain.

System reset is generated when one of the following events occurs:

A NRST pin (external reset)

A Independent watchdog reset (| WDG)

A SYSRESETREQ software reset

A Optibyd ®ader reset

A Power reset (POR/ PDR, BOR)

The reset source can be identified by checking the reset identification bit of the RCC_CSR register.
7.1.3. NRST pin (external reset)

Through specific option bits (NRST_MODE), the NRST pin is configurable for operating as:

A Reset input

In this mode, any valid reset signal on the NRST pin is propagated to device internal logic, but resets
generated internally by the device are not visible on the pin.

In this mode, the GPIO functionality (PCO) is not available.

The pulse generator guarantees a minimum reset pulse duration of 40 |5 for each internal reset source to
be output on the NRST pin.
A GPI O

In this mode, the pin can be used as PC10 standard GPIO. The reset function of the pin is not available.

Reset is only possible from device internal reset sources, and it is not propagated to the pin.
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VCC
R 40us filter
NRST —— . NRST
> - Filter >
L

IWDG rstn  ——p Sysrstn
A Software rst———»| & +—>»

PORPDR rsti——|

BOR rstn —

> HSI10M OBL rstn ——

Figuadi®i mplified diagram of the reset circ
7.1.4. Watchdog reset

Refer to Independent watchdog (IWDG).

7.1.5. Software reset

Software reset can be achieved by setting the SYSRESETREQ bit of the ARM MO + interrupt and reset
control register.

7.1.6. Option byte loader reset

The option byte loader reset is generated when the OBL_LAUNCH bit is set in the FLASH_CR register.
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8. Clocks

8.1.Clock sources
8.1.1. External high speed clock (HSE bypass)

A The externmdutc!| oy kPAG i
A PA6 automatically enables the input of the 1O
prohibited from being used as GPI O.

8.1.2. External low speed clock LSE

The LSE crystal is a low speed external crystal or ceramic resonator at 32.768 kHz. It provides a real-time
clock or other timing function

A low power and accurate clock source.

The LSE crystal is turned on and off by the LSEON bit in the backup domain control register (RCC_BDCR),
and the driving capability can be adjusted by LSE_DRIVER [1: 0].

LSERDY in the backup domain control register (RCC_BDCR) indicates whether the LSE crystal oscillation
is stable. During the startup phase, the LSE clock signal is not released until this bit is set to 1 by hardware.

If allowed in the clock interrupt register, an interrupt request may be generated.
8.1.3. External clock source (LSE bypass)

In this mode, an external clock source with a frequency of 32.768 kHz must be provided. You can select
this mode by setting the LSEBYP and LSEON bits in the backup domain control register (RCC_BDCR). An
external clock signal with a 50% duty cycle must be connected to the OSC32_IN pin while keeping the

0OSC32_0UT pin floating.
8.1.4. Internal high-speed clock HSI

The internal high-speed clock serves as the most critical sourceo f t he chi pés sy s tup
the default system clock frequency is 24 MHz, which can be switched to 48/8/4 MHz by software configu-

ration.
8.1.5. Internal low speed clock LSI

Internal low-speed clock, as the clock of IWDG and LPTIM, and as the system clock when the device is

running at low speed. The clock center frequency is designed at 32.768 kHz.
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8.2.Clock tree

HSI' High-speed internal clock
LS Low-speed internal clock
LSE' Low-speed external clock

LSIRC to IWDG_
32.768kHz g

pscaz out LSE
32.768kHz o PWR

LSE

EPSC32 IN Clock
detector To AHB bus, core, memory

v

AFB - >
L | pRrESC l FCLK Cortex free-running clock >
LSE /1 2..512 To Cortex system timer>
LSI
HSE
APB
PCL To APB periphrals
L4 PRESC asy
MCO SYSCLK
O———1.128 | 11,2,4,8,16
LHSI PCLK
HSIRC | LSE to LPTIM
4/8/24/48MHz LSl -
PCLK
to COMP
LSG
HSIDIV peL
LSE to ADC
HSH >
[J—TAe HSE | |sysCLK |
LSI If(APB prescaler=1) x1,
HSISYS else x2
TIM_PCLK

Figure 8-1 System clock structure diagram
8.3.Clock security system (CSS)

Clock security system can be activated by software. In this case, after the start-up delay of the LSE, the

clock detection function is turned on. When this LSE is turned off, the clock detection function is turned off.

If a failure is detected on the LSE clock, the LSE oscillator is automatically disabled, a clock failure event is
sent to the break input of the advanced-control timers (TIM1) and an interrupt is generated to inform the
software about the failure (Clock Security System Interrupt, CSSl), allowing the MCU to perform rescue

operations. The CSSl is linked to the NMI (Non-maskable interrupt) of Cortex-MO+.

Note: Once the CSS is enabled and if the HSE clock fails, the CSS interrupt occurs and an NMI is automat-
ically generated. The NMI will be executed indefinitely unless the CSS interrupt pending bit is cleared. As
a consequence, in the NMI ISR user must clear the CSS interrupt by setting the CSSC bit in the Clock
interrupt register (RCC_CIR).

If the LSE oscillator is used directly or indirectly as the system clock, a detected failure causes a switch of
the system clock to the LSI oscillator and the disabling of the LSE oscillator.

8.4. Output clock

In order to facilitate board-level applications, save BOM costs, and meet debugging requirements, the de-
vice needs to provide clock output functions. That is, the MCO signal (parallel frequency division) in the

table below is used to realize the clock output function through the multiplexing function of GPIO.
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Tab8kOutput clock selection

Clock sources MCO output clock source
HSI Yy
SYSCLK
HSE (bypass) Y|
LSE Y
LSl Y

Attention: When the MCO clock source is switched and the GPIO AF function is selected as the initial
stage of the MCO, the MCO may generate glitches and need to be avoided for this period of time.
8.5. Clock calibration

Due to factors such as temperature, voltage, process and production, the frequency of internal clock
sources (such as HSI, LSI, etc.) drift. Therefore, it is necessary to take some necessary measures to cali-
brate the frequency drift according to the changes of the external working environment of the system.

The basic idea of clock drift processing is: when the external environment of the system changes, the inter-
nal clock of the chip is dynamically measured in real time to detect and find problems. Then, the internal

clock calibration parameters are fine-tuned by software to achieve the purpose of dynamic calibration.
8.5.1. HSI Calibration

8.5.1.1. Clock measurement
The basic principle is based on the ratio of clock sources, and the accuracy is closely related to the ratio of
two clock sources. The larger the ratio, the better the measurement.
The internal clock cycle can be measured by the number of HSI clock counts between successive edges of
the LSE signal. Using LSE's high accuracy (ppm level), users can measure clock frequencies at the same
resolution, and can compensate for frequency deviations related to production, process, temperature and

voltage by fine-tuning the clock source.

The HSI oscillator has dedicated user-accessible calibration bits for this purpose.

TIM14

TI1_RMP[1:0]

GPIO
TI1

Fi g8RPEr eqguency measurement vs. TIM14 capture

The input capture channel of the TIM14 may be a GPIO or an in-chip clock. The selection of these clocks

is achieved through the TI1_RMP [1: O] register of TIM14_OR. The 2 options are shown as follows:

A TIM14 channel 1 is connected to GPIO

A TIM14 channel 1 is connected ptuot )MCO (Microcontrol e
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8.5.1.2. Clock calibration

Once an HSI clock abnormality is detected, the software is notified for processing by interrupting. The in-
ternal clock calibration parameters are fine-tuned by software to achieve the purpose of dynamic calibration.
The main purpose of connecting the LSE to the input capture of TIM14 channel 1 through the MCO multi-
plexer is to accurately measure the HSI (in this case, the HSI should be set to the system clock source). A
count of the number of HSI clocks during changing edges of two consecutive LSE signals, such a mecha-

nism provides a measure of the internal clock cycle.

This also makes full use of the high accuracy (ppm) of LSE when the external crystal oscillator is connected,
so that it is possible to determine the internal clock frequency with the same resolution, and then calibrate
the clock source to compensate for the frequency drift related to process, temperature, and voltage.

The HSI is therefore designed with dedicated user-accessible calibration register bits.

The basic principle of this implementation mechanism is a relative measure (for example, the ratio of

HSI/LSE): the accuracy will thus be closely related to the ratio of the frequencies of the two clock sources.

The larger the ratio, the better the measurement.

8.5.2. LSl calibration

Like HSI, the clock frequency of LSI will drift due to voltage, temperature, process and production. The
calibration of LSI is performed by using HSI with a large frequency difference, and the calibration method

is similar to HSI.
The calibration of the LSl is to connect the output of the LSI and the input capture of the TIM 14

In principle, it is still the relationship of relative frequencies, that is, the frequency ratio of: the calibration
accuracy is closely related to this frequency ratio, and the larger the ratio value, the better the measurement

effect.

8.6. Reset/clock register
The registers have to be accessed by word (32-bit), half-word (16 bits), and byte (8 bits).

8.6.1. 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
Res Res Res Res Res Res Res Res Res Res Res Res Res HES,\IE Res Res
- RW - -
15 14 13 [ 12 | 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res HSIDIV[2:0] F';DS\I( Res HSION Res | Res | Res | Res Res Res Res Res
- RW R RW
Bit Name R/W Reset Value Function
31:19 Reserved - - -
HSE clock enable
18 HSEEN RW 0 1.HSE bypass enabled
2.HSE bypass disabled
17:14 Reserved - - -
HSI clock division factor.
. . The software controls these bits to set the frequency divi-
13l HSIDIV[2:0] RW 3410 sion coefficient of the HSI, generating the HSISYS
clock
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Bit Name R/W Reset Value Function

000:1

001:2

010:4

011:8

100:16

101:32

110:64

111:128

HSE clock ready flag.

Set by hardware to indicate that the HSE oscillator is sta-
ble This bit is only valid if HSION = 1.

10 HSIRDY R 0 0:HSI OSC not ready

1:HSI OSC ready

Once the HSEON bit is cleared, HSERDY goes low imme-
diately.

9 Reserved - - -

HSI clock enable Set and cleared by software.

Cleared by hardware to stop the HSI oscillator when en-
tering Stop mode.

8 HSION RW 1 This bit is set by hardware if the HSI is used directly or in-
directly as system clock.

0: HSI OFF

1:HSI ON

7:0 Reserved - - -

8.6.2. Internal clock sources calibration register (RCC_ICSCR)

Address offset: 0x04
Reset value: 0xO0FF 10FF, by POR/BOR reset

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

Res Res Res Res LSI_STARTUP Res LSI_TRIM[8:0]

- - - - 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
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
31:28 Reserved - 2 -
Internal low speed clock LSI stabilization time selection:
11: 256 LSI clock cycles
27:26 LSI_STARTUP RW 26h0 10: 64 LSI clock cycles
01: 16 LSl clock cycles
00: 4 LSI clock cycles
25 Reserved - - -
Internal low-speed clock frequency adjustment, through
calibration, the internal low-speed clock can output
32.768 kHz.
After power-on, the device will write the factory infor-
mation (stored in Ox1FFF 0144) into this register to
achieve calibration at the specific output frequency of
24:16 LSI_TRIM RW 9 liFF the LSI.
The calibration values are saved in the following ad-
dress in Flash:
32.768 kHz calibration address: Ox1FFF 0144
By rewriting the register value, the software increases
(decreases) the output frequency of LSI by about 0.2%
for every increase (decrease) of 1.
HSI frequency:
000:4 MHz
001:8 MHz
15:13 HSI_FS RW 3d000 100:24 MHz
101: 48 MHz
Others: Reserved
When powered on, 24 MHz is selected by default.
Clock frequency calibration value.
12:0 HSI_TRIM RW 13 6 h 10 R After power-on, the hardware uses the default calibra-
tion value of HSI 24 MHz. When calibrated, the factory
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Bit

Name

R/W Reset Value

Function

information (stored in Ox1FFF 0100) will be written to
this register.

The software reads out the data stored at the corre-
sponding address in the information area and writes it to
the register to realize the calibration at the specific out-
put frequency of HSI.

Saved in the following address in Flash:

48 MHz calibration value storage address: Ox1FFF 0104
24 MHz calibration value storage address: Ox1FFF 0100
4 MHz calibration value storage address: Ox1FFF 0108
8 MHz calibration value storage address: Ox1FFF 010C
The register value can also be modified by writing the
calibration value into the register, which is the center
value. For every increase (decrease) of 1, the output fre-
guency of the HSI increases (decreases) by about 0.1%.

8.6.3. Clock configuration register (RCC_CFGR)

Address offset: 0x08
Reset value: 0x0000 0000

31 30 [29 [28 |27 26 [ 25 [ 24 22 21 20 19 18 17 16
Res MCOPRE[2:0] Res MCOSEL[2:0] Res Res Res Res Res Res Res Res
- RW RW - - - - - - -
15 14 13 [12 [11 10 [9 [ 8 6 5 4 3 2 1 0
Res PPRE[2:0] HPRE[3:0] Res Res SWSJ[2:0] SWI[2:0]
- RW RW - R RW
Bit Name R/W Reset Value Function
31 Reserved - - -
MCO (Microcontroller clock output) frequency division fac-
tor. The software controls these bits and sets the fre-
qguency division factor of the MCO output:
000:1
001:2
010:4
30:28 MCOPRE[2:0] RW 30 011:8
100:16
101:32
110:64
111:128
It is recommended to set these bits before the MCO out-
put is enabled.
27 Reserved - - -
MCO Selection
000: No clock, MCO output is not enabled
001: SYSCLK
010: Reserved
011: HSI
26:24 MCOSEL[2:0] RW 30 100: HSE
101: Reserved
110: LSI
111: LSE
Note: The output clock may be incomplete during the
clock startup or switching phase.
23:15 Reserved - - -
This bit is controlled by software. To generate the PCLK
clock, it sets the division coefficients of HCLK as follows:
Oxx:1
14:12 PPRE[2:0] RW 30 100:2
101:4
110:8
111:16
AHB clock division factor.
The software controls this bit. To generate the HCLK
11:8 HPRE[3:0] RW 30 clock, it sets the division coefficients of SYSCLK as fol-
lows:
Oxxx: 1
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Bit

Name

RIW

Reset Value

Function

1000: 2

1001: 4

1010: 8

1011: 16

1100: 64

1101: 128

1110: 256

1111: 512

To ensure the normal operation of the system, the appro-
priate frequency needs to be configured according to the
VR power supply situation.

Note: It is recommended to switch the frequency division
coefficients gradually.

7:6

Reserved

5:3

SWS[2:0]

3d0

System clock switching status bit

These bits are controlled by hardware and indicate which
clock source is currently being used as the system clock:
000: HSISYS

001: HSE

010: Reserved

011: LSl

100: LSE

Others: Reserved

2:0

SW[2:0]

RW

3&0

System clock source select bit.

These bits are controlled by software and hardware and
are used to select the system clock:

000: HSISYS

001: HSE

010: Reserved

011: LSl

100: LSE

Others: Reserved

Scenarios where the hardware is configured as HSISYS
include:

1) The system exits from Stop mode

8.6.4.

External clock sources control register (RCC_ECSCR)

Address offset: 0x10

Reset value: 0x0001 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 LSE_STARTUP Res LSE_DRIVER
- - - - p - - - - - RW - RW
15 14 13 12 11 10 9 8 7 6 5 4 3 [ 2 1 [ o
Res Res Res Res Res Res Res Res Res Res Res Res Res Res
Bit Name R/W | Reset Value Function
31:22 Reserved - - -
LSE crystal oscillator 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 20 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 - - -
Low-speed crystal oscillator driving capability selection.
00: Weakest driving capability
17:16 LSE_DRIVER RW 2 6 h 1 | 01: Weak driving ability
10: Default driving capability (Recommended)
11: Strongest driving ability
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Note:

It is necessary to select the appropriate driving capability ac-

cording to the crystal oscillator characteristics, load capacitance
and parasitic parameters of the circuit board. The greater the driv-
ing capability, the greater the power consumption, and the weaker
the driving capability, the smaller the power consumption.

15:0

Reserved

8.6.5. 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
HSI LSE LSI
Res Res | Res Res Res Res Res Res Res Res Res Res RDYIE Res RDYIE RDYIE
- RW - RW RW
Bit Name R/W Reset Value Function
31:4 Reserved - - -
HSI ready interrupt enable
3 HSIRDYIE RW 0 0: Disabled
1: Enabled
2 Reserved - - -
LSE ready interrupt enable
1 LSERDYIE RW 0 0: Disabled
1: Enabled
LSI ready interrupt enable
0 LSIRDYIE RW 0 0: Disabled
1: Enabled
8.6.6. Clock interrupt flag register (RCC_CIFR)
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
LSE HSI LSE LSI
Res Res Res Res Res Res CSSE Res Res Res Res Res RDYE Res RDYE | RDYE
- R - R - R R
Bit Name R/W Reset Value Function
31:10 Reserved - - -
LSE Clock security system interrupt flag.
Set by hardware when a failure is detected in the LSE os-
cillator.
9 LSECSSF R 0 0: No clock security interrupt caused by LSE clock failure
1: Clock security interrupt caused by LSE clock failure
Write LSECSSC register 1 to clear this bit.
8:4 Reserved - - -
HSI ready interrupt flag
Set by hardware when the HSI clock becomes stable and
HSIRDYIE is enabled. Cleared by software setting the
3 HSIRDYF R 0 HSIRDYC bhit.
0: No clock ready interrupt caused by the HSI oscillator
1: Clock ready interrupt caused by the HSI oscillator
2 Reserved - - -
LSE ready interrupt flag
Set by hardware when the LSE clock becomes stable and
LSERDYIE is enabled. Cleared by software setting the
1 LSERDYF R 0 LSERDYC hit.
0: No clock ready interrupt caused by the LSE oscillator
1: Clock ready interrupt caused by the LSE oscillator
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Bit Name R/W Reset Value Function

LSI ready interrupt flag

Set by hardware when the LSE clock becomes stable and
0 LSIRDYF R 0 LSERDYIE is enabled. Cleared by software setting the

LSERDYC bit.
0: No clock ready interrupt caused by the LSI oscillator
1: Clock ready interrupt caused by the LSI oscillator

8.6.7. Clock interrupt clear register (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
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
HSI LSE LSl
Res | Res | Res | Res | Res | Res | LSECSSC Res Res | Res Res Res RDYC Res RDYC | RDYC
- - - - - - W - - - - - W - W W
Bit Name R/W Reset Value Function
31:10 Reserved - - -
LSE Clock security system interrupt flag.
9 LSECSSC W 0 0: No effect
1: Clear LSECSSF flag
8:4 Reserved - - -
HSE ready interrupt clear
3 HSIRDYC w 0 0: No effect
1: Clear HSIRDYE bit
2 Reserved - - -
LSE ready interrupt clear.
1 LSERDYC W 0 0: No effect
1: Clear LSERDYE bit
LSl ready interrupt clear.
0 LSIRDYC w 0 0: No effect
1: Clear LSIRDYE bit
8.6.8. 1/O port 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
GPIOC | GPIOB | GPIOA
Res Res Res Res Res Res Res Res Res Res Res Res Res RST RST RST
- RW RW RW
Bit Name R/W Reset Value Function
31:3 Reserved - - -
1/0 PortC reset.
2 GPIOCRST RW 0 0: No effect
1: PortC I/O reset
1/0O PortB reset.
1 GPIOBRST RW 0 0: No effect
1: 1/0 PortB reset
1/0 PortA reset.
0 GPIOARST RW 0 0: No effect
1: 1/0O PortA reset
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8.6.9. AHB peripheral reset register (RCC_AHBRSTR)

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

CRC FLASH

Res Res Res RST Res Res Res RST Res Res Res Res Res Res Res Res
- - - RW - - - RW - - - - - - - -
Bit Na me R/ W Reset V Function

31:1 Reser veoq - -

CRC reset
12 CRCRST RW 0 0: No effect
1: CRC reset

11: 9 Reserveq - - -

FIl ash memory interface rese
8 FLASHRST RW 0 0: No effect

l1Reset Flash memory interf g
7:0 Reser vecq - - -

8.6.10. APB peripheral reset register 1 (RCC_APBRSTR1)

Address offset: 0x2C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LEEITM Res Res PRVg/TR Rg? Res Res Res Res Res FI{ZSCT Res Res Res Res Res
RW - - RW [ RW - - - - - RW - - - - -
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 Res

Bit Name R/W Reset Value Function
Low Power Timer reset
31 LPTIMRST RW 0 0: No effect
1: Reset
30:29 Reserved - - -
Power interface reset
28 PWRRST RW 0 0: No effect
1. Reset
DBG reset
27 DBGRST RW 0 0: No effect
1: Reset
26:22 Reserved - - -
I2C1 reset.
21 I2CRST RW 0 0: No effect
1. Reset
20:0 Reserved - - -

8.6.11. APB peripheral reset register 2 (RCC_APBRSTR2)

Address offset: 0x30
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
COMP2 | COMP1 | ADC

Res Res Res | Res Res Res | Res | Res | Res RST RST RST Res Res Res Res

- RW RW RW - - - -

15 [ 14 [ 13 ] 12 ] 11 J10] 9 [ 8 | 7 6 5 4 3 2 1 0
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SYS
TF'{'\ng“ USRASI?I_TI Res SRFél.lj_' Egﬂ% Res | Res | Res | Res Res Res Res Res Res Res (R?I;C_IE_
RW RW - RW RW - - - - - - - - - RW
Bit Name R/W Reset Value Function
31:23 Reserved - - -
COMP2 reset
22 COMP2RST RW 0 0: No effect
1: Reset
COMP1 reset
21 COMP1RST RW 0 0: No effect
1: Reset
ADC reset.
20 ADCRST RW 0 0: No effect
1: Reset
19:16 Reserved - - -
TIM14 reset.
15 TIM14RST RW 0 0: No effect
1: Reset
USARTI1 reset
14 USARTI1RST RW 0 0: No effect
1: Reset
13 Reserved - - -
SPI1 reset
12 SPI1RST RW 0 0: No effect
1: Reset
TIM1 reset
11 TIM1IRST RW 0 0: No effect
1: Reset
10:1 Reserved - - -
SYSCFG reset
0 SYSCFGRST RW 0 0: No effect
1: Reset
8.6.12. 1/0O port clock enable register (RCC_IOPENR)
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
PI PIOB PIOA
Res Res Res Res Res Res Res Res Res Res Res Res Res GENOC GE,\? GE,\?
- RW RW RW
Bit Name R/W Reset Value Function
31:3 Reserved - - -
10 port C clock enable
2 GPIOCEN RW 0 0: clock disabled
1: clock enabled
10 port B clock enable
1 GPIOBEN RW 0 0: clock disabled
1: clock enabled
10 port A clock enable
0 GPIOAEN RW 0 0: clock disabled
1: clock enabled
8.6.13. AHB peripheral clock enable register (RCC_AHBENR)
Address offset: 0x38
Reset value: 0x0000 0300
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
Res Res Res CERNC Res Res | SRAMEN FLS\?H Res Res Res Res Res Res Res Res
- - - RW - - RW RW -
Bit Name R/W Reset Value Function
31:13 Reserved - - -
CRC clock enable
12 CRCEN RW 0 0: Disabled
1: Enabled
11:10 Reserved - - -
In Sleep mode, the clock enable control of the SRAM
0: The clock is disabled in Sleep mode
1: The clock is enabled in Sleep mode
9 SRAMEN RW 1 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 turned off
In Sleep mode, Flash clock enables control
0: The clock is disabled in Sleep mode
1: The clock is enabled in Sleep mode
8 FLASHEN RW 1 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 turned off
7:0 Reserved - - -
8.6.14. APB peripheral clock enable register 1 (RCC_APBENR1)

Address offset: 0x3C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LPTIM PWR DBG 12C
EN Res Res EN EN Res Res Res Res Res EN Res Res Res Res Res
RW - - RW RW - - - - - RW - - - - -
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 Res
Bit Name R/W Reset Value Function
LPTIM1 enable
31 LPTIMEN RW 0 0: Disabled
1: Enabled
30:29 Reserved - - -
Power interface clock enable
28 PWREN RW 0 0: Disabled
1: Enabled
DBG enable
27 DBGEN RW 0 0: Disabled
1: Enabled
26:22 Reserved - - -
12C1 enable
21 12CEN RW 0 0: Disabled
1: Enabled
20:0 Reserved - - -
8.6.15. APB peripheral clock enable register 2(RCC_APBENR2)
Address offset: 0x40
Reset value: 0x0000 0000
31 30 29 28 27 25 24 23 22 21 20 19 18 17 16
COMP2 | COMP1 | ADC
Res Res Res Res Res Res | Res | Res Res EN EN EN Res Res Res Res
- RW RW RW - - - -
15 14 13 12 11 9 8 7 6 5 4 3 2 1 0
TIM14 | USART1 SPI1 | TIM1 SYS
EN EN Res EN EN Res | Res | Res Res Res Res Res | Res Res Res CFG
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| | | | | | | EN
RW RW - RW | RW - RW
Bit Name R/W Reset Value Function
31:23 Reserved - - -
COMP2 enable
22 COMP2EN RW 0 0: Disabled
1. Enabled
COMP1 enable
21 COMP1EN RW 0 0: Disabled
1: Enabled
ADC enable
20 ADCEN RW 0 0: Disabled
1. Enabled
19:16 Reserved - - -
TIM14 enable
15 TIM14EN RW 0 0: Disabled
1: Enabled
USART1 enable
14 USARTI1EN RW 0 0: Disabled
1: Enabled
13 Reserved - - -
SPI1 enable
12 SPI1EN RW 0 0: Disabled
1: Enabled
TIM1 enable
11 TIM1EN RW 0 0: Disabled
1: Enabled
10:1 Reserved - - -
SYSCFG clock enable
0 SYSCFGEN RW 0 0: Disabled
1: Enabled
8.6.16. Peripherals independent clock configuration register (RCC_CCIPR)
Address offset: 0x54
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 LPTIM1SEL [1:0] Res Res
- RW RW - -
15714 ] 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
CO
Res Res COMP2 MP1 Res Res Res Res Res Res Res Res Res Res
SEL SEL
- - RW RW - - - - - - - - - -
Bit Name R/W Reset Value Function
31:20 Reserved - - -
LPTIM1 clock source selection
00: PCLK
01: LSl
A 10: No clock
19:18 LPTIMSEL[1:0] RW 26h0 11 LSE
Note: When PCLK is selected, the prescaler of the
LPTIM (Low-Power Timer) must be configured to 2 or
higher (set by LPTIM_CFGR.PRESC).
17:12 Reserved - - -
COMP2 clock source selection
0: PCLK
11 COMP2SEL RW 0 1: LSC (clock selected by RCC_BDCR.LSCOSEL)
Note: Configure selection clock before enabling
COMP2_ FR.FLTEN.
COMP1 clock source selection
0: PCLK
10 COMP1SEL RW 0 1: LSC (clock selected by RCC_BDCR.LSCOSEL)
Note: Configure selection clock before enabling
COMP1_FR.FLTEN.
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[ 90

Reserved

8.6.17. RCC domain control register (RCC_BDCR)

Address offset: 0x5C
Reset value: 0x0000 0000, by POR/BOR reset

31 30 |29 |28 27 |26 |25 24 23 | 22 21 20 | 19 18 17 16
Res Res | Res | Res | Res | Res LSSISIE) Res 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
LSECS- LSE | LSE | LSE
Res Res | Res | Res | Res | Res Res Res | LSECSSD SON Res BYP | RDY ON
R RW - RW R RW
Bit Name R/W Reset Value Function
31:26 Reserved - - -
Low speed clock output selection
25 LSCOSEL RW 0 0: LSl
1. LSE
247 Reserved - - -
CSS on LSE failure Detection
Set by hardware to indicate when a failure has been de-
tected by the Clock Security System on the external
6 LSECSSD R 0 32.768 kHz oscillator (LSE).
0: No failure detected on LSE
1: Failure detected on LSE
CSS on LSE enable
0: Disabled
1: Enabled
5 LSECSSON RW 0 LSECSSON must be enabled after the LSE oscillator is
enabled (LSEON=1) and ready (LSERDY=1).
Once enabled this bit cannot be disabled, except after an
LSE failure detection (LSECSSD=1).
4:3 Reserved - - -
LSE oscillator bypass
0: LSE oscillator not bypassed
2 LSEBYP RW 0 1: LSE oscillator bypassed
This bit can be written only when the external 32.768 kHz
oscillator is disabled (LSEON=0 and LSERDY=0).
LSE oscillator ready
Set and cleared by hardware to indicate that the LSE os-
1 LSERDY R 0 cillator is stable.
0: Not ready
1: Ready
LSE oscillator enable
0 LSEON RW 0 0: Disabled
1: Enabled

8.6.18. Control/status register (RCC_CSR)

Address offset: 0x60
Reset value: 0x0000 0000
Reset by:1C [29:25]: POR reset. 2 LSION: system reset.3¢ NRST_FLTIDS will not be reset by the system

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
IWDG | SFT PWR PIN OBL
Res | Res RSTE | RSTE | RSTE | RSTE | RSTE Res RMVF | Res | Res | Res | Res | Res | Res Res
- - R R R R R - RW - - - - - - -
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res Res Res Res Res Res NRST_FLT- Res Res | Res | Res | Res | Res LS| LSION
IDIS RDY
RW - - - R RW
Bit Na me R/ W Reset V Functi on
31: 3 Reser ve( - - -
29 | WDGRSTF R 0 Il ndependeng rweastecth dfol ag
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Bit Na me R/ Wl Reset V Function
Cleared by writing to the K
Software reset flag

28 SFTRSTF R 0 Cleared by writing to the K
BOR/ POR/ PDR reset fl ag

27 PWRRSTF R 0 Cleared by writing to the K
PI'N reset flag

26 PINRSTF] R 0 Cleared by wriFtibig.to the R
Option byte | oader reset f

OBLRSTF R 0 Cleared by writing to the K

24 Reser vecq - - -

23 RMVF RW 0 Set by software to clear th
NRST filtering disabl ed

8 NRST FLTO RW 0 0: HSI _10M enabl euds, wainddt hf ifl

- abl ed

1: Filtering function is di

7: 2 Reser veoq - - -
LSI oscillator stable flag

1 LSI RDY R 0 0: LSI oscillator unstabl e
1: LSI oscillator stable
LSI oscillator enabl e
0: Di sabl ed
1: Enabl ed

0 LSI ON RW 0 Set and cleared by softwar ¢
when | WDG ienladbilewanfeia opt
LSECSSON isesalltedre
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9. General-purpose I/0s (GPI10)

9.1.Introduction
Each general-purpose I/O port has:
A Four-bi3dt2 configuratiOxn MOPERst eGPd Ox GBTYPER, GPI Ox _O
GPI Ox _PUPDR)

A Two -WBi2t data registers (GPIOx_IDR and GPI Ox_ODR)
A A 23t set/reset register (GPlI Ox_BSRR)

A A 23t reset register (GPIlI Ox_BRR)

A A 23t locking register (GPI Ox_LCKR)

A A 23t alternattei drunrcegiomt esrel (e@P1 Ox _AFRL) .

9.2. GPIO main features

A Output st-pubb: opushemp/ddawm + pul |

A Output data from output data register (GPIlI Ox_ODR) o

A Speed selection for each 1/ O

A 1l nput stat esupodfdingatainmmg,ogpul |

A Il nput data to input data register (GPlIOx_I|DR) or pe

A Bit set and reset register (GPlI Ox_ BSRR) for bitwis

A Locking mechanism (GPlI Ox_LCKR) provided to freeze t

A Analog function

A Alternate function selection registers (at most 8 A

A Ability to flip quickly in a single cycle

A Highly flexible 1/0O multiplexing function, allowing
eral inteonfsace funct.i

9.3. GPIO functional description
Each port bit of the general-purpose I/0 (GPIO) ports can be individually configured by software in several
modes:
A Input floating
A I nputuppul |
A | nppuud & wn
A Anal og

A Output-do@iem wipt ho rg apwhl Ic aypabi | it
A Output-pplulshwip hordwpwnl Icapability
A Alternate fpuwnlclt iveanp houmgwpwnl Ic apabi |l ity
A Alternate f-durnaitni owiptoho egnopwuhl Icapabi |l ity

Each I/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 register is to allow atomic read/modify ac-
cesses to any of the GPIOx_ODR registers. In this way, there is no risk of an IRQ occurring between the

read and the modify access.

Table below gives the possible port bit configurations.
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Analog inputoutput
To onchip peripheraffs
power control and EXTI . =
Digital input
g
]
'06)1 On/ off VCCT
Read p | vee
< = ~ %
) .g ) ) onoff Protection
o] 5 TTL Schmitt Trigger | diode
-% g Input driver
Write 5 Output driver vC u
o P-Mds 1/0 pad
= o |
= I 1
E ks ,‘I’ On off A
o 5.9 Protection
Readwrite % E)’ Output control diode
-
O nmoy | =
From onchip Alternate function output
peripheral =

FigedBasic structure of an I/ O port ©bit
9.3.1. General-purpose I/Os (GPIO)

During and just after reset, the alternate functions are not active and most of the I/O ports are configured in

analog mode.

The debug pins are in AF pull-up/pull-down after reset:

1. PA2: SWCLH oiwm pul |

2. PB&WDI O: -up mode. When the pin is conf itgurtende asutqu
data register (GPI Ox_ODR) is output on the |40 pin
pull modedomi opemwmde (only the | ow-Z2)evel is driven, F

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

All GPIO pins have weak internal pull-up and pull-down resistors, which can be activated ornot depending

on the value in the GPIOx_PUPDR register.
9.3.2. 1/O pin alternate function multiplexer and mapping

The device I/O pins are connected to on-board peripherals/modules through a multiplexer 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 /O pin.

Each I/O pin has a multiplexer with up to eight alternate function inputs (AFO to AF7) that can be configured
through the GPIOXx_AFRL

(for pin O to 7) register.

After reset the multiplexer selection is alternate function 0 (AF0). The 1/Os are configured in alternate func-

tion mode through GPIOx_MODER register
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A In addition to this flexible I/O multiplexing archi
onto different | /O pins to optimize the number of p
A To wsme I/ O in a given configuration, the user has t
A Debug function: after each device reset these pins
usable by the debugger host
A GPI1 O: configure the desirded li/nOtase oGPt POxt ,MODERU tr eqr
A Peripheral alternate function:
i Connect the 1/0 to the desired AFx in the GPI Ox _/
i Select thaptypoéwin paunldl out put speed via the GPI Ox
and GPlI Ox_OSPEEDER registers, respectively.
[ Configure the desired |/0O as an alternate functic
A Additional functions:

i ADC and DAC connection could be enabled in ADC o

GPI O mode. 1t is recommended tm tchhern fGRIUOD X N®DBR im
when ADC or COMP is wused.

i For the additional functions |like oscillators, co
RCC registers. These functions have priority over

9.3.3. 1/O port control registers

Each of the GPIO ports has four 32-bit memory-mapped control registers (GPIOx_MODER,
GPIOX_OTYPER, GPIOXx_OSPEEDR, GPIOx_PUPDR) to configure up to 8 I/0s. The GPIOx_MODER reg-
ister 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 whatever the I/O direction.

9.3.4. /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/write accessible. The data input
through the I/O are stored into the input data register (GPIOx_IDR), a read-only register.

9.3.5. /O data bitwise handling

The bit set reset register (GPIOx_BSRR) is a 32-bit register which allows the application to set and reset
each individual bit 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 in GPIOx_BSRR: BS(i) and BR(i). When written to
1, bit BS(i) sets the corresponding ODR(i) bit. When written to 1, bit BR(i) resets the ODR(i) corresponding
bit.

Writing any bit to 0 in GPIOx_BSRR does not have any effect on the corresponding bit inGPIOx_ODR. If

there is an attempt to both set and reset a bit in GPIOx_BSRR, the set action takes priority.
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Using the GPIOx_BSRR register to change the values of individual bits in GPIOx_ODR is ap one-shotb
effect that does not lock the GPIOXx_ODR bits. The GPIOx_ODR bhits can always be accessed directly. The

GPIOx_BSRR register provides a way of performing atomic bitwise handling.

There is no need for the software to disable interrupts when programming the GPIOx_ODRat bit level: it is

possible to modify one or more bits in a single atomic AHB write access.

9.3.6. GPIO locking mechanism

It is possible to freeze the GPIO control registers by applying a specific write sequence to the GPIOx_LCKR
register. The frozen registers are GPIOx_MODER, GPIOx_OTYPER, GPIOx_OSPEEDR, GPIOx_PUPDR
and GPIOx_AFRL.

To write the GPIOx_LCKR register, a specific write / read sequence has to be applied. When the right LOCK
sequence is applied to bit 16 in this register, the value of LCKR [7:0] is used to lock the configuration of the
1/0s (during the write sequence the LCKR [7:0] value must be the same). When the LOCK sequence has
been applied to a port bit, the value of the port bit can no longer be modified until the next MCU reset or
peripheral reset. Each GPIOx_LCKR bit freezes the corresponding bit in the control registers
(GPIOx_MODER, GPIOx_OTYPER, GPIOx_OSPEEDR, GPIOx_PUPDR, and GPIOx_AFRL.

The LOCK sequence can only be performed using a word (32-bit long) access to the GPIOx_LCKR register
due to the fact that GPIOx_LCKR bit 16 has to be set at the same time as the [7:0] bits.

9.3.7. 1/O alternate function input/output
Two registers are provided to select one of the alternate function inputs/outputs available for each 1/0. With
these registers, the user can connect an alternate function to some other pin as required by the application.

This means that a number of possible peripheral functions are multiplexed on each GPIO using the
GPIOx_AF 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 input/output of a given 1/0.
9.3.8. External interrupt/wakeup lines

All ports have external interrupt capability. To use external interrupt lines, the given pin must not be config-

ured in analog mode or being used as oscillator pin, so the input trigger is kept enabled.
9.3.9. Input configuration

When the 1/O port is programmed as input:

A The output buffer is disabled

A The Schmitt trigger input is activated

A The -ppl andlopvnl Iresi stors are activated depending on
i ster

A The data present on tbhethkOippotadataamphedtentever

A A read access to the input data register provides t
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Analog inputoutput
Td'from on-chip
peripherals power < e
control and EXTI | |
- ! Input driver :
@ I I
i | on |
) | , VCC-
Read o | //‘ | vee
< o . . ,
o] g ! ? }Protection
2 ° I — I OrVoff| :
9 5 | ‘ TTL Schmitt Trigger | diode
2 o : |
3 o | £ :____:__:____:__:____:__:____:__:____I
Write = @ - | Output driver | |:|
g ? i i 1/0 pad
3 2 P o ! onoff |5 X
5 ; : : ProtAection
Readwrite L =3 : : diode
> | |
™ O I | =
LI | |
| | =
. |
Fi g9Rlenput floating/ pulll up/ pull down confi
9.3.10. Output configuration
When the 1/O port is programmed as output:
A The output buffer is disabled
i Open dr ai rnOimo dtehe AOut put r egMGS$ ewh eardelioy att e Obhepl
register | eav2s( t-M@&S PiogtneawerdHiacti vated).
i PusphuinbdeiOidn t he Output reg-MOBSewhacrlitshat e tOud ph
register acMOS.ates the P
A The Schmitt trigger input is activated
A The -ppl &ndlopvnl Iresi stors are activated depending on
i ster
A Tk data present on the | /0O pin are sampled into the
A A read access to the input data register provides t
A A read access to the output data register gets the
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Analog inputoutput
linputdriver
. . Digital in !
To onchip peripherals gital input : :
power control and EXTI™ | !
I
[} ! I
+= I
.0 I | VCC.
E; : Oon I [ vee
Read p ! :
< E } _D_ I’ }
7 3 : | onoff |= Protection
o = | TTL Schmitt Trigger | I= | diode
0 o B ettt !
8 E F— s = === 1
: — |
Write = | Output driver vVCe- & o]
—>| I
8 ! : I/O pad
- © : I
3 55 ! | omoft [ &
— — |
o 5 g | : Protection
. | )
Readwrite % o Output control | diode
-0 : : 4
] : : -
From onchip Alternate function output ! Pushpull or !
peripheral L opendrain = | !

Fi g9B®uUt put configuration
9.3.11. Alternate function configuration

When the 1/O port is programmed as alternate function:

A The output buffer catr diencomfpygssmdd in open

A The output sbuffieen by the signals coming from the i

A The Schmitt trigger input is activated

A The -ppl andlopvnl Iresi stors are activated depending on
i ster

A The data peesé®t pon Bhe sampled into the input dat e

A A read access to the input data register provides t
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Analog inputoutput
Mnputdriver 74
Digital input | input driver |
Alternate function input < | :
: .
| |
& ! :
2 i : vee,
g’ I On I " vce
Read < | :
< g ! ~\ ® %
o -g : : onoff Protection
Q = | TTL Schmitt Trigger | | diode
1) o e e e |
D c e _____
i o — | |
Write o I Output driver VCe- @ * ]
> % | |
0 : : I/O pad
o oo} |
+— | 1
§ g § : | On/ off | A
o 5 % : : Protection
Readwrite *g' o Output control diode
«——» 0O : =
I -_—
. I -
From onchip Alternate function output ! Pushpull or
peripheral | opendrain = !

Figodmkl ternate funarnion configurati
9.3.12. Analog configuration

When the 1/O port is programmed as analog configuration:

A The output buffer is disabled
A The Schmitt trigger input is deactivated, providing
pin. The output off otrhcee dScthomiat tc otnrsitgagnetr viasl ue ( 0)
A The weaukp paunldl opvinl Iresi stors are disabled by hardware
A Read access to the inputididata register gets the
Analog inputoutput
Td'from onchip
peripherals power « T
control and EXTI | |
! Input driver :
5 | '
2 I off |
& | | VT vee
Read ; : O//‘ :
« g : ~ ¢ L
n S | ] ] | onoff | Prot_ectlon
Q = | TTL Schmitt Trigger | diode
0 Q ! I
> c . |
. = Q
Write i | . | ‘—._._D
R §) Output driver |
()
’ 2 2 : : /O pad
o 5 | |
e 9 | | 1
; . g L ] onanlz g
= — | : Protection
. m 5 | ‘
Readwrite =% | : diode
-« » 3 ! |
O : : _—
o | ~

Fi g9bdi gh i mpandalnocge confi gurati on
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9.3.13. Using the LSE oscillator pin as GPIO

When the LSE oscillator is switched OFF (default state after reset), the related oscillator pin can be used
as normal GPIO.

When the HSE or LSE oscillator is switched ON (by setting the LSEON bit in the RCC_CSR register), the
corresponding port should be configured as analog port.

When the oscillator is configured in a user external clock mode, only the pin OSC_IN or OSC32_IN is

reserved for clock input and the OSC_OUT or OSC32_0OUT pin can still be used as normal GPIO.
9.4. GPIO registers

The peripheral registers can be written in word, half word or byte mode.

9.4.1. GPIO port mode register (GPIOx_MODER)(x =A, B, C)

Address offset:0x00
Reset value:
0x0000 FFEF for GPIOA
Reset value for GPIOB

1. Fl ash option byte When configuring SWD: 0x0000
2. Flash option byte When SWD is not configured:
Reset value for GPIOC
1. Fl ash option byte When configuring SWD: O0x0000O0
2. Flash option byte When SWD is not configured:
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res| Resf Resf Res| Res| Res| Res| Res| Res| Res| Res| Res| Res| Res| Res| Res
15] 14] 13] 12 12 10] 9 | 8 7 ] 6 5 | 4 3 | 2 1 ] o0
MODE 7 MODE 6 MODES5 MODE 4 MODE 3 MODE 2 MODE 1 MODEO
[[1:( [1:( [1:( [ 1:( [1:( [1:( [1:( [1:(
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 - - -
y=7.0
16'hFFEF(PA). These bits are written by software to
16 'hFFFF (PB, SWD configured), configure the 1/0 mode.
15:0 MODEYy][1:0] RW 16 'hEFFF (PB, SWD not configured), | 00: Input mode
16'h000E (PC, SWD configured), 01: General purpose output mode
16'h000F (PC, SWD not configured) 10: Alternate function mode
11: Analog mode (reset state)

9.4.2. GPIO port output type register (GPIOx_OTYPER) (x = A, B, C)

Address offset: 0x04

Reset value: 0x0000 0000

31 30

29 28

27 26

25 24

23 22

21 20

19 18

17 16

Re s

Re s

Re s

Res

Res| Res

Res

Re s

Res| Res

Res| Res

Res| Res

Res| Res

15| 14

13| 12

11 10

Res

Res

Res

Res

Res| Res

Res

OT7/ 0OT6

OT5 OT4

OT3 0O0T2

OT1 OTO

RW | RW

RW | RW

RW | RW

RW | RW
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Bit Name R/W Reset Value Function
31:8 Reserved - - -

y=7..0

These bits are written by software to configure the 1/O
7:0 OTy RW 8y hO output type.

0: Output push-pull (reset state)

1: Output open-drain

9.4.3. GPIO port output speed register (GPIOx_OSPEEDR) (x = A, B, C)

Address offset: 0x08
Reset value:

0x0000 0000 for GPIOA
Reset value for GPIOB

1. Flash option byte When configuring SWD: 0x0000
2. Flash option byte When SWD is not configured: (
Reset value: 0x0000 0000 (for other ports)
Reset value for GPIOC
1. Fl ash option byte When configuring SWD: O0x0000O0
2. Flash option byte When SWD is not configured: (
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res| Resf Resf Res| Res| Res| Res| Res| Res| Res| Res| Res| Res| Res| Res| Res
15] 14] 13] 12 12 10] 9 | 8 7 ] 6 5 | 4 3 | 2 1 ] 0
OSPEED OSPEEDH OSPEED OSPEED OSPEEDH OSPEED OSPEED OSPEED
RWI 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 - - -
16'h0(PA), y=7.0
16'h0 (PB, SWD configured), These bits are written by software to con-
16'h3000 (PB, SWD not config- | figure the I/O output speed.
15:0 OSPEEDy[1:0] RW ured), 00: Low speed
16'h3 (PC, SWD configured), 01: Medium speed
16'h0 (PC, SWD not config- | 10: high speed
ured) 11: Very high speed

9.4.4. GPIO port pull-up/pull-down register (GPIOx_PUPDR) (x = A, B, C)

Address offset: 0x0C
Reset value:

0x0000 0020(for port A)
Reset value for GPIOB

[ Flash option byte When configuring SWD: 0x0000 0000O
i Fl ash option byte WherMx®WD0i s1 00Dt configured:
Reset value for GPIOC
i Flash option byte When configuring SWD: 0x0000 0001
i Flash option byte When SWD is not configured: 0x000
31 30 29 28 27 26 25 2 4 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] 122 10] 9 | 8 7 | 6 5 | 4 3 | 2 1 ] o
PUPDY PUPDG6 PUPDS5 PUPD4 PUPDS3 PUPD?2 PUPD1 PUPDO
RWIRW|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
31:16 Reserved - - -
' y=7.0
1910 (B 5w confureq, | T i e witn by sovare
15:0 PUPDy/[1:0] RW &?er:j%f)oo (PB, SWD not config- 00: No pull-up, pull-down
161 (PC, SWD configured), o Eﬂ:::ggwn
16'n0 (PC, SWD not configured) 11: Reservedl1: Reserved

9.4.5. GPIO port input data register (GPIOx_IDR) (x = A, B, C)

Address offset: 0x10
Reset value: 0x0000 XXXX

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|f Res|] Resf Res|f Res|] Res| I D7 1 Dg 1 D 1 D4 1 D3 1 D2 1 DY 1 DQ(Q
- R R R R R R R R
Bit Name R/W Reset Value Function
31:8 Reserved - 0 -
y=7.0
7:0 IDy R - These bits are read-only. They contain the input value
of the corresponding I/O port.

9.4.6. GPIO port output data register (GPIOx_ODR) (x = A, B, C)

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|Res|Res|Res|Res| OD7/ OD6| OD5 OD4 OD3] OD?2  OD1 ODO
- RW| RW| RW| RW| RW| RW| RW| RW
Bit Name R/W Reset Value Function
31:8 Reserved - - -
y=7.0
These bits can be read and written by software.
7:0 ODy RW 86hO0 Note: the ODR bits can be individually set and/or
cleared by writing to the GPIOx_BSRR or
GPIOX_BRR register (x = A..F).

9.4.7. GPIO port bit set/reset register (GPIOx_

Address offset: 0x18
Reset value: 0x0000 0000

BSRR) (x = A, B, C)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res| Res|] Res| Res|] Res| Res| Res| Resf BR7/ BR6/ BR5 BR4 BR3] BR2 BR1 BRO
- W W W W W W W W
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res| Res|] Res| Res| Res| Res|] Res| Res| BS7 BS6 BS5 BS4 BS3 BS2 BS1 BSO
- W W W W W W W W
Bit Name R/W Reset value Function
31:24 Reserved - 0 -
23:16 BRy W goho |Y=70 . _
These bits are write-only. A read to these bits returns the value 0.
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0: No action on the corresponding ODy bit

1: Clears the corresponding ODy bit

Note: If both BSy and BRy are set, BSy has priority.

15:8 Reserved - - -

y=7..0

These bits are write-only. A read to these bits returns the value 0.
0: No action on the corresponding ODy bit

1: Sets the corresponding ODy bit

9.4.8. GPIO port configuration lock register (GPIOx_LCKR) (x = A, B, C)

7:0 BSy W 86h0

This register is used to lock the configuration of the port bits when a correct write sequence is applied to bit
16 (LCKK). The value of bits [7:0] is used to lock the configuration of the GPIO. During the write sequence,
the value of LCKR [7:0] must not change. When the LOCK sequence has been applied on a port bit, the

value of this port bit can no longer be modified until the next system reset.

Note: A specific write sequence is used to write to the GPIOx_LCKR register. Only word access (32-bit

long) is allowed during this locking 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 Res Res Res Res Res Res Res Res Res LCKK
- RW

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

Res | Res Res Res Res Res Res Res LCK7 | LCK6 | LCK5 | LCK4 | LCK3 | LCK2 | LCK1 | LCKO
RW RW RW RW RW RW RW RW

Bit Name R/W Reset Value Function
31:17 Reserved - - =
This bit can be read any time. It can only be modified using
the lock key write sequence.
0: Port configuration lock key not active
1: Port configuration lock key active. The GPIOx_LCKR regis-
ter is locked until the next system reset.
The write timing of the lock key: write 1-> write 0-> write 1->
16 LCKK RW 0 read 0-> read 1. The last read can be omitted, but it can be
used to confirm that the lock key has been activated.
Note: During the LOCK key write sequence, the value of
LCK[7:0] must not change. Any error in the lock sequence
aborts the lock. After the first lock sequence on any bit of the

port, any read access on the LCKK bit returns ¥ 1y until the
next MCU reset or peripheral reset.

15:8 Reserved - - -

y=7.0

These bits are read/write but can only be written when the
7:0 LCKy RW 86hO0 LCKK bitis '0".

0: Port configuration not locked
1: Port configuration locked

9.4.9. GPIO alternate function low register (GPIOx_AFRL) (x = A, B, C)

Address offset: 0x20
Reset value: 0x0000 0000

31] 30] 29] 28 27 ] 26 25] 24 23 [ 22] 21] 20 19 18 [17] 16
Res AFSEL7 [ 2 Res|AFSELG6 [2:|Res AFSELS5 [2:|Res|AFSEL4 [ 2:
- 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

Res AFSEL3 [ 2 Res|AFSEL2 [2:|Res AFSEL1 [2:|Res|AFSELO [ 2:
- RW] RW] RW - RW]RW] RW - RW[ RW] RW - RW [RW]RW
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Bit

Name

RIW

Reset Value

Function

31

Reserved

30:28

AFSEL7 [2:0]

RW

These hits are written by software to configure al-
ternate function 1/Os.
AFSEL7 Selection:
000: AFO

001: AF1

010: AF2

011: AF3

100: AF4

101: AF5

110: AF6

111: AF7

27

Reserved

26:24

AFSELS [2:0]

RW

These hits are written by software to configure al-
ternate function 1/Os.
AFSELS6 Selection:
000: AFO

001: AF1

010: AF2

011: AF3

100: AF4

101: AF5

110: AF6

111: AF7

23

Reserved

22:20

AFSEL5 [2:0]

RW

These bits are written by software to configure al-
ternate function 1/Os.
AFSELS5 Selection:
000: AFO

001: AF1

010: AF2

011: AF3

100: AF4

101: AF5

110: AF6

111: AF7

19

Reserved

18:16

AFSEL4 [2:0]

RW

These bits are written by software to configure al-
ternate function 1/Os.
AFSEL4 Selection:
000: AFO

001: AF1

010: AF2

011: AF3

100: AF4

101: AF5

110: AF6

111: AF7

15

Reserved

14:12

AFSEL3 [2:0]

RW

These bits are written by software to configure al-
ternate function 1/Os.
AFSELS3 Selection:
000: AFO

001: AF1

010: AF2

011: AF3

100: AF4

101: AF5

110: AF6

111: AF7

11

Reserved

10:8

AFSEL2 [2:0]

RwW

These bits are written by software to configure al-
ternate function 1/Os.

AFSEL2 Selection:

000: AFO

001: AF1

010: AF2

011: AF3
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Bit

Name

RIW

Reset Value

Function

100:
101:
110:
111:

AF4
AF5
AF6
AF7

Reserved

6:4

AFSEL1 [2:0]

RW

AFO
AF1
AF2
AF3
AF4
AF5
AF6
AF7

These hits are written by software to configure al-
ternate function 1/Os.
AFSEL1 Selection:
000:
001:
010:
011:
100:
101:
110:
111

Reserved

2:0

AFSELO [2:0]

RW

AFO
AF1
AF2
AF3
AF4
AF5
AF6
AF7

These bits are written by software to configure al-
ternate function 1/Os.
AFSELO Selection:
000:
001:
010:
011:
100:
101:
110:
111:

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

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
i 5 14 13 2 11 10 9 8 7 6 5 4 3 2 1 0
Res| Res| Res|Res|Res|Res| Res|Res| BR7| BR6| BR5| BR4| BR3| BR2| BR1| BRO
- W W W W W W W W
Bit Name R/W Reset Value Function
31:8 Reserved - - -
y=7.0
These bits are write-only. A read to these bits returns
7:0 BRy w 80 the value 0.
0: No action on the corresponding ODy bit
1: Clears the corresponding ODy bit
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10. System configuration controller (SYSCFG)

The FO02B-C Series devices feature a set of configuration registers. The main purposes of the system

configuration controller are the following:

> >

A

A
10.1.

Enabling/°@i sabl bggfliltering

Remapping the
Managing

Managing

memory

robustness

SYSCFG registers

|l ocated

t herrxptriniahe i momenecti on to

on S o0ome

t he

| O ports
at beginning

the GPI

featur e

10.1.1. SYSCFG configuration register 1 (SYSCFG_CFGR1)

This register is used for specific configurations of memory and to control special I/O features.

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

to select the physical remap by software and so, bypass the hardware Boot selection. After reset these bits

take the value selected by the actual Boot mode configuration.

Address offset: 0x00

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

Os

31 [ 30 [ 29 [ 28 [ 27 [ 26 [ 25 [ 24 [ 23 [ 22 ] 21 [ 20 19 18 17 16
Res I 2C_PB|{12C_PH | 2C_PB| 1 2C_PA
ElIlC ElI EllC ElIlC
- RW RW RW RW
15 [ 14 [13 12 ] 11 10 [ 9 [ 8 [ 7 [ 6 5 4 3 2 1 0
COMPI_OC-
COMP2 _0( = .
Res REF CLR RETFNclLR TIM1_IC1_SRC MEM_MODE[ 1:
RW RW RW RW
Bit Name R/W Reset Value Function
31:20 Reserved - - -
I2C Analog Filter Enable for Control PB6
19 12C_PB6_EIIC RwW 0 0: Analog filter disabled
1: Analog filter enabled
I2C Analog Filter Enable for Control PB4
18 12C_PB4_EIlIC RW 0 0: Analog filter disabled
1: Analog filter enabled
I2C analog filtering enable for controlling PB3
17 12C_PB3_EIIC RwW 0 0: Analog filter disabled
1: Analog filter enabled
I2C Analog Filter Enable for Control PA2
16 12C_PA2_EIIC RW 0 0: Analog filter disabled
1: Analog filter enabled
15:6 Reserved - - -
1: COMP2 output as TIM1 ocref chr input
5 COMP2_OCREF_CLR TIM1 RwW 0 0: COMP2 output is not as TIM1 ocref chr in-
put
1: COMP1 output as TIM1 ocref chr input
4 COMPI_OCREF_CLR TIM1 RW 0 0: COMP1 output is not as TIM1 ocref chr in-
put
TIM1 CH1 input source:
. 00, 11: TIM1 CH1 IO
3:2 TIM1_IC1_SRC RW 0 01: COMP1
10: COMP2
Memory mapped select bit
. . ) Set and cleared by software. They control
Lo MEM_MODE(L.0] RW the mapping of 0x0000 0000 addresses of
the memory. After reset these bits take the
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Bit Name R/W Reset Value Function

value selected by the actual boot mode con-
figuration.

X0: Main flash, mapped at 0x0000 0000

01: System flash, mapped at 0x0000 0000
11: SRAM at 0x0000 0000

10.1.2. SYSCFG configuration register 2 (SYSCFG_CFGR2)

Address offset: 0x18
Reset value: 0x0000 0000

31 [ 30 [ 29 [ 28 [ 27 [ 26 | 25 [ 24 [ 23 [ 22 ] 21 ] 20 | 19 [ 18 | 17 ] 16
Res
15]14J13]12J112] 10 | 9 8 [ 7] 65 4 3 2 [ 1 0
Res ETR_SRC_TI Res COMP2_B | COMP1_BRK R LOCKUP
M1 RK_TIM1 _TIM1 _LOCK
- RW - RW RW - RW
Bit Name R/W | Reset Value Function
31:11 Reserved - -

TIMER1 ETR input source selection.
2 'b00: ETR derived from GPIO

10:9 ETTITA—f[Jle] RW 260 2'b01: ETR derived from COMP1
- ' 2 'b10: ETR derived from COMP2
2 'b11: ETR derived from ADC
8:5 Reserved - - -
COMP2 is enabled as a TIMx break input.
4 COM_IF_)IfVI—fRK RW 0 0: COMP2 output is not input as TIM1 break

1. COMP2 output as TIM1 break input
COMPL1 is enabled as a TIMx break input.

3 COM.PnlmlBRK - | RW 0 0: COMP1 output is not input as TIM1 break

1: COMP1 output as TIM1 break input

2:1 Reserved - - -
Enable Cortex-MO+ LOCKUP
Software set, system reset and clear. It enables and locks the
LOCKUP (HardFault) output of Cortex-MO + to the brake in-
0 LOCKUP_ RW 0 put of TIM1.
LOCK 0: The LOCKUP output of Cortex-MO + is not connected to the

brake input of TIM1
1: The LOCKUP output of Cortex-MO + is connected to the brake
input of TIM1

10.1.3. GPIO filter enable (GPIO_ENS)

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 PC_ENS

- RW | RW

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

RW | RW | RW [ RW [ RW | RW | RW | RW RW [ RW | RW [ RW [ RW | RW | RW | RW

Bit Name R/W Reset Value Function
31:18 Reserved - - -
Noise filter enabled, set 1 to take effect
17:16 PC_ENS[X] RW 2&0 0: Noise filter is not activated
1: Start the noise filter
Noise filter enabled, set 1 to take effect
15:8 PB_ENSI[X] RW 80 0: Noise filter is not activated
1: Start the noise filter
Noise filter enabled, set 1 to take effect
7:0 PA_ENSIX] RW 806 h 0: Noise filter is not activated
1: Start the noise filter
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11. Interrupts and events

11.1. Nested vectored interrupt controller (NVIC)

11.1.1. Main features

A Support 13 maskarbupet se x(tneortn ailncilnutdeirng the si x
A 4 programmable priority levels (2 bits of i
A Lowatency exception and interrupt handling
A Power management control

A I mplementation of system control registers

CPU

The NVIC and the processor core interface are closely coupled, which enables low latency interrupt pro-

cessing and efficient processing of late arriving interrupts. All interrupts including the core exceptions are

managed by the NVIC.

11.1.2. SysTick calibration value register

The SysTick calibration value is set to 6000, which gives a reference time base of 1 ms with the SysTick

clock set to 6 MHz (max frcLk/8).

11.1.3. Interrupt and exception vectors

Tabl¥Vector table
Position Priority Ri%?ito); Acronym Description Address
- - - - Reserved 0x0000_0000
- -3 fixed Reset Reset 0x0000_0004
NMI
. 2 fixed NMI_Handler The RCC Clock Security System 0x0000_0008
(CSS) is coupled to
NMI vector
- -1 fixed HardFault_Handler All classes of fault 0x0000_000C
- 3 settable SVCall System service call via SWI instruction | 0x0000_002C
- 5 settable PendSV Pendable request for system service 0x0000_0038
- 6 settable SysTick System tick timer 0x0000_003C
0 7 - Reserved Reserved 0x0000_0040
1 8 - Reserved Reserved 0x0000 0044
2 9 - Reserved Reserved 0x0000 0048
3 10 settable Flash Flash global interrupt 0x0000_004C
4 11 settable RCC RCC global interrupt 0x0000_0050
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 7 EXTI Line [7:4] interrupt 0x0000_005C
8 15 - Reserved Reserved 0x0000_0060
9 16 - Reserved Reserved 0x0000_0064
10 17 - Reserved Reserved 0x0000 0068
11 18 - Reserved Reserved 0x0000 _006C
12 19 settable | ADC_COMP t’?}?jjgﬁ‘fzgﬁ“ﬁe‘gf;‘igg (COmP 0x0000_0070
13 20 settable TIM1_BRK_UP_TRG | TIM1 _bregk, update, trigger and com- 0x0000 0074
_COM mutation interrupt -
14 21 settable TIM1_CC TIM1 capture compare interrupt 0x0000_0078
15 22 - Reserved Reserved 0x0000 007C
16 23 - Reserved Reserved 0x0000_0080
17 24 settable LPTIM1 LPTIM interrupts 0x0000_0084
18 25 - Reserved Reserved 0x0000 0088
19 26 settable TIM14 TIM14 global interrupt 0x0000_008C
20 27 - Reserved Reserved 0x0000 0090
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Position Priority g?lir())?itoyf Acronym Description Address
21 28 - Reserved Reserved 0x0000 0094
22 29 - Reserved Reserved 0x0000_0098
23 30 settable 1’C1 I2C1 global interrupt 0x0000_009C
24 31 - Reserved Reserved 0x0000 _00A0
25 32 settable SPI1 SPI1 global interrupt 0x0000 00A4
26 33 - Reserved Reserved 0x0000 _00A8
27 34 settable USART1 USART1 global interrupt 0x0000_00AC
28 35 - Reserved Reserved 0x0000_00BO
29 36 - Reserved Reserved 0x0000 _00B4
30 37 - Reserved Reserved 0x0000 _00B8
31 38 - Reserved Reserved 0x0000_00BC

11.2. Extended interrupts and events controller (EXTI)

The extended interrupt and event controller (EXTI) manages the CPU and system wake-up through config-

urable and direct event inputs (lines). It outputs following signals:

A lnterrupt request, generating |IRQ of CPU
A Event reegmuersdating CPU event input (RXEV)
A The wakerequest is sent to the power consumption ma
The EXTI wake-up requests allow the system to be woken up from Stop modes. The interrupt request and
event request generation can also be used in Run mode.
EXTI allows to manage up to 11 configurable/direct event inputs (including 10 configurable event inputs
and 1 direct event inputs).
11.2.1. EXTI main features
A The system can wake up via GPI O and specified modul
A Configewvebte (from |/ Os, peripherals not having an
peripherals generating a pul se)
i Selectable active trigger edge
i I nterrupt pending status bits
i Il ndi vidual interrupt and event generation mask
i SW trigger possibility
A Diect events (from peripherals having an associated
i Fixed rising edge active trigger
i No interrupt pending status bit in the EXTI
i Il ndi vidual interrupt and event generation mask
I No SW trigger possibility
A 1/ O port selector

85271



PY32F002B-C Reference Manual

11.2.2. EXTI block diagram

exti
IAHB igterface
Registers
helk
X > RCC
v wkup_stop
PAX
PBx
GPI EXT
PCx MUX > PWR
Events| Event
Software Config triggers ———» . > i
Trigger Masking
Detect cpu_rxev -/
Wakeup -~ >
Perl Interrupt| Interrupt CPU
Masking IRQ31:0]
ext] int_comb
v
Interrupts cpu_irq[31:0]
Int_ctrl

Fi gafdleE XTI Dbl ock diagram
11.2.3. EXTI configurable event trigger wake-up

By configuring the EXTI_SWIER register, the software can trigger the wake-up function.

There is a corresponding register configuration to trigger a rising edge or falling edge or double edge to
trigger a configurable type event. The hardware detects a configurable type event input signal according to

the configuration to generate a corresponding wake-up event or interrupt signal.

The CPU has its dedicated interrupt mask register and a dedicated event mask registers. The input signal
rxev is output to the CPU after all events OR operation to the CPU.

Configurable type events have a unique interrupt suspend request register, which is shared with the CPU.
The suspend register is set only if the CPU interrupt mask register (EXTI_IMR) is configured to be unmasked.
Each configurable type event will correspond to an external CPU interrupt signal (some will be multiplexed
to the same external CPU interrupt signal). A Configurable type event interrupt requires the CPU to clear it
by writing 1 to the EXTI_PR register.

Note: When a bit of the interrupt suspend register (EXTI_PR) remains active (not cleared), the system

cannot enter low power mode.
11.2.4. EXTI direct event input wake-up

Direct events will generate interrupts in the EXTI module and will generate event signals that wake up the
system and CPU. When the CPU processes the interrupt generated by this type of trigger event, the soft-

ware needs to clear the interrupt status bit of the peripheral module.
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11.2.5. EXTI multiplexer

The GPIOs are connected to 8 external interrupt/event lines:

EXKib its EX11b its

pmg—»j PALI:I—>W
P} > EXT0 > PR[] > EXT >
POC——> J PAC—— > J
EX‘leitS EX‘jbits
PRCI— PRC——>
EXT2 EXT3
PR —— > PBC——>

EXT1b its EXT1bits
PMCF——> PALCF—"">
EX™ EXTS
PRILT—— > PBEF——>
EXTib its EXTllbits

P ———> PAC——>
EXTo EXTI
PB——> PEC——>

Figad2&Ext ernal interrupt/ event GPI O mappin

The EXTI lines are connected as shown as follows:

Tabl®EXTI |l ines connections

EXTI | Line source Line type

Li n-& GPI1 O Configurable

Li né&68 Reserved -

]

i COMP 1 output Configurable

N

COMP out put Configurable

Re

7]

Re

Re

Re

Re

Re

Re

ninlnn|ln(n|n

@ (DD [D|D|D]|D]|D

=[=|=[=|=|=|=|=

oloaoalalo|la|
1

Re

Py
®
V]
<

o |2|o|o|o|o|o|o|o|o

o
]

Reser

|l ol 1 ot ol ol 1 sl ol ol ol I el LD
S|o|os|o|o|s|s|s|ss|s| o [P
@ |®|D|[®|(®|D|(®|®|D|®(®]|®

\
\
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\s
\
\
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e
\
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LPTI direct
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11.3. EXTI register
The peripheral registers have to be accessed by word (32-bit), half-word (16 bits), and byte (8 bits).

11.3.1. EXTIrising trigger selection register (EXTI_RTSR)

Address offset:0x00
Reset value: 0x0000 0000

Contains only register 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 Res Res RT18 RT17 Res
- RW RW -
i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res Res Res Res Res Res Res Res RT7 | RT6 | RT5 | RT4 | RT3 RT2 RT1 RTO
- - - - - - - - RW RW RW RW RW RW RW RW

Bit Name R/W | Reset Value Function
31:19 Reserved - - -
Rising trigger event configuration bit of linel8
18 RT18 RW 0 0: Disabled
1: Enabled
Rising trigger event configuration bit of line17
17 RT17 RW 0 0: Disabled
1: Enabled
16:8 Reserved - - -
Rising trigger event configuration bit of line7
7 RT7 RW 0 0: Disabled
1: Enabled
Rising trigger event configuration bit of line6
6 RT6 RW 0 0: Disabled
1: Enabled
Rising trigger event configuration bit of line5
5 RT5 RW 0 0: Disabled
1: Enabled
Rising trigger event configuration bit of line4
4 RT4 RW 0 0: Disabled
1: Enabled
Rising trigger event configuration bit of line3
3 RT3 RW 0 0: Disabled
1: Enabled
Rising trigger event configuration bit of line2
2 RT2 RW 0 0: Disabled
1: Enabled
Rising trigger event configuration bit of linel
1 RT1 RW 0 0: Disabled
1: Enabled
Rising trigger event configuration bit of line0
0 RTO RW 0 0: Disabled
1: Enabled

The external wakeup lines are edge triggered. No glitches must be generated on these lines. If a rising edge
on an external interrupt line occurs during a write operation to the EXTI_RTSR register, the pending bit is

not set.

Rising and falling edge triggers can be set for the same interrupt line. In this case, both generate a trigger

condition.

11.3.2. EXTlI falling trigger selection register (EXTI_FTSR)

Address offset;: 0x04
Reset value: 0x0000 0000

Contains only register bits for configurable events.
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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 FT18 | FT17 Res
- RW RW -
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res Res Res Res Res Res Res | Res | FT7 | FT6 | FT5 | FT4 | FT3 FT2 FT1 FTO
- - - - - - - - RW | RW | RW | RW | RW | RW RW | RW
Bit Name R/W | Reset Value Function
31:19 Reserved - - -
Falling trigger event configuration bit of linel8
18 FT18 RW 0 0: Disabled
1: Enabled
Falling trigger event configuration bit of linel7
17 FT17 RW 0 0: Disabled
1: Enabled
16:8 Reserved - - -
Falling trigger event configuration bit of line7
7 FT7 RW 0 0: Disabled
1: Enabled
Falling trigger event configuration bit of line6
6 FT6 RW 0 0: Disabled
1: Enabled
Falling trigger event configuration bit of line5
5 FT5 RW 0 0: Disabled
1: Enabled
Falling trigger event configuration bit of line4
4 FT4 RW 0 0: Disabled
1: Enabled
Falling trigger event configuration bit of line3
3 FT3 RW 0 0: Disabled
1: Enabled
Falling trigger event configuration bit of line2
2 FT2 RW 0 0: Disabled
1: Enabled
Falling trigger event configuration bit of linel
1 FT1 RW 0 0: Disabled
1: Enabled
Falling trigger event configuration bit of line0
0 FTO RW 0 0: Disabled
1: Enabled

The configurable wakeup lines are edge-triggered. No glitches must be generated on these lines. If a falling

edge on a configurable interrupt line occurs during a write operation to the EXTI_FTSR register, the pending

bit is not set.

Rising and falling edge triggers can be set for the same interrupt line. In this case, both generate a trigger

condition.

11.3.3. Software interrupt event register (EXTI_SWIER)

Address offset: 0x08
Reset value: 0x0000 0000

Contains only register 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 Res Res | SW18 | SW17 Res
- RW RW -
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res Res Res Res Res Res Res Res | SW7 | SW6 | SW5 | SW4 | SW3 | SW2 SW1 | SWO0
- - - - - - - - RW RW RW RW RW RW RW RW
Bit Name R/W | Reset Value Function
31:19 Reserved - - -
18 SWI1s8 RW 0 R.ising trigger event configuration bit of line18
0: No effect
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Bit Name R/W | Reset Value Function

1: Generate rising trigger event, which in turn generates interrupt
This bit is cleared by hardware, and read returns 0 (after hard-
ware clearing) or configuration value (before hardware clearing)
Rising trigger event configuration bit of linel7

0: No effect

1: Generate rising trigger event, which in turn generates interrupt
This hit is self-cleared by the hardware. Read returns 0.

16:8 Reserved - - -

Rising trigger event configuration bit of line7

0: No effect

7 SWI7 RW 0 1: Generate rising trigger event, which in turn generates interrupt
This bit is cleared by hardware, and read returns O (after hard-
ware clearing) or configuration value (before hardware clearing)
Rising trigger event configuration bit of line6

0: No effect

6 SWI6 RW 0 1: Generate rising trigger event, which