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1.Documentation conventions

1.1.

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 Write 0
(RC_WO0)

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

on this bit.

Read/Clear Write 1
(RC_W1)

The software can read this bit or clear this bit by writing 1, writing 0 has no ef-

fect on this bit.

Read/Clear Write (RC_W)

Software can read as well as clear this 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 its value.

Read/set (RS)

The software can read this bit or set it to 1. Writing 0 has no effect on this bit.

Toggle (T)

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

Reserved (Res.)

Reserved bit, must be kept at reset value.

1.2.

Availability of peripherals

For availability of peripherals and their number across all sales types, refer to the particular device

datasheet.
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2.System architecture block
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3.Memory and bus architecture

3.1. System architecture

The system consists of:
A Two Masters

i Cortex-MO + core

i General-purpose DMA
A Three Slaves

[ Internal SRAM

[ Internal Flash memory

i AHB with AHB-to-APB bridge that connects all the APB peripherals

Flash interface

il

SRAM

Flash

ARM e
CortexMO0+ System bus

SRAM

\

Bus matrix

GPIO BCF
AHB AHBAPB bridge APB
ADCOPA
DMA Chl to Ch7 DMA bus TIMLTIME TIMG,
Q TIMLA,TIML5, TIML6,TIML7
4 TIMG, TIM?,
| LPTIM,
RTGPWR
g WABGWDG
USART, USARZ,
K_—> RCC USAR3,USARZ,
N =l eee] ARIUSH
SYSCEBBGMCU
<:> 4—' 21, 12c2,
DMA request N LCDCTRICOMPCTRL

FigBi®&ystem architecture
A System bus
This bus connects the system bus of the Cortex®-MO0+ core (peripheral bus) to a bus matrix that
manages the arbitration between the core and the DMA.
A DMA bus

This bus connects the AHB master interface of the DMA to the bus matrix that manages the access
of CPU and DMA to SRAM, Flash memory and AHB/APB peripherals.

A Bus matrix

The bus matrix manages the access arbitration between the core system bus and the DMA master
bus. The arbitration uses a Round Robin algorithm. The bus matrix is composed of masters (CPU,

DMA) and slaves (Flash memory interface, SRAM and AHB-to-APB bridge).
A AHB-to-APB Bridge (APB)
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3.2.

3.2.1.

The AHB-to-APB bridge provides full synchronous connections between the AHB and the APB bus.
Refer to Section 3.2:Memory organization for the address mapping of the peripherals connected to
this bridge.

Memory organization

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 wordés | east significant

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

OXFFFF FFFH
Block7
ARM Cortex @+
0xEDOO 0000 Internal periphrals
Block6
0x@00 0000 0x5001 FFF
IOgRT 0x5000 0000
Blocks
0x4002 6FF
0xA000 0000 AHB
0x4002 0000
Block4
0x4001 BFF
APB
0x8000 0000 0x4001 0000
Block3 O0x4000A7FF
APB
OX6000 0000 0x4000 0000
Block2 OX1FFF FFFH
Periphrals Reserved
0x4000 0000 O0x1FFR3400
Factory configbytes OX1EER3200
Blockl Option bytes OXIFFR3100
UID
0x20004000 OX1FFR000
RAM
0x2000 0000 System memory
O0x1FFF000
Blocko Ox0801FFFF
Code Main flash
00000 0000 0x0800 0000
Main flash Ox0001FFFF
Add bl System flash
ressable space
P RAM 0x0000 0000

Figd2Memory map
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Tab3kMe mory

boundary

addr ess

Type Boundary address Size Memory area Descriptions
0x2000 4000-0x3FFF FFFF - Reserved® -
SRAM
0x2000 0000-0x2000 3FFF 16 KB SRAM SRAM up to 16 KB
Ox1FFF 3400-0x1FFF FFFF = Reserved =
Ox1FFF 3200-0x1FFF 33FF 256 Bytes Factory configuration bytes | -
See section 4.4 Flash option
Ox1FFF 3100-Ox1FFF 31FF 256 Bytes Option bytes
bytes
Refer to section 4.3 Unique
Ox1FFF 3000-0Ox1FFF 30FF 256 Bytes uiD
device ID (UID)
Ox1FFF 0000-Ox1FFF 2FFF 12 KB System memory -
Code 0x0802 0000-0x1FFE FFFF - Reserved -
0x0800 0000-0x0801 FFFF 128 KB Main flash -
0x0002 0000-0x07FF FFFF - Reserved -
Depending on the Boot
configuration:
0x0000 0000-0x0001 FFFF 128 KB 1) Main flash -
2) System memory
3) SRAM
Tab32Peri pher al register address
Bus Boundary address Size Peripheral
OxEO000 0000-0XEOOF FFFF - MO+
0x5000 1800-0x5FFF FFFF - Reserved
0x5000 1400-0x5000 17FF 1KB GPIOF
0x5000 1000-0x5000 13FF - Reserved
IOPORT | 0x5000 0C00-0x5000 OFFF - Reserved
0x5000 0800-0x5000 OBFF 1 KB GPIOC
0x5000 0400-0x5000 07FF 1KB GPIOB
0x5000 0000-0x5000 03FF 1 KB GPIOA
0x4002 4000-0x4FFF FFFF - Reserved
0x4002 3C00-0x4002 3FFF - Reserved
AHB 0x4002 3800-0x4002 3BFF 1 KB DIv
0x4002 3400-0x4002 37FF - Reserved
0x4002 3000-0x4002 33FF 1KB CRC
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Bus Boundary address Size Peripheral
0x4002 2400-0x4002 2FFF = Reserved
0x4002 2000-0x4002 23FF 1KB Flash
0x4002 1C00-0x4002 1FFF = Reserved
0x4002 1800-0x4002 1BFF 1 KB EXTI
0x4002 1400-0x4002 17FF 1 KB Reserved
0x4002 1000-0x4002 13FF 1KB RCC
0x4002 0400-0x4002 OFFF = Reserved
0x4002 0000-0x4002 03FF 1KB DMA
0x4001 5C00-0x4001 FFFF = Reserved
0x4001 5800 - 0x4001 5BFF 1 KB DBG
0x4001 4C00 - 0x4001 57FF - Reserved
0x4001 4800 - 0x4001 4BFF 1 KB TIM17
0x4001 4400 - 0x4001 47FF 1 KB TIM16
0x4001 4000 - 0x4001 43FF 1 KB TIM15
0x4001 3C00 - 0x4001 3FFF = Reserved
0x4001 3800 - 0x4001 3BFF 1 KB USART1
0x4001 3400 - 0x4001 37FF 1 KB Reserved
0x4001 3000 - 0x4001 33FF 1KB SPI1/12S1
0x4001 2C00 - 0x4001 2FFF 1 KB TIM1
0x4001 2800 - 0x4001 2BFF - Reserved

APB 0x4001 2400 - 0x4001 27FF 1 KB ADC
0x4001 0400 - 0x4001 23FF - Reserved
0x4001 0300 - 0x4001 03FF OPA
0x4001 0200 - 0x4001 02FF 1 KB COMP
0x4001 0000 - 0x4001 01FF SYSCFG
0x4000 8000-0x4000 FFFF - Reserved
0x4000 7C00 - 0x4000 7FFF 1 KB LPTIM1
0x4000 7400 - 0x4000 7BFF - Reserved
0x4000 7000 - 0x4000 73FF 1KB PWR
0x4000 5CO00 - 0x4000 6FFF - Reserved
0x4000 5800 - 0x4000 5BFF 1KB 1’C2
0x4000 5400 - 0x4000 57FF 1 KB 12C1
0x4000 5000 - 0x4000 53FF - Reserved
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Bus

Boundary address Size Peripheral
0x4000 4C00 - 0x4000 4FFF 1 KB USART4
0x4000 4800 - 0x4000 4BFF 1 KB USART3
0x4000 4400 - 0x4000 47FF 1 KB USART2
0x4000 3C00 - 0x4000 43FF 2 KB Reserved
0x4000 3800 - 0x4000 3BFF 1 KB SPI2/12S2
0x4000 3400 - 0x4000 37FF - Reserved
0x4000 3000 - 0x4000 33FF 1 KB IWDG
0x4000 2C00 - 0x4000 2FFF 1KB WWDG
0x4000 2800 - 0x4000 2BFF 1 KB RTC
0x4000 2400 - 0x4000 27FF 1KB LCD
0x4000 2000 - 0x4000 23FF 1 KB TIM14
0x4000 1800 - 0x4000 1FFF - Reserved
0x4000 1400 - 0x4000 17FF 1 KB TIM7
0x4000 1000 - 0x4000 13FF 1KB TIM6
0x4000 0800 - 0x4000 OFFF - Reserved
0x4000 0400 - 0x4000 07FF 1KB TIM3
0x4000 0000 - 0x4000 03FF 1KB TIM2
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3.3. Embedded SRAM
Embedded up to 16 KB SRAM is accessible by byte, 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:128 KB, consisting of application and user data, accessing memory out-
side the defined address range generates a HardFault interrupt.
A 13 KB of Information area:
i Factory configuration:256*2 Bytes, used to store TS DATA, HSI Clock Re-trimming and other
data
i Option bytes:256 Bytes, used to store the configuration information
[ UID:256 Bytes, used to store the UID
i System memory:12 KB, used to store the Boot loader.
Flash controller realizes instruction reading and data access based on AHB protocol, and it also real-
izes basic program/erase operations of Flash through registers.
3.5. Boot modes
At startup, the BOOTO pin and the boot configuration bit nBOOT1 (stored in option bytes) are used to
select one of the three boot options in the following table:
Table 3-3 Boot configuration
Boot mode configuration
Mode
nBOOT1 bit BOOTO pin
X 0 Boot from Main flash
1 1 Boot from System memory
0 1 Boot from SRAM

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, system memory or SRAM is accessible as follows:

A Boot from Main flash:The Main flash memory is aliased in the boot memory space (0x0000
0000), but still accessible from its original memory space (0x0800 0000). In other words, the

Flash memory contents can be accessed starting from address 0x0000 0000 or 0x0800 0000.

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

accessible from its original memory space (0x2000 0000).
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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 SYS-
CFG_CFGR1 (see the SYSCFG chapter for details).

3.5.2. Embedded boot loader

The embedded boot loader is located in the System memory, programmed during production. It is
used to reprogram the Flash memory with one of the available serial interfaces:

A USART1, PA9/PA10
A PAl11/PA12
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4.Embedded Flash memory

addr ess

4.1. Flash main features
A Main flash block:up to 128 KB
A Information block:13 KB
A Page size:256 Bytes
A Sector size:8 KB
Flash memory interface features:
A Flash program and erase, and the smallest unit is page
A Only supports writing 0 but not writing 1. The erased value is 1
A Programming operations of option bytes
A Read protection
A Write 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 256 Bytes and the Sector size is 8 KB.
Functionally, Flash memory is divided into Main flash and Information flash. The former has a maxi-
mum capacity of 128 KB, and the latter has a capacity of 13 KB.
Tab4-eFl ash structure and boundary
Block Sector Page Base address Size
Sector 0 Page 0-31 0x0800 0000-0x0800 1FFF 8 KB
Sector 1 Page 32-63 0x0800 2000-0x0800 3FFF 8 KB
Sector 2 Page 64-95 0x0800 4000-0x0800 5FFF 8 KB
Main flash - - - -
e e e e
Sector 14 Page 448-479 0x0801 C000-0x0801 DFFF 8 KB
Sector 15 Page 480-511 0x0801 EO00-0x0801 FFFF 8 KB
System flash Page 0-46 Ox1FFF 0000-Ox1FFF 2EFF 11.75 KB
Reserved Page 47 Ox1FFF 2F00-Ox1FFF 2FFF 256 Bytes
uiD Page 48 Ox1FFF 3000-0x1FFF 30FF 256 Bytes
Option bytes Page 49 Ox1FFF 3100-0Ox1FFF 31FF 256 Bytes
Factory configura- info
Page 50 Ox1FFF 3200-0x1FFF 32FF 256 Bytes
tion O
Factory configura-
ion 1 Page 51 Ox1FFF 3300-0Ox1FFF 33FF 256 Bytes
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4.2.2.

4.2.3.

4.2.3.1.

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.

Flash program and erase operations

The Flash memory can be programmed using in-circuit programming (ICP) or in-application pro-
gramming (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 itera-

tions and eliminates unnecessary package handling or socketing of devices.

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 com-
pleted. 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.
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.
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4.2.3.2.

4.2.3.3.

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.

Flash memory programming

Flash memory writes the entire page in word (32-bit) units (HardFault will be generated if writes half-
word or byte) at a time. 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 HardFault interrupt.

If the address main Flash memory location is write-protected by the FLASH_WRPR register, the pro-
gram operation is skipped and the WRPERR bit in the FLASH_SR register will 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 Flash memory operation is ongoing by checking the BSY bit in the
FLASH_SR register.

2. Ifthere is no flash erase or program operation in progress, the software reads out 64 words of
the Page (this step is performed if the Page already has data stored, otherwise this step is
skipped)

3.  Write KEY1 and KEY2 to the FLASH_KEYR register to unlock the protection of the FLASH_CR

register

Set the PG bit and EOPIE bit in the FLASH_CR register

Program the 1st to 63rd words to the target address (only 32-bits programs are accepted)

Set the PGSTRT bit in the FLASH_CR register

Write the 64th Word

Wait until the BSY bit is reset in the FLASH_SR register

© © N o 0 &~

Check that EOP flag is set in the FLASH_SR register (meaning that the programing operation
has succeed), and then clear it by software

10. Clear the PG bit if there is no more programming request anymore

When the step 7 is carried out, the program operation is automatically started and the BSY bit is set

simultaneously.

Flash memory erase

The Flash memory erase operation can be performed at page level, sector level (sector erase) or on
the whole Flash memory (mass erase).

Page erase

When a page is write-protected, it will not be erased and the WRPERR bit is set. To erase a page,

follow the procedure below:

1. Check that no main Flash memory operation is ongoing by checking the BSY bit in the
FLASH_SR register.

2.  Write KEY1 and KEY?2 to the FLASH_KEYR register to unlock the protection of the FLASH_CR

register
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3. Setthe PER bit and EOPIE bit in the FLASH_CR register
4. Write arbitrary data to this Page (must be 32-bit data)

5.  Wait for the BSY bit to be cleared.

6. Check that EOP flag bit is set

7. Clear EOP flag

Mass erase

Mass erase is used to erase the whole Main flash memory. Further, when WRP is enabled, the mass

erase function is invalidated, no mass erase operation is generated, and the WRPERR bit is set.

To perform a Mass erase, follow the procedure below:

1. Check the BSY bit to confirm if there are ongoing Flash operations

2.  Write KEY1 and KEY?2 to the FLASH_KEYR register to unlock the protection of the FLASH_CR
register

3. Setthe MER bit and EOPIE bit in the FLASH_CR register

4. Write any data (32-bit data) to any Main flash space

5. Wait for the BSY bit to be cleared.

6. Check that EOP flag bit is set

7. Clear EOP flag

Sector erase

Sector erase is used to erase 8 KB of Main flash. In addition, when a sector is protected by WRP, it

will not be erased, and the WRPERR bit is set at this time.

To perform a Sector erase, follow the procedure below:

p>3

Check the BSY bit to confirm if there are ongoing Flash operations
Write KEY1 and KEY2 to the FLASH_KEYR register to unlock the protection of the FLASH_CR

>

register
A Setthe SER bit and EOPIE bit in the FLASH_CR register
A Write arbitrary data to this Sector
A Wait for the BSY bit to be cleared.
A  Check that EOP flag bit is set
A  Clear EOP flag

4.2.3.4. Program and erase time configuration

The time of Flash program and erase needs to be strictly controlled, otherwise the operation will fail.
Power-on by default, the hardware design sets the time parameters of program and erase operations
to the parameters with HSI of 24 MHz. When the HSI output frequency is changed, the Flash pro-
gram and erase time control registers need to be configured according to the following table.

Tab4-2Pr ogram and erase time configuration

Regi ster 8 MHz 24 MHz
TSO 0x3C 0OxB4
TS1 0x90 0x1BO
TS2P 0x3C 0OxB4
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Regi ster 8 MHz 24 MHz
TPS3 0x240 0x6CO
TS3 0x3C O0x B4
PERTPE O0x6D60 0x14820
SMERTPE O0x6D60 0x14820
PRGTPE Ox1F40 0x5DCO
PRETPE 0x640 0x12CO
4.3. Unique device ID (UID)
Typical application scenarios of unique identification code:
A Used as a serial number
A When programming internal flash memory, use it as a key or encryption primitive to improve code
security
A To activate secure boot processes, etc.
The UID provides a reference number that is unigque 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.
The UID of this product is shown in the following table:
Base address:0x1FFF 3000
Tab4-FUni gue device | D (UI D)
Ul D Bits
Addr ess Descriptio
7 6 5 4 3 2 1 0
0 Lot Numer Lot NumbernchI&Idl
1 Lot Numer Lot NumbernchII&Idl
2 Lot Numer Lot NumbernchSicldl
3 Lot Numer Lot NumbernchSiclIdl
4 Wafer Numbe Waf er Number
5 Lot Numer Lot Numbernch3icldl
6 Lot Numer Lot NumbernchSIicldl
7 LoNumer Lot NumbernchSIicldl
8 Int er nal enc Int er nal encoded
9 Lowc¥ordinat Lowc¥ordinate
10 Low-coordinat Lowcoordinate
11 Hi gkh-¥oor di na Hi giit oor di nat Hi gicoor di nat
12 CPp aslsD CP pass I D
13 CR@ CRC8 calvaédlraei on
14 Internal enc Internal encoded
15 Internal enc Internal encoded
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4.4. Flash option bytes
4.4.1. Flash option bytes
Part of the information area of flash is used as option bytes, which are configured by the end user
depending on the application requirements. As a configuration example, the watchdog may be se-
lected in hardware or software mode.
For data security, option bytes are stored separately in positive code and negative code form.
Tab4-40ption 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 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Option byte 1 Option byte 0

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

ing option registers referenced in the table.

Flash option register (FLASH_OPTR)

Flash BORCR address register (FLASH_BORCR)
Flash WRP area address register (FLASH_WRPR)

> > >

Tab4=Option byte

organi zation

Word address

Description

Ox1FFF 3100

Flash user option bytes and its complement

Ox1FFF 3108

Option bytes for BOR control and its complement

Ox1FFF 3110

Reserved

Ox1FFF 3118

Option bytes for Flash WRP address and its complement

Ox1FFF 3120 Reserved
Ox1FFF 3128 Reserved
é Reserved
é Reserved
é Reserved
Ox1FFF 31F8 Reserved
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4.4.1.1. Option bytes for Flash user options and its complement

Flash memory address:0x1FFF 3100

Production value:0x2755 D8AA

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

tion 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
~IWDG_STOP ~nBOOT1 ~ NRST_MODE ~WWDG_SW ~ IWDG_SW Res Res Res ~RDP[7:0]
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 8! 2 1 0
IWDG_STOP nBOOT1 NRST_MODE WWDG_SW IWDG_SW Res Res Res RDP[7:0]
R R R R R - - - R R R R R R R R
Bit Name R/W Function
31 ~IWDG_STOP R Complemented code of IWDG_STOP
30 ~nBOOT1 R Complemented code of nBOOT1
29 ~NRST_MODE R Complemented code of NRST_MODE
28 ~WWDG_SW R Complemented code of WWDG_SW
27 ~IWDG_SW R Complemented code of IWDG_SW
26:24 Reserved - Reserved
23:16 ~ RDP R Complemented code of RDP
Set the running state of IWDG timer in Stop mode
15 IWDG_STOP R 0:Freeze timer
1:Normal operation
14 nBOOT1 R Together with the BOOT PIN, select the boot mode
0:Reset input only
13 NRST_MODE R
1:GPIO function
0:Hardware window watchdog
12 WWDG_SW R
1:Software window watchdog
0:Hardware window watchdog
11 IWDG_SW R
1:Software window watchdog
10:8 Reserved - Reserved
OxAA:level 0, read protection is invalid
7:0 RDP R
Non-OxAA:level 1, read protection valid

4.4.1.2. Option bytes for BOR control and its complement

Flash memory address:0x1FFF 3108

Production value:0x1FFF EO00

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

tion byte area of the Flash information memory and written to the corresponding option bit of the register.
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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 ~BOR_EN Res Res Res Res Res
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 BOR_EN Res Res Res Res Res
R -
Bit Name R/W Function
31:22 Reserved - Reserved
21 ~BOR_EN R Complemented code of BOR_EN
20:6 Reserved - Reserved
BOR enabled
5 BOR_EN R 0:BOR disabled
1:BOR enabled
4:0 Reserved - Reserved
4.4.1.3. Option bytes for Flash WRP address and its complement

Flash memory address:0x1FFF 3118
Production value:0x0000 FFFF
After the power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding value is read from the op-

tion 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
~WRP[15:0]
R R R R R R R R R R R R R R R R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WRP[15:0]
R R R R R R R R R R R R R R R R
Bit Name R/W Function
31:16 ~WRP R Complemented code of WRP
0:sector [y] is protected
15:0 WRP R 1:sector [y] unprotected
y=0 to15
4.4.2. Flash option byte programming

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 per-

formed on the option byte.
The following steps are used to unlock the register:

1. Unlock the FLASH_CR with the LOCK clearing sequence

36/630



PY32F040-EP Reference Manual

44.2.1.

4.4.2.2.

2.  Write OPTKEY1 = 0x0819 2A3B to the FLASH_OPTKEYR register
3.  Write OPTKEY2 = 0x4C5D 6E7F to the FLASH_OPTKEYR register

Any wrong sequence will lock up the FLASH_CR register until the next system reset. In the case of a

wrong key sequence, a bus error is detected, and a HardFault interrupt is generated.

The user options (the option byte of information flash) can be protected against unwanted erase/pro-
gram operations by setting the OPTLOCK bit in the FLASH_CR register by software.

If the software sets the Lock bit, the OPTLOCK bit is also automatically set.
Modifying user options
The option bytes are programmed differently from a Main memory user address. To modify the op-

tion bytes, the following steps are needed:

A Clear the OPTLOCK bit using the previously described steps
A Check the BSY bit to confirm that there are no ongoing Flash operations
A Write the desired value (1 to 3 words) to the option byte register FLASH_OPTR /

FLASH_BORCR / FLASH_WRPR
A Set OPTSTRT bit
A Write any 32-bit data to the Main flash 0x4002 2080 address (trigger a formal write operation)
A Wait for the BSY bit to be cleared.
A Waiting for EOP to pull higher
A EOP is cleared by software
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_BORCR or FLASH_WRPR registers. The hardware automatically calculates the correspond-
ing complement 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:
1. When the OBL_LAUNCH bit in the FLASH_CR register is set
2. After a power reset (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_BORCR,
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 per-
formed under the system reset.
Each option bit has also its complement in the same double word. During option loading, a verifica-

tion of the option bit and its complement allows to check the loading has correctly taken place.

If the word and its complement are matching, the option byte is copied into the option register.
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If the word and its complement are not matching, the OPTVERR status bit of the FLASH_SR register

is set. Mismatch value are forced into the option registers:

A For User option
A The BOR_EN bit is written as 0 (BOR disabled)
A The NRST_MODE bit is written as 0 (reset input only)

A The RDP bit is written as Oxff (i.e. level 1)
A The rest of the mismatched values are written as 1

A For WRP option, the value of mismatch is because the default value is unprotected

Upon system reset, the option bytes are copied into the following option registers that can be read
and written by software:

A FLASH_OPTR

A FLASH_BORCR

A FLASH_WRPR

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

reflect the options states of the system.

4.5. Flash configuration bytes
A partial section (one page in total) of the Flash Information area in the device is used as the factory
configuration 0.
Page 0 stores information for software to read (only the code, not its complement is stored):
A HSI frequency selection value and corresponding Trimming value
A Configuration parameter values of erase and write time corresponding to different frequencies of
HSI
Tab4&Fact ory cormfnifg.gluytada s ®d nc
Pag{ Wor d Addr es Contents
0 OX1FFF Reserved
1 OX1FFF Stores HSI 8 Melketteqoneoaogtr ol and co
2 OXx1FFF Reserved
3 OX1FFF Reserved
Stores HSI 24 MHz frequency selection
4 OX1FFF
ues
5 OX1FFF TS_CAL1, <calibr attieomp evradtuer eofs e8rmsor
0 6 OX1FFF TS_CAL2, calibrattitempealateref sEdSor
7 OX1FFF Reserved
8 OX1FFF Reserved
9 OX1FFF Reserved
10 OX1FFF Reserved
11 OX1FFF Reserved
St or e¢otnfd guration values of the corre
12 OX1FFF
registers at HSI 8 MHz frequency
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Store the configuration values of the
13 Ox1FFF
FLASH_ _TPS3 registers at HSI 8 MHz fre
Storesontfhggua ati on value of the corres
14 Ox1FFF
the frequency of HSI 8 MHz
Stores the configuration value of the
15 Ox1FFF
the frequency of HSI 8 MHz
Store the oadfuiegurodt itchre corresponding
16 OX1FFF
FLASH_PRETPE registers at HSI 8 MHz f
17 OX1FFF Reserved
18 OX1FFF Reserved
19 OX1FFF Reserved
20 OX1FFF Reserved
21 OX1FFF Reserved
22 Ox1FFF Reserved
23 OxX1FFF Reserved
24 OxX1FFF Reserved
25 Ox1FFF Reserved
26 OxX1FFF Reserved
Store the configuration values of the
27 Ox1FFF
registers at HSI 24 MHz frequency
St or e&otniféd gur ation values of correspon
28 OxX1FFF
registers at HSI 24 MHz frequency
Stores the configuration value of the
29 Ox1FFF
the frequency of HSI 24 MHz
Storescsomfhieguration value of the correg
30 Ox1FFF
the frequency of HSI 24 MHz
Store the configuration values of the
31 Ox1FFF
FLASH_PRETPE registers at HS I 24 MHz
4.5.1. HSI_ TRIMMING_FOR_USER
Address:0x1FFF 3200 to Ox1FFF 3220
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | 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 R R R R R R

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.
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4.5.2. Calibration value of temperature sensor
Address:Ox1FFF 3228 (30 t+ ), Ox1FFF 3230 (105 + )
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 TSCAL[11:0]
- - - - R
The software needs to read data from this address.
45.3. HSI _8M/24M_EPPARAO
Address:0x1FFF 3260 (8 MHz),0x1FFF 32D8 (24 MHz)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res Res Res Res Res Res TS1[8:0]
- - - - - - - R R R R R R R R R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TS3[7:0] TS0 [7:0]
R R R R R R R R R R R R R R R R

The software needs to read data from the corresponding address according to the required HSI clock
frequency, and then write it to the FLASH_SO, FLASH_TS1, and FLASH_TS3 registers to realize the

configuration of the erasing and writing time required for the corresponding HSI frequency.

45.4. HSI_8M/24M_EPPARA1

Address:0x1FFF 3268 (8 MHz), OX1FFF 32E0 (24 MHz)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res Res Res Res TPS3[10:0]
- - - - - R R R R R R R R R R R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res Res Res Res Res Res | Res Res TS2P [7:0]
£ - - - - - - - R R R R R R R R
The software needs to read data from the corresponding address according to the required HSI clock
frequency, and then write it to the FLASH_TS2P and FLASH_TPS3 registers to realize the configu-
ration of the erasing and writing time required for the corresponding HSI frequency.
45.5. HSI 8M/24M_EPPARA2

Address: Ox1FFF 3270 (8 MHz),0x1FFF 32E8 (24 MHz)

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

PERTPE [15:0]

R R R R R R R R R R R R R R R 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 configuration of the erasing and writing time required for the corresponding HSI frequency.

45.6. HSI_8M/24M_EPPARA3

Address:0x1FFF 3278 (8 MHz),0x1FFF 32F0 (24 MHz)

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

The software needs to 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 configuration of the erasing and writing time required for the corresponding HSI frequency.

45.7. HSI_8M/24M_EPPARA4

Address:0x1FFF 3280 (8 MHz), OX1FFF 32F8 (24 MHz)

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

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

PRGTPE [15:0]

R R R R R R R R R R R R R R R R

The software needs to choose to read data from the corresponding address according to the re-
quired 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 fre-
qguency.

4.6. Flash protection

The protection of Main flash area includes the following mechanisms:
A Read protection (RDP) blocks external access.
A Write protection (WRP) prevents unwanted write operations (caused by confusion of program).

The size of write protection is designed to be 8 KB.

p>)

Option byte write protection is a special design for unlock.
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4.6.1. Flash read protection

The read protection is activated by setting the RDP option byte and then, by applying a system reset

(POR/BOR or OBL reset) to reload the new RDP option byte. RDP protects Main flash memory, op-

tion bytes, SRAM.

If the read protection is set while the debugger is still connected through SWD, apply power reset

instead of system

reset.

The Flash memory is protected when the RDP option byte and its complement contain the pair of

values.

Tab47%F|l ash read protection

status

RDP byte value

RDP completed byte value

Read protection level

OxAA

0x55

Level O

Any value of the combination except (OXAA and 0x55)

Level 1

Regardless of any protection level, System memory can only be read, and cannot Program and

Erase.

A Level 0:Unprotected

Read, program and erase operations within the Main flash memory area are possible. The option

bytes are also accessible by all operations.

A Level 1:Read protection

Level 1 read protection is set when the RDP byte and the RDP complemented byte contain any

value combinations other than (OXAA, 0x55). Level 1 is the default protection level.

i User mode:Code executing in user mode (boot from Main flash) can access Main flash

memory and option bytes with all operations.

i Debug, boot from SRAM and boot from System memory modes:In debug mode or when

code boots from SRAM or System memory, the Main flash memory is inaccessible. In these

modes, a read or write access to the Flash memory generates a bus error and a HardFault

interrupt.

When it is already at Level 1 (any number other than OxAA), if you want to modify it to Level O (write

0xAA), the hardware will perform a mass erase operation on the Main flash.

Tab4-&Rel ati onship of access status to protection
Boot from Main flash (CPU) | Debug/Boot from SRAM/
Read
Boot from System DMA
Area protection Users execution
memory
level
Read Write Erase Read Write Erase Read Write Erase
System Yes No No Yes No No No No No
0/1
memory Yes No No Yes No No No No No
Option Yes Yes Yes Yes Yes Yes No No No
0/1
byte area Yes Yes Yes Yes Yes Yes No No No
0/1 Yes No No Yes No No No No No
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Boot from Main flash (CPU) | Debug/Boot from SRAM/
Read
Boot from System DMA
Area protection Users execution
memory
level
Read Write Erase Read Write Erase Read Write Erase
Factory
configura- Yes No No Yes No No No No No
tion 0
Yes No No Yes No No No No No
uiD 0/1
Yes No No Yes No No No No No
Notes:

1. Any modification from Level 1 to Level O will trigger a mass erase of the Main flash by the hardware.

2. There are two cases for executing programs from SRAM or System memory:one is Boot from SRAM or System

memory; The other is to Boot from another memory and then the program jumps to SRAM or System memory.

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 8 KB, i.e. 1 sector size. See the de-
scription of the WRP register for details.
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.
In addition, if an erase or program operation is attempted on a write-protected area, the write-pro-
tected error (WRPERR) of the FLASH_SR register is set.
Note:Write protection only works for Main flash, not for System memory.
4.6.3. Option byte write protection
By default, option bytes are readable and write-protected. In order to obtain a program or erase ac-
cess 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:

1. Sequence error in unlocking FLASH_CR register of Flash memory

2. Write sequence wrong to unlock Flash option byte

3.  Flash program fails to align 32-bit data

4 Flash erase (including page erase, sector erase, and mass erase) operations does not perform 32-bit data
alignment

5.  Write operation to option byte register fails to align 32-bit data
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4.8.

4.8.1.

Flash registers

Flash key register (Flash_KEYR)

Address offset:0x08
Reset value:0x0000 0000

All register bits are Write-Only and read out returns O.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
KEY [31:16]
W W W W W w W w W W \ W W W W W
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
KEY [15:0]
w w W W w w | w w w w w w w w w w
Bit Name R/W Reset Value Function
The following values must be written consecutively to un-
lock the FLASH_CR register and allow Flash's pro-
31:0 KEY [31:0] w gram/erase operation
KEY1:0x4567 0123
KEY2:0xCDEF 89AB
4.8.2. Flash option key register (Flash_OPTKEYR)

Address offset:0x0C
Reset value:0x0000 0000

All register bits are Write-Only and read out returns O.

31 30 29 28 27 26 25 24 23 22 21 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]
W w "\ W W w w w w W W w W W W W
Bit Name R/W Reset Value Function
The following values must be written consecutively
to unlock the flash option register and enable the
31:.0 OPTKEY [31:0] W 0 program/erase operation of the option byte
KEY1:0x0819 2A3B
KEY2:0x4C5D 6E7F
4.8.3. Flash status register (Flash_SR)

Address offset:0x10
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Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res | Res Res Res Res Res Res Res Res | Res Res Res Res Res BSY
- - - - - - - - - - - - - - - R
15 14 13 12 11 10 9 8 7 6 5) 4 3 2 1 0
OPTV WRP
Res | Res Res Res Res | Res | Res Res Res | Res Res Res Res EOP
ERR ERR
RC_W1 - - - - - - - - - - RC_W1 - - - RC_W1
Bit Na me R/ W Reset V Functi on
31:1 Reser ve - - Reserved
Busy bit
Thibst indicates that the opf
16 BSY R 0 gress. This bit is set by t
the flash operation, and is
the operation is completed
Option angd btirti mnoiandi ng err o
When the option and tri mmin
15 OPTVERR RC_W1 0 do not mat c h, the hardwar e
mat ched option bytes, it wi
This bit is cleared by writ
145 Reservae - - Reserved
Write protection error
When the address to be prog
4 WRPERR RC_ W1 0
protected Flash area (WRP),
This bit is cleared by writ
3: Reser ve - - Reserved
When the pr ogpream/tdroans eof FI
fully completed, the hardwad
0 EOP RC_ W1 0
the EOPIE bit of the FLASH_|
This bit is cleared by writ
4.8.4. Flash control register (FLASH_CR)
Address offset:0x14
Reset value:0xC000 0000
31 30 29 | 28 27 26 25 24 23 |1 22| 21| 20 19 18 17 16
OPT ERR EOP OPT
LOCK Res OBL_LAUNCH | Res Res PGSTRT Res Res
LOCK IE IE STRT
RS RS - RC_W1 RW RW RW - RW
15 14 13 | 12 11 10 9 8 7|16 | 5|4 3 2 1 0
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Res

Res

Res

SER

Res

Res Res MER PER PG

RW

RW RW

Bit

Name

R/W

Reset Value

Function

31

Lock

RS

FLASH_CR Lock bit.

The software can only set this bit. When set, the
FLASH_CR register is locked. When the unlocking timing
is successfully given, this bit is cleared by hardware, un-
locking the FLASH_CR register.

[This bit is set by software after the program/erase oper-
ation is completed]

When an unsuccessful unlock timing is given, the bit re-

mains set until the next system reset.

30

OPTLOCK

RS

Option byte Lock bit.

The software can only set this bit. After reset, the bits as-
sociated with the option bytes in the FLASH_CR register
are locked. When the unlocking timing is successfully
given, this bit is cleared by hardware, unlocking the
FLASH_CR register.

[This bit is set by software after the program/erase oper-
ation is completed]

When an unsuccessful unlock timing is given, the bit re-

mains set until the next system reset.

29:28

Reserved

Reserved

27

OBL_LAUNCH

RC_W1

Force option byte reloading.

When set, this bit forces the system to reload the option
byte. This bit is cleared by hardware only when the op-
tion byte load is completed. If the OPTLOCK bit is set,
the bit cannot be written.

0:Option byte reload complete

1:Generate an option byte reload request, and the sys-

tem generates a reset to reload the option byte.

26

Reserved

Reserved

25

ERRIE

RwW

When the WRPERR bit of the FLASH_SR register is set,
if the bit is enabled, an interrupt request is generated.
0:No interrupt occurrence

1:An interrupt occurs

24

EOPIE

RW

End of operation interrupt enable
When the EOP bit of the FLASH_SR register is set, if the

bit is enabled, an interrupt request is generated.

46/630



PY32F040-EP Reference Manual

Bit Name R/W Reset Value Function
0:EOP interrupt disabled
1:EOP interrupt enabled

23:20 Reserved - - Reserved
The start bit of the program operation for the Main flash
memory.

19 PGSTRT RW 0 This bit starts the program operation of the Main flash
memory when set. This bit is cleared by hardware when
the BSY bit is cleared in FLASH_SR.

18 Reserved - - Reserved
Flash option byte modification start bit
This bit triggers the modification of the option byte. This
bit is set by software and is cleared when the BSY bit is
cleared in FLASH_SR.

17 OPTSTRT RW 0 Note:When the flash option bytes are modified, the hard-
ware automatically performs an erase operation on the
entire 256 Bytes page, and then performs a program op-
eration, which also includes automatic write of comple-
mented code.

16:12 Reserved - - Reserved
8 KB Sector erase operation
0:Sector erase operation for Flash is not selected
1:Sector erase operation for Flash selected

11 SER RW 0 Notes:

Sector erase does not work on Flash information

memory.

Sector erase does not work for WRP areas.
10:3 Reserved - - Reserved

Mass erase operation

0:Mass erase operation for Flash is not selected

1:Mass erase operation for Flash selected

2 MER RwW 0
Notes:

Mass erase will not work on Flash information memory.
Mass erase does not work when there is a WRP setting
Page erase operation

1 PER RW 0 0:Page erase operation for Flash is not selected
1:Page erase operation for Flash selected
Program operation

0 PG RW 0 0:program operation of Flash is not selected

1:program operation of Flash selected
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4.8.5. Flash option register (Flash_OPTR)

Address offset:0x20
Reset value:0x0000D8AA. After the power-on reset (POR/BOR/OBL_LAUNCH) is released, the correspond-
ing 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 11 10 9 8 7 6 5| 4 | 3 2 1 0
IWDG_STOP | nBOOT1 | NRST_MODE | WWDG_SW | IWDG_SW Res RDP[7:0]
RW RW RW RW RW - RW
Bit Name R/W Reset Value Function
31:16 Reserved - - Reserved

Set the running state of IWDG timer in Stop mode
15 IWDG_STOP RW 1 0:Freeze timer

1:Normal operation

14 nBOOT1 RW 1 Together with the BOOT PIN, select the boot mode
0:Reset input only
13 NRST_MODE RW 0
1:GPIO:GPIO function
0:Hardware window watchdog
12 WWDG_SW RW 1
1:Software window watchdog
0:Hardware window watchdog
11 IWDG_SW RW 1
1:Software window watchdog
10:8 Reserved - - Reserved
OxAA:level O, read protection is invalid
7:0 RDP RW OxAA

Non-OxAA:level 1, read protection valid

4.8.6. Flash BORCR address register (FLASH_BORCR)

Address offset:0x24
Reset value:0x0000 E000. After the power-on reset (POR/BOR/OBL_LAUNCH) is released, the correspond-
ing 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 11 10 9 8 7 6 5 4 3 2 1 0
Reserved Res BOR_EN Res
RW
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Bit Name R/W | Reset Value Function
31:6 Reserved - - Reserved
BOR enabled
5 BOR_EN RW 0 0:BOR disabled
1:BOR enabled
4:0 Reserved - - Reserved

Attentiony The reset value for 13 ~ 15 bit is fixed to 3'b111 and cannot be modified.

4.8.7.

Address offset:0x2C

Flash WRP area address register (FLASH_WRPR)

Reset value:0x0000 FFFF

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

tion 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 Res | Res Res Res | Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WRP[15:0]
RW RwW RwW RW RwW RW RW RW RW RW RW RW RW RW RW RwW
Bit Name R/W | Reset Value Function
31:16 Reserved - - Reserved
0:sector 15 with write protection, program and erase are not allowed
15 WRP RW 1
1:sector 15 without write protection
0:sector 14 with write protection, program and erase are not allowed
14 WRP RW 1
1:sector 14 without write protection
0:sector 13 with write protection, program and erase are not allowed
13 WRP RW 1
1:sector 13 without write protection
0:sector 12 with write protection, program and erase are not allowed
12 WRP RW 1
1:sector 12 without write protection
0:sector 11 with write protection, program and erase are not allowed
11 WRP RW 1
1:sector 11 without write protection
0:sector 10 with write protection, program and erase are not allowed
10 WRP RW 1
1:sector 10 without write protection
0:sector 9 with write protection, program and erase are not allowed
9 WRP RW 1
1:sector 9 without write protection
0:sector 8 with write protection, program and erase are not allowed
8 WRP RW 1
1:sector 8 without write protection
0:sector 7 with write protection, program and erase are not allowed
7 WRP RW 1
1:sector 7 without write protection
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Bit Name R/W | Reset Value Function

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

1:sector 6 without write protection

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

1:sector 5 with write protection

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

1:sector 4 without write protection

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

1:sector 3 without write protection

0:sector 2 with write protection, program and erase are not allowed
2 WRP RW 1

1:sector 2 without write protection

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

1:sector 1 without write protection

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

1:sector O without write protection

4.8.8. Flash sleep time configuration register (Flash_STCR)

Address offset:0x90
Reset value:0x0000 6400

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

Flash sleep time count (counter based on HSI_10M
clock)

When the system clock selects LS| or LSE, in order
to obtain a more optimized operating mode power
consumption, the function of using this register can
be selected (this function is only recommended
15:8 SLEEP_TIME RW 0x64
when LSI or LSE is the system clock).

When this feature is enabled, the time width for
which Flash is in Sleep mode for every half of the
system clock low cycle is:

tusi_1om * SLEEP_TIME

Notes:
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Bit Name R/W Reset Value Function
tHsi_1om is the period of HSI_10M.
7:1 Reserved - - Reserved
Flash sleep enable
0 SLEEP_EN RW 0 1:Flash sleep enable
0:Flash sleep disabled
4.8.9. Flash TSO register (FLASH_TSO0)

Address offset:0x100
Reset value:0x0000 00B4

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res Res Res Res Res Res Res Res TSO
- - - - - - - - RW RW RW RW RW RW RwW RwW
Bit Name R/W Reset Value Function
31:8 Reserved - - Reserved
If the HSI output frequency is different, the fol-
lowing corresponding values need to be set
7:0 TSO RW 0xB4
HSI at 8MHz:0x3C
HSI at 24MHz:0xB4

4.8.10. Flash TS1 register (FLASH_TS1)

Address offset:0x104
Reset value:0x0000 01B0O

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res Res Res Res Res Res Res TS1
- - - - - - - RW RW RW RW RW RW RW RwW RwW
Bit Name R/W Reset Value Function
31:9 Reserved - - Reserved
If the HSI output frequency is different, the fol-
lowing corresponding values need to be set
8:0 TS1 RW 0x1B0O
HSI at 8 MHz:0x90
HSI at 24 MHz:0x1BO
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4.8.11. 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 4 3 2 1 0

Res Res Res Res Res Res Res Res TS2P
- - - - - - - - RW RW RW RW RW RW RW RW
Bit Name R/W Reset Value Function
31:8 Reserved - - Reserved
If the HSI output frequency is different, the following corre-
sponding values need to be set
7:0 TS2P RW 0xB4
HSI at 8 MHz:0x3C
HSI at 24 MHz:0xB4

4.8.12. Flash TPS3 register (FLASH_TPS3)

Address offset:0x10C

Reset value:0x0000 06CO

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res Res Res Res Res TPS3
- - - - - RW RW RW RW RW RW RwW RW RW RwW RwW
Bit Name R/W Reset Value Function
31:11 Reserved - - Reserved
If the HSI output frequency is different, the follow-
ing corresponding values need to be set
10:0 TPS3 RW 0x6CO
HSI at 8 MHz:0x240
HSI at 24 MHz:0x6CO

4.8.13. 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
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res Res Res Res Res Res Res Res TS3
- - - - - - - - RW RW RW RW RW RW RW RW
Bit Name R/W Reset Value Function
31:8 Reserved - - Reserved
If the HSI output frequency is different, the following
corresponding values need to be set
7:0 TS3 RwW 0xB4
HSI at 8 MHz:0x3C
HSI at 24 MHz:0xB4

4.8.14. Flash PAGE ERASE TPE register (Flash_PERTPE)
Address offset:0x114
Reset value:0x0001 1940
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res Res Res Res Res Res Res Res Res Res Res Res Res | Res | PERTPE[16]
- - - - - - - - - - - - - - - RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PERTPE [15:0]
RW | RW | RW | RW | RW | RW |RW |RW | RW | RW | RW | RW | RW | RW | RW RW
Bit Name R/W | Reset Value Function
31:17 Reserved - - Reserved
If the HSI output frequency is different, the following cor-
responding values need to be set
16:0 PERTPE RW 0x11940
HSI at 8 MHz:0x6D60
HSI at 24 MHz:0x14820

4.8.15. Flash SECTOR/MASS ERASE TPE register (FLASH_SMERTPE)

Address offset:0x118
Reset value:0x0001 1940

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

31:17 Reserved - - Reserved

If the HSI output frequency is different, the following cor-
responding values need to be set

16:0 SMERTPE RW 0x11940
HSI at 8 MHz:0x6D60

HSI at 24 MHz:0x14820

4.8.16. Flash PROGRAM TPE register (FLASH_PRGTPE)

Address offset:0x11C
Reset value:0x0000 A8CO
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

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

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

PRGTPE

RW RW RW RW RW RW | RW RW RW RW RW RW RW RW RW RW

Bit Name R/W Reset Value Function

31:16 Reserved - - Reserved

If the HSI output frequency is different, the follow-
ing corresponding values need to be set

15:0 PRGTPE RW 0xA8CO
HSI at 8 MHz:0x1F40

HSI at 24 MHz:0x5DCO

4.8.17. 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 11 10 9 8 7 6 5 4 3 2 1 0

Res Res PRETPE [13:0]

- - RW RW RW RW | RW RW RW RW RW RW RW RW RW RW

Bit Name R/W Reset Value Function

31:14 Reserved - - Reserved

If the HSI output frequency is different, the fol-
lowing corresponding values need to be set

13:0 PRETPE RW 0x12CO0
HSI at 8 MHz:0x640

HSI at 24 MHz:0x12C0
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5.Power control

5.1. Power supply
5.1.1. Power supply overview
VA VVCCAdomain
Veed | | Anc| | opa| [ cowmp|
| Lco|| Lse|| Lsi|| HsI |
’ Flash
VDDAdomain
VCCdomain HSL1M HSE
\oba
:Zgg BOR VDDDdomain
vee VR Vboo > CPU Cor®igital Peripherals
BG PVD
RTC 10 CTRL
PMU
- IWDG LPTIMER
Veeio VccCiadomain
PWRAcon RCCAcon
\bDD I/Os - -
—>
P \/ooP
SRAM
P\ooa
Figure 5-1 Power supply overview
Tab®Power supply overview
No. Power supply Power value Description

1 Vee 30055V The power is supplied to the device through the power pins.
Th wer i li he analog modules through th

) Veen 301055V e power is supplied to the analog modules through the
power pins.
VR supplies power to the main logic circuits and SRAM in-
side the device. When the MR is powered, it outputs 1.2 V.

Vbpx
3 1.2V/1.0V/0.9V/0.8V | When entering the Stop mode, according to the software con-
" Voop/Vopa~ _ ) )

figuration, power can be supplied by MR or LPR, and the
LPR output is determined to be 1.2 V/1. 0 V/0. 9 V/0. 8 V.
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5.2.

5.3.

5.3.1.

Voltage regulator

The device has two voltage regulators:
A Main regulator (MR) is used in Run mode.

A Low power regulator (LPR) provides lower power consumption options in Stop mode.
The power supply of Voox comes from MR or LPR depending on the operating mode of the device.
In Run mode, the MR keeps working and outputs 1.2 V voltage.

In Stop mode, power can be supplied from MR or LPR by software. Similarly, it is determined by the
software that after entering Stop, the Voox with LPR power supply is 1.2 V/1.0 V/0.9 /0.8 V.

Power monitoring

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 implemented. The BOR can only be enabled and
disabled by option bytes.

When the BOR is enabled, the threshold of the BOR can be selected by the option byte.

4
VCC

VBORR

VPOR
VPDR

RSTTEMPO |€——

|
|
Reset with BOR off—;—'

|
|
|
1

|
|
|
Il

Reset with BOR on 0 0 1 f

fffffffff POR/BOR rising thresholds
fffffffff PDR/BOR falling thresholds

Fi gb2ROR/ PDR/ BOR t hreshol d
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5.3.2. Programmable voltage detector (PVD)

This module can be used to detect the Vcc power supply (it can also detect the voltage of the PB7
pin), and the detection point can be configured through registers. When the Vcc is higher or lower

than the detection point of the PVD, a corresponding mark is generated.

This event is internally connected to line 16 of EXTI. Depending on the rising/falling edge configura-
tion of EXTI line 16, when Vcc rises beyond the detection point of PVD, or Vcc falls below the detec-
tion point of PVD, an interrupt is generated, and the user can perform an emergency Shutdown task

in the interrupt service routine.

VCC

VPVDRX

Configurable
hysteresis
VPVDFx

v

PVD output

Fig6B8RBVD threshol d
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6.Low power control

6.1.

6.1.1.

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. For example, when
waiting for an external event, software can choose a compromise between power consumption,

wake-up time and wake-up source.

Low-power modes

Introduction

In addition to the Run mode, the device has 2 low-power modes:
A Sleep mode:Peripherals can be configured to keep working when the CPU clock is off (NVIC,
SysTick, etc.). It is recommended only to enable the modules that must work, and close the

module after the module works.

p>3

Stop mode:In this mode, the contents of SRAM and registers are maintained, HSI and HSE are
disabled, and the clocks of most modules in the Vooo domain are stopped.
In Stop mode, LSI and LSE can keep working, and RTC, LPTIMER, IWDG, etc. can keep working.

For details of the working conditions of each module in this mode, refer to 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 powered by MR, it has larger consumption but shorter wake-up time.
In addition, power consumption can be reduced in Run mode by:
1. Reduce the system clock frequency

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

To sum up, the low-power mode transitions diagram of this project are as follows.

( Stop )

A

T

( Sleep )

FigeiRrower mode
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6.1.2. Low power mode
Tab6-ELow power modes
Wake-up Wake-up Voltage regulators
Mode Entry Effect
source clock MR LPR
WFI or Return from Same as
Any interrupt
Sleep ISR before en- CPU clock OFF, no effect
(sleep-now or tering on other clocks or analog ON® ON
Wake up
sleep-on-exit) WFE Sleep clock sources
event
mode
HSI. HSI OFF,
HSI main- HSE OFF, Software
tains the LSI can be selected as ON configura-
SLEEPDEEP bit+ Any wake up
frequency or OFF, tion working
WFI or Return from EXTI Line Software
configura- LPTIM, RTC and IWDG:con- mode, out-
ISR or WFE (configured in configuration
Stop tion before figured by the software put voltage
Note:LSI cannot be | EXTI regis- working
entering Low power wake-up and 1.2V/1.0
selected for system | ter), IWDG mode
Stop mode, | some modules such as RCC V/0.9 V/0. 8
clock and NRST
without fre- | keep working, V configura-
quency di- The clock is off for the re- ble
vision. maining modules.
Note 1:The software must configure the state of VR to MR mode before entering the Sleep mode.
6.1.3. Functionalities depending on the working mode
Tab6-Z2Functional ities dependiing on the worki
Stop
Peripheral Run Sl eep
VR@LPR or V Wake up cap
CPU Y - - -
Fl ash memor | Y Y -2) -
SRAM Y o(3) -4 -
Browmt reset Y Y o
PV D 0] (0] o
D MA 0] (0] - -
HSI (0] (0] - -
HSE (0] (0] - -
LSI (0] (0] @) -
HDI V 0] O - -
HSE clock secu
0] (0] - -
(CSS)
RTC 0] O o @)
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St op

Peripheral Run Sl eep
VR@LPR or V Wake up cap

USART1/ USART

l2C1/12C2

SPI 1/ SPI 2

ADC

COMP1/ COMP2

Temperature g

oj|ojlojo0o|O0|O|O
o|o|lo|jO0|O0|O|O

OPA

LCD Ot % Ot 5¢ Ot 5 )

(TI ML/ TI1I M2/ T1 M3 (O] (@) - -
/' TI M14/ TI M15/ TI

Ti mer s

LPTI M

| WDG

WWD G

SysTick tim

oO|O0|jO|0O|O

CRC

oO|j|ojOo|O0|O|O

GPI Os (@) @) @)

6.2.

6.2.1.

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

Flash does not power down, but no clock is provided, and enters the lowest power consumption state.
The SRAM clock can be gated on or off.

The SRAM is not powered down, but no clock is provided and enters the lowest power consumption
state.

LCD controller can display in Run, Sleep and Stop modes.

Sleep mode

Enter Sleep mode

The Sleep mode is entered by executing the WFI (Wait for Interrupt) or WFE (Wait for Event) instruc-
tions. Two options are available to select the Sleep mode entry mechanism, depending on the
SLEEPONEXIT bit in the Cortex®-M0+ System Control register.

A Sleep-now:if the SLEEPONEXIT bit is cleared, the MCU enters Sleep mode as soon as WFI or

WEFE instruction is executed.

>

Sleep-on-exit:if the SLEEPONEXIT bit is set, the MCU enters Sleep mode as soon as it exits
the lowest priority ISR.

In the Stop mode, all /O pins keep the same state as in the Run mode.
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6.2.2. EXit 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. Wakeup events can be generated by:

A Enable the interrupt in the peripheral control register, not in the NVIC, and enable the SEVON-
PEND bit of Cortex MO +. When the device continues execution after waking up from the WFE,
the peripheral interrupt Pending bit and the peripheral NVIC IRQ channel Pending bit (in the
NVIC's interrupt clear Pending register) must be cleared.

A Configuring an external or internal EXTI line in event mode. When the CPU continues execution
after waking up from the WFE, it is not necessary to clear the peripheral interrupt Pending bit, or
the NVIC IRQ channel Pending bit corresponding to the event Line is not set.

This mode offers the lowest wake up time as no time is wasted in interrupt entry/exit.

Tab6-&SI| e-epw
Sleep-now mode Description
WEFI (wait for interrupt) or WFE (wait for event) while:
Mode entry - SLEEPDEEP =0 and
- SLEEPONEXIT =0
If WFI was used for entry, the exit mode is:interrupt.
Mode exit
If WFE was used for entry, the exit mode is:wake-up event.
Wakeup latency None
Tab6-4S| eepe xi t
Sleep-on-exit Description
WEFI (wait for interrupt) while:
Mode entry - SLEEPDEEP =0 and
- SLEEPONEXIT =1
Mode exit Interrupts and events
Wakeup latency None
6.3. Stop mode

The Stop mode is based on the Cortex®-M0+ deep sleep mode combined with peripheral clock gat-
ing. The voltage regulator can be Supplied by either MR or LPR. In this mode, HSI and HSE are
turned off, SRAM and register contents are preserved, LS|, LPTIMER, RTC, IWDG can be config-
ured by software, low power wake-up and some RCC logic are kept working, and the clock inputs of

digital modules in the remaining Vopox domain are turned off.

In Stop mode, all 10 pins remain in the same state as in Run mode.
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6.3.1. Enter Stop mode
In order to further reduce the power consumption of Stop mode, when PWR_CRL1. LPR = 1 is config-
ured, VR can enter LPR power supply.
If Flash memory programming is ongoing, the Stop mode entry is delayed until the memory access is
finished (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.
If the system clock source is a high-speed clock source (HSE) before entering the low-power mode,
to ensure the successful switching, software needs to switch the system clock source to HSI.
6.3.2. Exit 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
waking 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:

1. Settings:

- Select the voltage regulator mode by configuring LPR bit in PWR_CR1

- The LPR mode is selected to provide 1.2 V, 1.0 V, 0.9 V, 0.8 V by the VOS bit of PWR_CR1

- Set the wake-up time by configuring FLS_SLPTIME bit in PWR_CR1

2. Set SLEEPDEEP bit in Cortex®-MO0+ System Control register

Notes:

1. To enter Stop mode, all EXTI line pending bits (EXTI_PR register), all peripheral interrupt

pending bits and RTC alarm flag bits must be reset. Otherwise, the Stop mode entry proce-
Mode entry dure is ignored and program execution continues.

2. If the application needs to turn off HSE before entering Stop mode, the system clock source
must first switch to HSI and then clear the HSEON bit.

3. In order to make the change of power consumption as balanced as possible, the software
needs to follow the principle of step-by-step shutdown:step-by-step shutdown the clock of
each module, select HSI as the system clock, and turn off HSE.

4. In order to shorten the wake-up time, before entering Stop mode, the system clock should
be configured to select the HSI high-frequency clock, and the HPRE of the RCC _CFGR
register should be set to 0, otherwise the hardware switching clock will consume additional

clock after wake-up.
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Stop mode Description

If WFI was used for entry:

enabled in NVIC)
Mode exit
If WFE was used for entry:

- Any EXTI Line configured in Interrupt mode

- Interrupt pending flag bit in case of CPU SEVONPEND is set

- Any EXTI line configured in interrupt mode (the corresponding EXTI interrupt vector must be

Wakeup latency Wake-up time from LPR to MR + HSI wake-up time + Flash wake-up time

6.4. Reduce the system clock frequency

In Run mode, the frequency of the system clock (SYSCLK, HCLK, PCLK) can be reduced by config-

uring frequency division through the prescaler register. These prescalers can also be used to reduce

the frequency of peripherals before entering sleep mode.

6.5. Peripheral clock gating

In Run mode, the AHB clock (HCLK) and APB clock (PCLK) 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's registers can be accessed by half-word or word.

6.6.1. Power control register 1 (PWR_CR1)

Address offset:0x00
Reset value:0x00000000 (reset by POR)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res HSION_CTRL Res
RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res LPR FLS_SLPTIME[1:0] Res VOS [1:0] DBP Res Res
RW RW RW 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:Enable HSI immediately when waking up.
18:15 Reserved - - Reserved
14 LPR RW 0 Low power regulator
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0:Main regulator works in Stop mode
1:Low power regulator works in Stop mode
In the Stop mode wake-up timing, after the HSI is stabi-
lized, a waiting time is required before the Flash opera-
tion.
2'b00:1 €s
2'b01:2 €s
2'b1l0:3 €s
13:12 FLS_SLPTIME[1:0] RW 26bo0O0
2'b11:0 e€s
NoteWhen this register is s
the program is executed from SRAM after wakeup, not
Flash. And the program guarantees that Flash will not
be accessed within 3us after waking up the execution
program.
11 Reserved - - Reserved
Voltage regulation range selection
00:After entering Stop mode, Voo = 1.2 V
10:9 VOS [1:0] RW 0 01:After entering Stop mode, Voo = 1.0 V
10:After entering Stop mode, Vop = 0.9 V
11:After entering Stop mode, Vop = 0.8 V
RTC write protection disabled
After reset, the RTC is write-protected to prevent un-
8 DBP RW 0 wanted writes. To access RTC this bit must be set to 1.
0:Access to RTC disabled
1:Access to RTC abled
7:0 Reserved - - Reserved
6.6.2. Power control register 2 (PWR_CR?2)
Address offset:0x04
Reset value:0x0000 0500(reset by POR)
Note:This register is a PVD function related register.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res FLT_TIME[2:0] FLTEN | Res | PVDT [2:0] Res | SRCSEL Res | PVDE
- RW RW - RW - RW - RW
Bit Name R/W | ResetValue | Function
31:12 Reserved - - Reserved
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Bit

Name

R/W

Reset Value | Function

11:9

FLT_TIME[2:0]

RW

Digital filtering time configuration

110:Filtering time is approximately 30.7 ms (1024 LSI/LSE
clocks)

101:Filtering time is approximately 3.8 ms (128 LSI/LSE clocks)
36 b 01 ( 100:Filtering time is approximately 1.92 ms (64 LSI/LSE clocks)
011:Filtering time is approximately 480 € 16 LSI/LSE clocks)
010:Filter time is approximately 120 € g4 LSI/LSE clocks)
001:Filtering time is approximately 60 € 2 LSI/LSE clocks)
000:Filtering time is approximately 30 € g1 LSI/LSE clock)

FLTEN

RW

Digital filter function
1 0:Disabled
1:Enabled

Reserved

- Reserved

6:4

PVDT [2:0]

RW

Voltage rising edge detection threshold (falling edge detection
threshold is reduced by 0.1 V accordingly) and PVDIN detection
control.

000:Reserved(default)

001:Reserved

000 010:Reserved

011:Reserved

100:Reserved

101:Reserved

110:Reserved

111:VPVD7 (around 3.2 V)

Reserved

- Reserved

SRCSEL

RW

PVD detects power selection.

0:Vce

1:Detect PB7 pin

If this bit is set, the voltage on PB7 is internally compared to
VREF1P2 (including rise and fall thresholds). In this case, the

setting of the PVDT register is invalid.

Reserved

- Reserved

PVDE

RwW

Voltage detection enable bit
0:Voltage detection disabled
0 1:Voltage detection enabled

PVDE write protection if SYSCFG_C, G2.PVD_LOCK = 1. Write

protection is reset only when the system is reset.
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6.6.3. PWR status register (PWR_SR)

Address offset:0x14
Reset value:0x00000000 (reset by POR)

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

Bit Name R/W Reset Value | Function

31:12 Reserved - - Reserved

PVD detection result output.
0:The detected Vcc or PB7 exceeds the comparison threshold

11 PVDO R 0 of PVD selection
1:The detected Vcc or PB7 is lower than the comparison
threshold of PVD selection

10:0 Reserved - - Reserved
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7/.Reset

7.1,

7.1.1.

7.1.2.

7.1.3.

7.1.4.

Two resets are designed:power reset and system reset.

Reset source

Power reset
A power reset is generated when one of the following events occurs:
The POR/BOR generated by the analog circuit detects Vcc.

A Releasing the reset when the Vcc voltage rises to the trigger value;
A Areset occurs when the Vce voltage drops to a certain trigger value.
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 Window watchdog reset (WWDG)

A Independent watchdog reset (IWDG)

A Cortex-M0+ SYSRESETREQ software reset
A Option byte load reset (OBL)

NRST pin (external reset)

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

A Resetinput

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 (PF2) is not available.

After the NRST pin is input, an external reset of the device is generated after passing through

the deburring circuit (deburring can be configured to disable).

GPIO

>

In this mode, the pin can be used as PF2 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.

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

Watchdog reset

See independent watchdog (IWDG) and window watchdog (WWDG).
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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 regis-

ter.
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8.Clocks

8.1. Clock sources
8.1.1. External high speed clock HSE
The external high speed clock (HSE) comes from two sources:
A External XTAL OSC + internal oscillator circuit
A External clock input via OSC_IN (HSEBYP = 1)
Tab8EHSE cl ock source
Clock source Hardware configuration
0SC_IN 0SC_OouT
[ ] [ ]
External clock L
GPIO
External
source
OSC_IN 0OSC_OouT
L[] L
- LS
Circumscribed crystal 1] ]} |
- cu CL2 -
A\ Load /
capacitors
External high frequency OSC, frequency range 4 to 24 MHz.
The stable time of the HSE clock is determined by RCC_ECSCR. HSE_STARTUP register configu-
ration. When HSE goes from OFF to ON, it needs to wait for stabilization time. After stabilization, the
hardware sets the RCC_CR. HSERDY register. When HSEBYP = 1, the settling time is halved com-
pared to the non-bypass mode.
The HSE clock related register refers to RCC_ECSCR.
8.1.2. Internal high-speed clock HSI
Internal RC oscillator, reference frequencies can be 8 MHz or 24 MHz Compared with XTAL OSC,
RC OSC has low power consumption, shorter stabilization time, but low accuracy.
After the power-on reset, the HSI calibration value needs to be loaded by software into the
RCC_ICSCR.HSI_TRIM register. When the system is reset, this register is reset with it.
After waking up from Stop mode, only HSI can be used as the system clock source.
8.1.3. Internal low speed clock LSI

Internal low frequency 32.768/23.552/38.912/39.168/43.008 kHz clock.
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8.1.4.

8.1.5.

HSI10M clock

This clock serves as a low-precision clock, used as a filter count for NRST pins, and as low-power

processing when Flash runs at low speeds.

LSE clock
External 32.768 kHz OSC, used as a low power clock.

A balance between settling time and power consumption can be achieved by configuring LSE_DRV.

The LSE stabilization time is determined by RCC_ECSCR. LSE_STARTUP register configuration.
Similar to the HSE source, the LSE also has two sources:

A 32.768 kHz XTAL+ Internal vibration circuit
A External clock input via OSC_IN (LSEBYP =1)

In the LSE bypass case, the settling time is halved compared to the non-bypass mode.
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8.2.

8.3.

8.3.1.

HS! Highspeed internal clock
LSl Low-speed internal clock
HSLOM HS1OM To RCIFMC HSE Highspeed external clock
LSE Low-speed external clock
LSTRC
32.768/23.552/38.912/ to IWDG,
30.168/43.008 kHz LsI
LSE to RTC
>
- HSE 1128
0SB@2 OuUT LSE PWR
t i
32.768kHz || | o RTESEL o \
0 0OSG2 IN Clock
detector To AHB buscore, memory and DMA >
AHB .
PRESC FCLK Cortex freminning clock >
LSE /1 2.512 To Cortex system timta{>
LSI
APB .
SYSCLK L | PRESC PCLK  To APB penphraI%
MCO HSE /1,2,4,816
O————{/1.128 }— [pcik PCLRY
HCLK LSE to LPTIM
L HS1oM LSl
HSI
PCLy
LSE*T LSC to COMP
LSI
HSIRC
24/8MHz
PCLK/24, | to ADC ;
6,8
TIM_PCLK

0SCoUT HSE HSI
osc
4~24MHz HSE| | SYSCLK
[.OSCIN
N de(zztlt:)c‘ii:)r y
LI |

If* APB
PRESE™ xl1elsex2

to TIMs

to LCD

>

Clock security system (CSS)

Figure 8-1 System clock structure diagram

Clock security mainly includes the following aspects:

> > > > D>

Clock configuration and state security

Clock source HSE security

Clock source LSE security

Timer-based clock security

Clock configuration and state security

Clock security based on IWDG

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

clock information of the system and judge whether it is consistent with the expectation.
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8.3.1.1.

8.3.1.2.

8.4.

Clock source HSE monitoring
The HSE clock safety system can be activated by software by configuring RCC_CR. CSSON. In this
case, after the HSE starts, the clock detection function is turned on. When the HSE is turned off, the

clock detection function is turned off.

If a clock error is found on the HSE, the HSE will be automatically shut down, and the clock error
event is sent to the brake inputs of TIM1 (advanced timer) and TIM15/TIM16/TIM17 (general timer),
and an interrupt is generated to notify the software of the error (clock security system interrupt
CSSI), which in turn allows the MCU to perform rescue operations. The CSSl is linked to the NMI

(Non-maskable interrupt) Exception vector of Cortex-MO +.

Note:Once CSS is enabled, and if the HSE clock failure, a CSS interrupt is generated and an NMl is
automatically 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).

Clock source LSE monitoring
The LSE clock security system can be activated by software by configuring RCC_BDCR.LSECS-
SON. In this case, after the LSE starts, the clock detection function is turned on. When the LSE is

turned off, the clock detection function is turned off.

If a clock error is found on the LSE, the LSE will be automatically shut down, and the clock error
event is sent to the brake inputs of TIM1 (advanced timer) and TIM15/TIM16/TIM17 (general timer),
and an interrupt is generated to notify the software of the error (CSSI), which in turn allows the MCU
to perform rescue operations. The CSSl is linked to the NMI (Non-maskable interrupt) of Cortex-
MO+.

Note:Once the LSECSS is enabled and if the HSE clock fails, the CSS interrupt occurs and an NMI
is automatically 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 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. At the same time, if the LPTIM and

RTC counting clocks select LSE, they will also automatically switch to LSI.

Output clock capability

In order to facilitate board-level applications, save BOM costs, and meet debugging requirements,
the device needs to provide clock output functions. That is, the MCO signal (parallel frequency divi-
sion) in the table below is used to realize the clock output function through the multiplexing function
of GPIO.

TH1820ut put clock selection

Clock sources MCO output clock source

HSI a

n

SYSCLK
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Clock sources

MCO output clock source

HSE a
LSI a
LSE a

Note: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. Reset/clock register

The registers can be accessed in words (32 hits), half words (16 bits), and bytes (8 hits).

8.5.1. Clock control register (RCC_CR)

Address offset:0x00
Reset value:0x0000 0100

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CSS HSE HSE HSE
Res | Res | Res | Res | Res Res Res Res Res ADC_DIV Res
ON | BYP | RDY | ON
R RW RW - RS RW R RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
HSI
Res | Res | Res | Res Res Res HSION Res | Res | Res | Res Res Res Res Res
RDY
R RW - - -
Bit Name R/W Reset Value Function
31:23 Reserved - - Reserved
ADC frequency division coefficient
00:2 division
22:21 ADC_DIV RW 0 01:4 division
10:6 division
11:8 division
20 Reserved - - Reserved
HSE clock security system enable.
When the bit is 1, the hardware enables the clock detec-
tion module if the HSE OSC is ready; If the HSE detection
19 CSSON RS 0 fails, the clock detection module is turned off.
0:Clock safety system off (clock detection off)
1:Clock safety system is on (if HSE clock is stable, clock
detection is on, otherwise clock detection is off)
HSE shielded crystal oscillator, select pin input clock.
18 HSEBYP RW 0
This bit can only be written if HSEON = 0.

73/630



PY32F040-EP Reference Manual

Bit Name R/W Reset Value Function
0:HSE crystal oscillator is not shielded, external high-
speed clock selects external crystal oscillator
1:HSE crystal oscillator shielding, external high-speed
clock select external pin input clock source
HSE crystal oscillator clock ready flag.
This bit is set by hardware to indicate that the HSE crystal
oscillator is stable.
17 HSERDY R 0 0:HSE crystal oscillator is not ready
1:HSE crystal oscillator is ready
Note:Once the HSEON bit is cleared, HSERDY clears af-
ter 6 HSE clock cycles.
HSE crystal oscillator enabled.
When entering Stop mode, the hardware will clear this bit
and turn off the HSE crystal oscillator. When HSE is the
16 HSEON RW 0
system clock source, this bit cannot be set to 0.
0:HSE crystal oscillator off
1:HSE crystal oscillator on
15:11 Reserved - Reserved
HSI clock ready flag.
Set by hardware to indicate that the HSI oscillator is stable
10 HSIRDY R 0 This bit is only valid if HSION = 1.
0:HSI OSC not ready
1:HSI OSC ready
9 Reserved - Reserved
HSI clock enable.
When entering Stop mode, this bit will be cleared to stop
8 HSION RwW 1 HSI if needed.
0:HSI OSC disabled
1:HSI OSC enabled
7:0 Reserved - Reserved
8.5.2. Internal clock sources calibration register (RCC_ICSCR)
Address offset:0x043080
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res Res Res Res Res LSI_TRIM[8:0]
- - - - - - RW | RW | RW | RW | RW | RW | RW RW | RW
15 14 13 12 11 10 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
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Bit Name R/W Reset Value Function

31:25 Reserved - - Reserved

Internal low-speed clock frequency adjusts through cali-
bration and its frequency is 32.768 kHz.

The LSI frequency can be changed by the Trim value
from the following address:

24:16 LSI_TRIM RW 9 6 h 0 FF| OxX1FFF 3080:32.768 kHz

Ox1FFF 3088:23.552 kHz

Ox1FFF 3090:39.168 kHz

Ox1FFF 3098:38.912 kHz

Ox1FFF 30A0:43.008 kHz

HSI frequency:
00:Reserved
001:8 MHz
15:13 HSI_FS RW 3 @001 010:Reserved
011:Reserved
100:24 MHz

" 101:Reserved

Clock frequency adjustment, changing the value of this
register can adjust the output frequency of HSI. Every
increase in the register value increases the output fre-
quency of the HSI by approximately 0.2%, and the total
12:0 HSI_TRIM RW 136 h 10 § adjustment range is 8 to 24 MHz.

The calibration values corresponding to 24 MHz/8 MHz
are stored in Flash at the following address:

24 MHz calibration address:0x1FFF 3220

8 MHz calibration address:0x1FFF 3208

8.5.3. Clock configuration register (RCC_CFGR)

Address offset:0x08

Reset value:0x0000 0000

When the clock source is switched, there is a waiting period of 1 or 2 clocks to access this register.

When the APH or AHB frequency division value is updated, there may be a waiting period of 0 to 15 clocks to

access this register.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res MCOPRE [2:0] MCOSEL [3:0] Res Res Res Res Res Res Res Res
RW | RW | RW RwW RW RW RW - - - - - - -
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res PPRE [2:0] HPRE [3:0] Res Res SWS [2:0] SW [2:0]
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RW

RW | RW RW

RW

RW RW

Bit

Name

R/W

Reset Value

Function

31

Reserved

Reserved

30:28

MCOPRE [2:0]

RW

MCO (Microcontroller clock output) frequency division fac-
tor. The software controls these bits and sets the fre-
quency division factor of the MCO output:

000:1

001:2

010:4

011:8

100:16

101:32

110:64

111:128

The division coefficient is configured before the MCO out-

put is enabled.

27:24

MCOSEL [3:0]

RW

MCO Selection

0000:no clocki MCO output disabled
0001:SYSCLK

0010:HSI10M

0011:HSI

0100:HSE

0101:Reserved

0110:LSlI

0111:LSE

1000:HCLK

1001:PCLK

Others:no clock

Note:The output clock may be incomplete during the clock

startup or switching phase.

23:15

Reserved

Reserved

14:12

PPRE [2:0]

RW

This bit is controlled by software. To generate the PCLK
clock, it sets the division coefficients of HCLK as follows:
Oxx:1

100:2

101:4

110:8

111:16

11:8

HPRE [3:0]

RW

AHB clock division factor.
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Bit Name R/W Reset Value Function

The software controls this bit. To generate the HCLK
clock, it sets the division coefficients of SYSCLK as fol-
lows:

Oxxx:1

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:lt is recommended to switch the frequency division

coefficients gradually.

7:6 Reserved - - Reserved

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:HSI

5:3 SWS [2:0] R 0 001:HSE

010:Reserved

011:LSI

100:LSE

Others:Reserved

System clock source select bit.

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

000:HSI

001:HSE

010:Reserved

2:0 SW [2:0] RW 0
011:LSI

100:LSE

Others:Reserved

Scenarios where the hardware is configured as HSI in-

clude:

1) The system exits from Stop mode
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Bit

Name

R/W

Reset Value

Function

2) Software configuration 001 (HSE), and HSE failure oc-

curs (HSE is the system clock source)

8.5.4. External clock sources control register (RCC_ECSCR)

Address offset:0x10
Reset value:0x0003 0003

31 30

29 28 27

26

25 24 23

22 21 20 19 18 17 16

Res Res

Res Res Res

Res

Res Res Res

Res LSE_STARTUP Res Res LSE_DRV

- RW - - RW

15 14

13 12 11

10

6 5 4 3 2 1 0

Res Res

Res Res Res

Res

Res Res Res

Res Res HSE_STARTUP Res HSE_DRV

RW RW

Bit

Name

R/W

Reset Value

Function

31:22

Reserved

Reserved

21:20

LSE_STARTUP

RW

LSE crystal oscillator stabilization time selection.
LSEBYP=0:

00:4096 LSE clock cycles

01:2048 LSE clock cycles

10:8192 LSE clock cycles

11:Direct output regardless of stabilization time
LSEBYP=1:

00:2048 LSE clock cycles

01:1024 LSE clock cycles

10:4096 LSE clock cycles

11:Direct output regardless of stabilization time

19:18

Reserved

Reserved

17:16

LSE_DRV

RwW

0x3

Low-speed crystal oscillator driving capability selection.
00:Reserved

01:Weak driving ability

10:Strong driving ability (recommended)

11:Strongest driving capability

Note:lt is necessary to select the appropriate driving ca-
pability according to the crystal oscillator characteristics,
load capacitance and parasitic parameters of the circuit
board. The greater the driving capability, the greater the

power consumption, and vice versa.

15:5

Reserved

Reserved

4:3

HSE_STARTUP

RwW

HSE crystal oscillator stabilization time selection.
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Bit

Name

R/IW

Reset Value

Function

HSEBYP=0:

00:4096 HSE clocks

01:2048 HSE clocks

10:8192 HSE clocks

11:Direct output regardless of stabilization time
HSEBYP=1:

00:2048 HSE clocks

01:1024 HSE clocks

10:4096 HSE clocks

11:Direct output regardless of stabilization time

Reserved

Reserved

1.0

HSE_DRV

RW

0x3

High-speed crystal oscillator driving capability selection.

00:Reserved,;
01:Weak driving ability
10:Strong driving ability (recommended)

11:Strongest driving capability

Note:lt is necessary to select the appropriate driving ca-
pability according to the crystal oscillator characteristics,
load capacitance and parasitic parameters of the circuit

board. The greater the driving capability, the greater the

power consumption, and vice versa.

8.5.5.

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
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
HSE HSI Res LSE LSI
Res
RDYIE RDYIE RDYIE RDYIE
RW RW - RwW RW
Bit Name R/W Reset Value Function
315 Reserved - - Reserved
HSE clock ready interrupt enable
4 HSERDYIE RW 0 0:Disabled
1:Enabled
3 HSIRDYIE RW 0 HSI clock ready interrupt enable
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Bit Name R/W Reset Value Function
0:Disabled
1:Enabled
2 Reserved - - Reserved

LSE clock ready interrupt enable
1 LSERDYIE RW 0 0:Disabled
1:Enabled

LSI clock ready interrupt enable

0 LSIRDYIE RW 0 0:Disabled

1:Enabled

8.5.6. 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
15 14 13 12 11 10 9 8 7 6 5) 4 3 2 1 0
LSE HSE HSI LSE LSl
Res CSSF | Res | Res Res Res
CSSF RDYF | RDYF RDYF | RDYF
- R R - - - R R - R R
Bit Name R/W Reset Value Function
31:10 Reserved - - 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.
HSE clock safe system interrupt flag bit.
Set by hardware when a failure is detected in the HSE os-
cillator.
8 CSSF R 0
0:No clock security interrupt caused by HSE clock failure
1:Clock security interrupt caused by HSE clock failure
Write CSSC register 1 to clear this bit.
75 Reserved - - Reserved
4 HSERDYF R 0 HSE ready interrupt flag bit
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Bit Name R/W Reset Value Function

Set by hardware when the HSE clock becomes stable and
HSERDYIE is enabled. Cleared by software setting the
HSERDYC bit.

0:No clock ready interrupt caused by the HSE oscillator
1:Clock ready interrupt caused by the HSE oscillator
Write HSERDYC register 1 to clear this hit.

HSI clock ready interrupt flag.

Set by hardware when the HSI clock becomes stable and
HSIRDYDIE = 1.

3 HSIRDYF R 0
0:HSI clock ready interrupt not generated;
1:HSI clock ready interrupt generated;

Write HSIRDYC register 1 to clear this bit.

2 Reserved - - Reserved

LSERDY clock ready interrupt flag.

Set by hardware when the LSE clock becomes stable and
LSERDYDIE = 1.

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

Write LSERDYC register 1 to clear this bit.

LSl ready interrupt flag

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

0 LSIRDYF R 0 LSERDYC bit.

0:No clock ready interrupt caused by the LSI oscillator

1:Clock ready interrupt caused by the LSI oscillator

Write LSIRDYC register 1 to clear this bit.

8.5.7. 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
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LSE HSE HSI LSE LSI
Res CSssC Res Res Res
CSSC RDYC RDYC RDYC RDYC
- W w - - w w - W W
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Bit Name R/W Reset Value Function

31:10 Reserved - - Reserved

LSE clock security system interrupt flag.
9 LSECSSC w 0 0:No effect
1:Clear LSECSSF flag

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

75 Reserved - - Reserved

HSE ready flag cleared.
4 HSERDYC w 0 0:No effect
1:Clear HSERDYF bit

HSI ready flag cleared.
3 HSIRDYC w 0 0:No effect
1:Clear HSIRDYF bit

2 Reserved - - Reserved

LSE ready interrupt flag cleared.
1 LSERDYC w 0 0:No effect
1:Clear LSERDYF flag

LSl ready flag cleared.
0 LSIRDYC W 0 0:No effect
1:Clear LSIRDYF bit

8.5.8. 1/0 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
GPIOF GPIO | GPIOB | GPIOA
Res Res Res Res Res Res Res Res Res Res Res Res
RST CRST | RST RST
- - - - - - - - - - RW - - RW RW RW
Bit Name R/W Reset Value Function
31:6 Reserved - - Reserved
I/O Port F reset.
5 GPIOFRST RW 0 0:No effect
1:Port F I/O reset
4:3 Reserved - - Reserved
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Bit

Name

R/W

Reset Value

Function

GPIOCRST

RW

I/O Port C reset.
0:No effect
1:Port C I/O reset

GPIOBRST

RW

I/O Port B reset.
0:No effect
1:Port B I/O reset

GPIOARST

RW

I/O Port A reset.
0:No effect
1:Port A I/O reset

8.5.9. AHB peripheral reset register (RCC_AHBRSTR)

Address offset:0x28
Reset value:0x0000 0000

The register is set and cleared by the software. After the software is set, the module maintains reset until the

software clears the reset.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DIV
Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res
RST
- - - - - - - RW - - - - - - - -
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CRC DMA
Res Res Res Res Res Res Res Res Res Res Res Res Res Res
RST RST
- - - RW - - - - - - - - - - - RW
Bit Name R/W Reset Value Function
31:25 Reserved - - Reserved
Divider module reset.
24 DIVRST RW 0 0:No effect
1:Divider module reset
23:13 Reserved Reserved
CRC reset
12 CRCRST RW 0 0:No effect
1:CRC reset
11:9 Reserved - - Reserved
8:1 Reserved - - Reserved
DMA reset.
0 DMARST RW 0 0:No effect
1:.DMA reset
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8.5.10. APB peripheral reset register 1 (RCC_APBRSTR1)

Address offset:0x2C
Reset value:0x0000 0000
The register is set and cleared by the software. After the software is set, the module maintains reset until the

software clears the reset.

31 30 29 28 27 26 25 24 23 22 21 20
LPTIM OPA PWR 12C2 12C1
Res Res Res Res Res Res Res
RST RST RST RST RST
RW RW - RW - - - - - RW RW -
19 18 17 16 15 14 13 12 11 10 9 8
RTC
USART4 USART3 USART2 SPI2 WWDG
Res Res Res Res APB Res Res
RST RST RST RST RST
RST
RW RW RW - - RW - - RW RW - -
7 6 5 4 3 2 1 0
TIM7 TIM6
Res Res Res Res TIM3RST TIM2RST
RST RST
- - RW RW - RW RW
Bit Name R/W Reset Value Function
LPTIM reset
31 LPTIMRST RW 0 0:No effect

1:The module is reset

OPA reset
30 OPARST RW 0 0:No effect

1:The module is reset

29 Reserved - - Reserved

Power interface reset
28 PWRRST RW 0 0:No effect

1:The module is reset

27:23 Reserved - - Reserved
12C2 reset
22 I2C2RST RW 0 0:No effect

1:The module is reset

12C1 reset.
21 I2C1RST RW 0 0:No effect

1:The module is reset

20 Reserved - - Reserved

19 USART4RST RW 0 USART4 reset
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Bit Name R/W Reset Value Function

0:No effect;

1:The module is reset

USART3 reset
18 USART3RST RW 0 0:No effect

1:The module is reset

USART2 reset
17 USART2RST RW 0 0:No effect

1:The module is reset

16:15 Reserved - - Reserved
SPI2 reset
14 SPI2RST RW 0 0:No effect

1:The module is reset

13:12 Reserved - - Reserved
WWDG reset
11 WWDGRST RW 0 0:No effect

1:The module is reset

RTC module APB reset.
10 RTCAPBRST RW 0 0:No effect

1:The module is reset

9:6 Reserved - - Reserved
TIM7 reset
5 TIM7RST RW 0 0:No effect

1:The module is reset

TIMG6 reset
4 TIMBRST RW 0 0:No effect;

1:The module is reset

3.2 Reserved - - Reserved
TIM3 reset
1 TIM3RST RW 0 0:No effect

1:The module is reset

TIM2 reset
0 TIM2RST RW 0 0:No effect

1:The module is reset

8.5.11. APB peripheral reset register 2 (RCC_APBRSTR2)

Address offset:0x30
Reset value:0x0000 0000
The register is set and cleared by the software. After the software is set, the module maintains reset until the

software clears the reset.
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LCD COMP2 COMP1 TIM17 TIM16 TIM15
Res Res Res
RST RST RST RST RST RST
RW - RW RW RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SYS
TIM14 USART1 SPI1 TIM1 MCUDBG ADC
Res Res Res CFG
RST RST RST RST RST RST
RST
RW RW RW RW RW RW RW
Bit Name R/W Reset Value Function
31:24 Reserved - - Reserved
LCD reset
23 LCDRST RW 0 0:No effect
1:The module is reset
22 Reserved - - Reserved
COMP2 reset
21 COMP2RST RW 0 0:No effect
1:The module is reset
COMPL1 reset
20 COMP1RST RW 0 0:No effect
1:The module is reset
19 Reserved - - Reserved
TIM17 reset
18 TIM17RST RW 0 0:No effect
1:The module is reset
TIM16 reset
17 TIM16RST RW 0 0:No effect
1:The module is reset
TIM15 reset
16 TIM15RST RW 0 0:No effect
1:The module is reset
TIM14 reset.
15 TIM14RST RW 0 0:No effect
1:The module is reset
USART1 reset
14 USART1RST RW 0 0:No effect
1:The module is reset
13 Reserved - - Reserved
12 SPI1RST RW 0 SPI1 reset
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Bit Name R/W Reset Value Function
0:No effect
1:The module is reset
TIM1 reset
11 TIM1RST RW 0 0:No effect
1:The module is reset
DBG reset
10 MCUDBGRST RW 0 0:No effect
1:The module is reset
ADC reset.
9 ADCRST RW 0 0:No effect
1:The module is reset
8:1 Reserved - - Reserved
SYSCFG reset
0 SYSCFGRST RW 0 0:No effect
1:The module is reset
8.5.12. 1/O port clock enable register (RCC_IOPENR)
Address offset:0x34
Reset value:0x0000 0000
This bit is set and cleared by software.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
GPIOF GPIOC | GPIOB | GPIOA
Res Res Res Res Res Res Res Res Res Res Res Res
EN EN EN EN
- - - - - - - - - - RW - - RW RW RW
Bit Name R/W Reset Value Function
31:6 Reserved - - Reserved
I/O Port F clock enable
5 GPIOFEN RW 0 0:clock disabled
1:clock enabled
4:3 Reserved - - Reserved
I/O Port C clock enable
2 GPIOCEN RW 0 0:clock disabled
1:clock enabled
I/0O Port B clock enable
1 GPIOBEN RW 0
0:clock disabled
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1:clock enabled

0 GPIOAEN RW

I/O Port A clock enable
0:clock disabled

1:clock enabled

8.5.13. AHB peripheral clock enable register (RCC_AHBENR)

Address offset:0x38
Reset value:0x0000 0300

This bit is set and cleared by software.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res Res Res Res Res Res DIVEN Res Res Res Res Res Res Res Res
B B B, B B B RW B B B B - B
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CRC SRAM | FLASH DMA
Res Res Res Res Res Res Res Res Res Res Res Res
EN EN EN EN
- - - RW - RW RW - - - - - RW
Bit Name R/W Reset Value Function
31:25 Reserved - - Reserved
Divider module clock enable
24 DIVEN RW 0 0:Disabled
1:Enabled
23:13 Reserved - - Reserved
Enable CRC clock
12 CRCEN RW 0 0:Disabled
1:Enabled
11:10 Reserved - - Reserved
In Sleep mode, clock enable control of 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's 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
7:1 Reserved - - Reserved
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Bit Name R/W Reset Value Function
DMA clock enable
0 DMAEN RwW 0 0:Disabled
1:Enabled

8.5.14. APB peripheral clock enable register 1 (RCC_APBENR1)

Address offset:0x3C
Reset value:0x0000 0000

This bit is set and cleared by software.

31 30 29 28 27 26 25 24 23 22 21
LPTIM PWR 12C1
OPAEN Res Res Res Res Res Res 12C2EN
EN EN EN
RW RW RW RW RW
20 19 18 17 16 15 14 13 12 11 10

USART4E USART3E USART2E WWDG TIM-
Res Res Res SPI2EN Res Res
N N N EN DIV_EN
RW RW RW RW RW
9 8 7 6 5 4 3 2 1
TIM3
Res Res Res Res TIM7EN TIMGEN Res Res TIM2EN
EN
RW RW RW - - RW
Bit Name R/W Reset Value Function
Low power timer 1 clock enable
31 LPTIMEN RW 0 0:Disabled
1:Enabled
OPA clock enable
30 OPAEN RW 0 0:Disabled
1:Enabled
29 Reserved - - Reserved
Power interface clock enable
28 PWREN RW 0 0:Disabled
1:Enabled
27:23 Reserved - - Reserved
I12C2 enable
22 I2C2EN RW 0 0:Disabled
1:Enabled
I12C1 enable
21 I2C1EN RW 0 0:Disabled
1:Enabled
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Bit

Name

R/IW

Reset Value

Function

20

Reserved

Reserved

19

USART4EN

RW

USART4 enable
0:Disabled
1:Enabled

18

USART3EN

RW

USARTS3 enable
0:Disabled
1:Enabled

17

USARTZ2EN

RW

USART2 enable
0:Disabled
1:Enabled

16:15

Reserved

Reserved

14

SPI2EN

RW

SPI2 enable
0:Disabled
1:Enabled

This regqister is reset and cleared by the hardware.

13:12

Reserved

Reserved

11

WWDGEN

RW

Window Watchdog clock enabled.
0:Disabled
1:Enabled

This register is reset and cleared by the hardware.

10

TIMDIV_EN

RW

TIMER PCLK frequency control.

O:TIMER PCLK is system PCLK * 2, but the frequency will

not exceed HCLK
1:TIMER PCLK is system PCLK * 1

9:6

Reserved

Reserved

TIM7EN

RW

TIM7 enable
0:Disabled
1:Enabled

TIMGEN

RW

TIM6 enable
0:Disabled
1:Enabled

3:2

Reserved

Reserved

TIM3EN

RW

TIM3 enable
0:Disabled
1:Enabled

TIM2EN

RwW

TIM2 enable
0:Disabled

1:Enabled
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8.5.15. APB peripheral clock enable register 2 (RCC_APBENR?2)

Address offset:0x40
Reset value:0x0000 0001

This bit is set and cleared by software.

31 30 29 28 27 26 25 24 23 22 21
Res Res Res Res Res Res Res Res LCDEN Res COMP2EN
RW RW
20 19 18 17 16 15 14 13 12 11 10
TIM17 TIM16 TIM15 TIM14 USARTI1E MCUD-
COMP1EN Res Res SPILEN TIMLEN
EN EN EN EN N BGEN
RW RW RW RW RW RW - RW RW RW
9 8 7 6 5 4 3 2 1 0
ADCEN Res Res Res Res Res Res Res Res SYSCFGEN
RW RW
Bit Name R/W Reset Value Function
31:24 Reserved - - Reserved
LCD clock enable
23 LCDEN RW 0 0:Disabled
1:Enabled
22 Reserved - - Reserved
COMP2 enable
21 COMP2EN RW 0 0:Disabled
1:Enabled
COMPL1 enable
20 COMP1EN RW 0 0:Disabled
1:Enabled
19 Reserved - - Reserved
TIM17 enable
18 TIM17EN RW 0 0:Disabled
1:Enabled
TIM16 enable
17 TIM16EN RW 0 0:Disabled
1:Enabled
TIM15 enable
16 TIM15EN RW 0 0:Disabled
1:Enabled
TIM14 enable
15 TIM14EN RW 0
0:Disabled
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Bit

Name

R/W Reset Value

Function

1:Enabled

14

USARTI1EN

RW 0

USART1 enable
0:Disabled
1:Enabled

13

Reserved

Reserved

12

SPIEN

RW 0

SPI1 enable
O:Disabled
1:Enabled

11

TIM1EN

RW 0

TIM1 enable
O:Disabled
1:Enabled

10

MCUDBGEN

RW 0

MCUDBG clock enable
0:Disabled
1:Enabled

ADCEN

RW 0

ADC enable
0:Disabled
1:Enabled

8:1

Reserved

Reserved

SYSCFGEN

RW 1

SYSCFG clock enable
0:Disabled
1:Enabled

8.5.16. Peripherals independent clock configuration register (RCC_CCIPR)

Address offset:0x54
Reset value:0x0000 0000

This bit is set and cleared by software.

31 | 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LPTIM1SEL
Res Res Res Res Res Res Res Res Res Res Res Res Res
[1:0]
- RW RW - -
15 | 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
COMP2 | COMP1 | PVD
Res Res Res Res Res Res Res Res Res Res Res
SEL SEL SEL
- - RW RW RW - - - - - - -
Bit Name R/W Reset Value Function
31:20 Reserved - - Reserved
LPTIM internal clock source selection.
19:18 LPTIMSEL[1:0] RW 26b00O0
00:PCLK
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Bit Name R/W Reset Value Function

01:LSI

10:No clock

11:LSE

Note:When PCLK is selected for the LPTIM internal
clock source, the LPTIM_CFGR.PRESC register needs

to be configured to divide 2 and above.

17:10 Reserved - - Reserved

COMP2 clock source selection.

0:PCLK

9 COMP2SEL RW 0 1:LSC (clock selected by RCC_BDCR.LSCOSEL)
Note:Configure and select LSC clock before enabling

COMP2_FR2. FLTEN.

COMP1 clock source selection.

0:PCLK

8 COMP1SEL RW 0 1:LSC (clock selected by RCC_BDCR.LSCOSEL)
Note:Configure selection clock before enabling

COMP1_FR.FLTEN.

PVD detect clock source selection.

0:PCLK

1:LSC (clock selected by RCC_BDCR.LSCOSEL)

7 PVDSEL RW 0 Note:When the clock source is PCLK, PWR_CR1.
FLTEN needs to be configured to 0. If FLTEN is ena-
bled, the LSC clock must be selected and configured to

select the LSC clock before FLTEN is enabled.

6:0 Reserved - - Reserved

8.5.17. RTC domain control register (RCC_BDCR)

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

When this register is accessed continuously, 0 O wai't
31 30 29 28 | 27 26 25 24 23 22 21 20 19 18 17 16
LSCO | LSC
Res Res Res Res Res Res Res Res BDRST
SEL OEN
- RW RW | RW - - - - - - RW
15 14 13 12 | 11 10 9 8 7 6 5 4 3 2 1 0
LSE
RTC LSEC LSE- LSER
Res RTCSEL [1:0] Res | CSS Res | Res LSEON
EN SSON BYP DY
D
RW - RW RW - R RW - - RW R RW
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Bit

Name

R/W

Reset Value

Function

31:26

Reserved

Reserved

25

LSCOSEL

RW

Low speed clock output selection
o:LSI
1.LSE

24

LSCOEN

RW

Low speed clock enabled.
0:Disabled
1:Enabled

23:17

Reserved

Reserved

16

BDRST

RW

RTC domain software reset.
0:No effect

1:Reset

15

RTCEN

RW

RTC clock enabled. Set and cleared by software.
0:Disabled
1:Enabled

14:10

Reserved

Reserved

9:8

RTCSEL [1:0]

RW

RTC clock source selection.

00:No clock

01:LSE

10:LSlI

11:HSE 128 divided frequency

Once the RTC clock source is selected, it cannot be
changed unless:

1. RTC domain reset to 00

2. Select LSE (LSECSSD = 1) but no LSE

Reserved

Reserved

LSECSSD

CSS failed to detect LSE.

Set by hardware to indicate when a failure has been de-
tected by the clock security system (CSS) on the external
32.768 kHz oscillator (LSE).

0:No failure detected on LSE

1:Failure detected on LSE

LSECSSON

RW

CSS enables LSE clock.

O:Interrupt is disabled

1:Enabled

Note: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).
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Bit Name R/W Reset Value Function

4:3 Reserved - - Reserved

LSE OSC hypass

0:No bypass, low-speed external clock selects crystal os-
cillator;

2 LSEBYP RW 0 1:Bypass, low-speed external clock select external inter-
face input clock;

This bit can be written only when the external 32.768 kHz

oscillator is disabled (LSEON=0 and LSERDY=0).

LSE OSC ready.
1 LSERDY R 0 Hardware configuration:A value of 1 in this bit indicates

the LSE clock is ready.

LSE oscillator enable
0 LSEON RW 0 0:Disabled
1:Enabled

8.5.18. RCC control/status register (RCC_CSR)

Address offset:0x60
Reset value:0x0800 0000

The reset flag bit in this register can only be reset by power reset, and the rest is reset by the system.

When this register is accessed continuously, 0 O
31 30 29 28 27 26 25 24 23 22 21
WWDG IWDG SFT PWR PIN OBL
Res Res RMVF Res Res
RSTF RSTF RSTF RSTF RSTF RSTF
- R R R R R R - RW - -
20 19 18 17 16 15 14 13 12 11
Res Res Res Res Res Res Res Res Res Res
10 9 8 7 6 5 4 3 2 1 0
PINRST LSl
Res Res Res Res Res Res Res Res LSION
_FLTDIS RDY
- - RW - - - - - - R RW
Bit Name R/W Reset Value Function
31 Reserved - - Reserved
Window watchdog reset flag.
30 WWDGRSTF R 0
Cleared by writing 1 to the RMVF bit.
Independent watchdog reset flag
29 IWDGRSTF R 0
Cleared by writing 1 to the RMVF bit.
28 SFTRSTF R 0 Software reset flag
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Bit Name R/W Reset Value Function
Cleared by writing 1 to the RMVF bit.
BOR/POR/PDR reset flag
27 PWRRSTF R 1
Cleared by writing to the RMVF bit.
PIN reset flag
26 PINRSTF R 0
Cleared by writing 1 to the RMVF bit.
Option byte loader reset flag
25 OBLRSTF R 0
Cleared by writing 1 to the RMVF bit.
24 Reserved - - Reserved
23 RMVF RW 0 Set by software to clear the reset flags of [30:25].
22:9 Reserved - - Reserved
NRST filter width 40 as disabled
OHSI _10M enabled, and filte
8 PINRST_FLTDIS RW 0 abled
1:The filtering function is disabled, and the system reset is
generated by synchronization to the system clock
7:2 Reserved - - Reserved
LSl oscillator stable flag
1 LSIRDY R 0 0:LSlI oscillator unstable
1:LSI oscillator stable
LSl oscillator enable
0:Disabled
1:Enabled
0 LSION RW 0

When the hardware turns on the analog LSI:

1. Hardware IWDG enabled

2. LSECSS enabled
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9.General-purpose I/0s (GPIO)

9.1.

9.2.

9.3.

Introduction

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

A

> I>» O >» >» >

Four 32-bit configuration registers (GPIOx_MODER, GPIOx_OTYPER, GPIOx_OSPEEDR and

GPIOX_PUPDR)

Two 32-bit data registers (GPIOx_IDR and GPIOx_ODR)

A 32-bit set/reset register (GPIOx_BSRR)

A 32-bit locking register (GPIOx_LCKR)

Two multiplexing function selection registers (GPIOx_AFRH and GPIOx_AFRL).
A 32-bit reset register (GPIOx_BRR)

GPIO functional description

> > » > I > > > > > > I

Register supports Fast I0O/AHB bus read and write

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

Output data from output data register (GPIOx_ODR) or peripheral (alternate function output)

Speed selection for each I/O

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

Input data to input data register (GPIOx_IDR) or peripheral (alternate function input)
Set/Reset register (GPIOx_BSRR) to allow bit write access to GPIOx_ODR

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

Alternate function selection registers (at most 16 AFs possible per 1/0)

Ability to flip quickly in a single cycle

Highly flexible I/0O multiplexing function, allowing the 1/0O port to function as GPIO or as various

peripheral interface functions

GPIO functional description

Each port bit of the general-purpose 1/0 (GPIO) ports can be individually configured by software in

several modes:

> > >» >» >» >» I>» >

Input floating

Input pull-up

Input-pull-down

Analog

Output open-drain with pull-up or pull-down capability
Output push-pull with pull-up or pull-down capability
Push-pull with pull-up or pull-down multiplexing function

Alternate function open-drain with pull-up or pull-down capability
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9.3.1.

9.3.2.

Each I/O port bit is freely programmable, however the 1/O port registers have to be accessed as words,
half-words or bytes. The purpose of the GPIOx_BSRR register is to allow atomic read/modify accesses
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.

Figure below gives the possible port bit configurations.

Analog inputoutput
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igital i i Input driver !
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power control and EXTI | }
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5 | |
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From onchip Alternate function output | Pushpull or
peripheral I opendrain = |

Fig9fiBasdtcructure of an 1/ O port bi

General-purpose I/0Os (GPIO)

During and just after reset, the alternate functions are not active and most of the 1/O ports are config-
ured in analog mode.

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

A PA14-SWCLK:put in pull-down mode

A PA13-SWDIO:put in pull-up mode

The Boot pinis put into input mode by default, pull-down mode

A PF8-Boot:put into pull-down mode

When the pin is configured as output, the value written to the output data register (GPIOx_ODR) is
output on the I/O pin. It is possible to use the output driver in push-pull mode or open-drain mode (only

the low level is driven, high level is HI-Z).
The input data register (GPIOx_IDR) captures the data present on the I/O pin at every AHB clock cycle.

All GPIO pins have weak internal pull-up and pull-down resistors, which can be activated ornot de-
pending on the value in the GPIOx_PUPDR register.
I/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 1/O pin.
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9.3.3.

The multiplexer on each I/O port has up to 16 multiplexing function inputs (AFO to AF15), which can
be configured through the registers GPIOx_AFRL (for pin 0 to 7) and GPIOx_AFRH (for pin 8 to 15).

A After reset the multiplexer selection is alternate function 0 (AF0). The I/Os are configured in alter-
nate function mode through GPIOXx_MODER register

A Please refer to the datasheet for the distribution of multiplexing functions of each pin

In addition to this flexible I/O multiplexing architecture, each peripheral has alternate functions mapped

onto different I/O pins to optimize the number of peripherals available in smaller packages.
To use an I/O in a given configuration, the user has to proceed as follows:

A Debug function:after each device reset these pins are assigned as alternate function pins imme-

diately usable by the debugger host

b3

GPIO:configure the desired I/O as output, input or analog in the GPIOx_MODER register.

b3

Peripheral alternate function:

I The I/O corresponding to the register GPIOx_AFRL or GPIOx_AFRH configuration is multi-
plexing function x (x = 0...15)

i Select the type, pull-up/pull-down and output speed via the GPIOXx OTYPER,
GPIOx_PUPDR and GPIOx_OSPEEDER registers, respectively.

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

i Bus read and write function:In addition to supporting Fast 10 read and write GPIOX registers,
the GPIO module also supports read and write registers through the AHB bus. The register
access method is selected by the GPIO_AHB_SEL bit of the SYSCFG module. When the
GPIO_AHB_SEL bit is 0, the GPIOXx register can only be accessed through Fast 10; When
GPIO_AHB_SEL is 1, only the GPIOXx register is accessed through the AHB bus.

I The way the AHB bus accesses the GPIO register, in addition to supporting the CPU, also
supports DMA, that is, DMA can directly access the GPIO register through the AHB bus.

>

Additional functions:

i ADC connection could be enabled in ADC registers regardless the configured GPIO mode.
It is recommended to configure GPIO in analog mode in the GPIOx_MODER register when
ADC or COMP is used.

i For the additional functions like oscillators, configure the required function in the related PWR
and RCC registers. These functions have priority over the configuration in the standard GPIO

registers.

I/O port control registers

Each of the GPIO ports has four 32-bit memory-mapped control registers (GPIOx_MODER,
GPIOx_OTYPER, GPIOx_OSPEEDR, GPIOx_PUPDR) to configure up to 16 I/Os. The
GPIOx_MODER register 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.
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9.3.4.

9.3.5.

9.3.6.

I/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 1/O are stored into the input data register (GPIOx_IDR), a read-only register.

I/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 writ-
ten 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 GPIOXx_BSRR does not have any effect on the corresponding bit in GPIOx_ODR.

If there is an attempt to both set and reset a bit in GPIOXx_BSRR, the set action takes priority.

Using the GPIOXx_BSRR register to change the values of individual bits in GPIOx_ODR is a one-shot
effect that does not lock the GPIOx_ODR bits. The GPIOx_ODR bits can always be accessed directly.

The GPIOx_BSRR register provides a way of performing atomic bitwise handling.

There is no need for the software to disable interrupts when programming the GPIOx_ODR at bit

level:it is possible to modify one or more bits in a single atomic AHB write access.

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, GPIOx_AFRL and GPIOx_AFRH.

To write the GPIOXx_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 [15:0] is used to lock the con-
figuration of the I/Os (during the write sequence the LCKR [15:0] 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 (GPIOXx_MODER, GPIOx_OTYPER, GPIOx_OSPEEDR, GPIOx_PUPDR,
GPIOx_AFRL and GPIOx_AFRH.

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 [15:0] bits.

I/O alternate function input/output

Two registers are provided to select one of the alternate function inputs/outputs available for each I/O.
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_AFRL and GPIOx_AFRH alternate function registers. The application can thus select any one

of the possible functions for each 1/0. The AF selection signal being common to the alternate function
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input and alternate function output, a single channel is selected for the alternate function input/output

of a given 1/O.

9.3.7. External interrupt/wakeup lines

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

configured in analog mode or being used as oscillator pin, so the input trigger is kept enabled.

9.3.8. 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 pull-up and pull-down resistors are activated depending on the value in the GPIOx_PUPDR
register
A The data present on the 1/O pin are sampled into the input data register every AHB clock cycle
A Aread access to the input data register provides the I/O state
Analog inputoutput
Td'from on-chip
peripheralspowere——
control and EXTI } !
— } Input driver }
% } off }
k=) | I VCi VCC
(] | |
Read = I 0 |
‘B g ! = —?
3] g } TTL Schmitt Trigger | Onfoff
@ =4 [ [
2 E !
Write ,:_), _% }r }
@ gy’ ! ! 1/0 pad
= I I
o % } o ! onoff
= - | |
Readwrite i 3 } }
= ! 1
« glie] } !
| = —
| | -

Fi g9Rlenput fl-opt pwigwinpeloinf i gurati on

9.3.9. Output configuration
When the 1/O port is programmed as output:

A The output buffer is disabled
i Opendrainmode:A A0O0 in the Output-MOBSgwlkereascaiivhd eisn
register leaves the port in Hi-Z (the P-MOS is never activated).
[ Push-pullmode:A A00 in the GatesgheN-MOBgwbeéereaaca A10 in
register activates the P-MOS.

A The Schmitt trigger input is activated

A The pull-up and pull-down resistors are activated depending on the value in the GPIOx_PUPDR
register

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

A Aread access to the input data register provides the I/O state
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9.3.10.

A Avread access to the output data register gets the last written value
Analog inputoutput
ital i | Inputdriver 1
To onchip peripherals Digital input } }
power control and EXTI™ | !
= | |
5 : ‘
2 I | VCC.
54 | On | T
Read ; I !
< = ; ~ }‘
o o [ !
Q 5 } ‘ TTL Schmitt Trigger } Oroff ‘:
R o e e
2 £ R e |
Write = — } Output driver VCG- o L]
RN 7} \ |
3 [ | I/0 pad
5 g i | onoff |
2 S8 | |
. |B] 5% | ‘
Readwrite = Output control |
|
-+
o ! |
| -
. |
From onchip Alternate function output | Pushpull or !
peripheral I opendrain = :

Fig9B®uUt put configuration

Alternate function configuration

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

A

p>3

> >

> >

The output buffer can be configured in open-drain or push-pull mode
The output buffer is driven by the signals coming from the internal peripheral (alternate function
output)
The Schmitt trigger input is activated
The pull-up and pull-down resistors are activated depending on the value in the GPIOx_PUPDR
register
The data present on the 1/0 pin are sampled into the input data register every AHB clock cycle
A read access to the input data register provides the 1/O state
Analog inputoutput
=== 7””””””””}
Digital input } Input driver !
Alternate function input < } }
! 1
3 | i
2 ! 1 vee,
) | On I
Read o I }
< — = ; ~\ ®
o © | t
9 5 } ‘ TTL Schmitt Trigger I Oroff ‘:
k%) a et e T :
2 s |
Write ‘E i Output driver vCer & L]
a ! | I/0 pad
= o | |
8 83 | i onloff |
) o g% ! \
Readwrite e =0 T Output control |
-0 } }
= ! -
From onchip Alternate function output ! Pushpull or [
peripheral | opendrain = }

Fi g9dkl t efrusmtce i on configuration
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9.3.11. Analog configuration
When the I/O port is programmed as analog configuration:
A The output buffer is disabled;
A The Schmitt trigger input is deactivated, providing zero consumption for every analog value of
the 1/0 pin. The output of the Schmitt trigger is forced to a constant value (0);
A Weak pull-up and pull-down resistors are disabled (software setting is required);
A Read access to the input data register gets
Analog inputoutput
Td from on-chip
peripherals power < N
control and EXTI } }
— } Input driver }
(4] | |
7} I off I
8 } } VCC_- —VCC
Read = | o }
— g | ~ ; A
o) 5 ! ‘ TTL Schmitt Trigger | & °ff
z g e ;
. o Q e e — — — — R =
Wwrite b B | Output driver } ]
2 i')) } } I/0 pad
- I I
E % i o 3 onoff i
Readwrite i 3 } }
5 \ |
- 5 ! !
| :
Fi g9bldi gh | mpaendaalnocge conf i gurati on
9.3.12. Using HSE/LSE pins as GPIO
When the HSE or LSE oscillator is turned off (the default after reset), the corresponding pin can be
used as a normal GPIO.
When the HSE or LSE oscillator is turned on (HSEON or LSEON in the RCC_CSR register is set), the
software needs to configure the corresponding port as an analog port.
When the oscillator is configured in user external clock mode, only OSC_IN or OSC32_IN is reserved
for the clock input, while the OSC_OUT or OSC32_0OUT pin can still be used as the normal GPIO.
9.4. GPIO registers
All GPIO-related registers are available for word, half-word, and byte writes.
9.4.1. GPIO port mode register (GPIOx_MODER) (x =A, B, C, F)
Address offset:0x00
Reset value:
A OXEBFF FFFF (Port A)

A OXFFFF FFFF (port B)
A OXFFFF FFFF (port C)
A 0x000C FFFF (Port F)
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MODE150]] MODE140]] MODE130]] MODE120]]| MODE110]]] MODE100]]|] MODE9:0]| MODES8:0]
RW RW RW RW RW RW | RW RW | RW | RW | RW | RW | RW | RW | RW | RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MODE70] | MODE60]| MODE50]| MODE40]| MODE30]| MODE20]| MODE1:0]| MODEO0:0 ]
RW RW RW RW RW RW | RW RW | RW | RW | RW RW | RW | RW | RW [ RW
Bit Name R/W Reset Value Function
y=15..0
These bits are written by software to configure
OXEBFFFFFF (PA)
the 1/0 mode.
OXFFFFFFF (PB)
31:0 MODEy [1:0] RW 00:Input mode
OXFFFFFFF (PC)
01:General purpose output mode
0x000CFFFF (PF)
10:Alternate function mode
11:Reset state
9.4.2.

GPIO port output type register (GPIOx_OTYPER) (x =A,B,C, F)
Address offset:0x04
Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23| 22 21 20 19| 18 17 16
Res| Res| Res| Res| Res| Res| 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
OT1y0T140T1{0T1]0T1]10T1( OT9| OT8| OT7/ OT6| OT5| OT4| OT3 OT2/ OT1| OTO
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 - - Reserved

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

output type.
15:0 OT [15:0] RW 0

0:push-pull output (reset state)

1:Output open-drain

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

Reset value:0x0000 0000 (other ports)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
OSPEED1] OSPEED1l OSPEED1l OSPEED] OSPEED] OSPEED] OSPEED| OSPEED
RW RW RW RW RW RW RW | RW| RW| RW| RW| RW| RW| RW| RW | RW
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OSPEEDY OSPEEDGE OSPEEDY OSPEED| OSPEED| OSPEED| OSPEED| OSPEED
RW RW RW RW RW RW RW RW | RW RW | RW | RW | RW | RW | RW RW
Bit Name R/W Reset Value Function
Y=15..0
These bits are written by software to configure
the I/O output speed.
0x0C000000 (PA)
31:0 OSPEEDy [1:0] RW 00:Low speed
0x0 (Others)
01:Medium speed
10:high speed
11:Very high speed

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

Reset value:

> >

0x2400 0000 (Port A)
0x0000 0000 (Port B, C)

A 0x0002 0000 (Port F)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PUPD1®]| PUPD1®]| PUPD1®]| PUPD1®D]| PUPD1ID]| PUPD1I®]| PUPD90]| PUPDS&O ]|
RW RW RW RW RW RW RW RW RW RW RW RW RW | RW | RW | RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PUPD70]| PUPDG6O][| PUPDS50]| PUPD40]| PUPD30][| PUPD20]| PUPDL2O]| PUPDOO ]
RW RW RW RW RW RW RW RW RW RW RW RW RW | RW | RW | RW
Bit Name R/W Reset Value Function
Y=15..0
These bits are written by software to con-
0x24000000 (PA)
figure the 1/0 pull-up or pull-down
0x0 (PB)
31:.0 PUPDy [1:0] RW 00:No pull-up, pull-down
0x0 (PC)
01:pull-up
0x20000 (PF)
10:pull down
11:Reserved
9.4.5. GPIO port input data register (GPIOx_IDR) (x =A,B, C, F)

Address offset:0x10

Reset value:0x0000 XXXX

31

30

29

28

27

26

25 24 23 22

21

20

19 18

17

16

Re s
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I D1} 1 D1 I D1 I D1 I D1} 1 D1( 1 D9 I Dg I D7 1 D6 | D5 I D4 1 D3 I D2 1 DY | DO
R R R R R R R R R R R R R R R R
Bit Name R/W Reset Value Function
31:16 Reserved - - Reserved
y=15..0
15:0 IDy R - These bits are read-only. They contain the input value of
the corresponding 1/O port.

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

Address offset:0x14
Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OD1H OD14 0D13 OD1Z4 OD11 OD1(Q OD9| OD8/ OD7| OD6| OD5| OD4| OD3| OD2| OD1| ODO
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 - - Reserved
y=15..0
These bits can be read and written by software.
15:0 ODy RwW 0
Note:For GPIOXx_BSRR or GPIOx_BRR (x=A, B, C, F),
each ODR bit can be set/cleared independently.
9.4.7. GPIO port bit set/reset register (GPIOx_BSRR) (x =A, B, C, F)

Address offset:0x18
Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
BR1Y BR14BR13JBR13BR1] BR1( BRY9 BR8 BR7| BR6] BR5| BR4| BR3| BR2| BR1| BRO
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

BS19BS14BS1iBS17BS1]BS1(BS9 BS8 BS7| BS6] BS5 BS4 BS3] BS2 BS1 BSO
W W w W w W W W W w W w W W w w

Bit Na me R/ W Reset Vg Functi on

316 BRy w 0 y = 15..0
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Bit Name R/ W Reset V¢ Functi on
These bitenaye Wrie¢ad to
the value 0.
OONo effect on the correspgd
1.Cl ear the corresponding (
Notld bot hBRSy aaedset, BSy
y = 15..0
These bitenaye WNriead to f
1% BSy W 0 the value 0.
OONo effect on the correspgd
1.Set the corresponding ODH
9.4.8. GPIO port configuration lock register (GPIOx_LCKR) (x = A, B, C, F)

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

to bit 16 (LCKK). LCKy [15:0] is used to lock the configuration of the GPIO port and cannot be changed

during a specified write operation. 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
LCK1| LCK1] LCK1| LCK1| LCK1| LCK1| LCKYg LCK8 LCK7 LCKf LCKY LCK4 LCK3 LCK2 LCK1 LCKQ
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Bit Name R/W Reset Value Function
31:17 Reserved - - Reserved
This bit can be read any time. It can only be modified us-
ing the lock key write sequence.
0:Port configuration lock key not active
1:Port configuration lock key active. The GPIOx_LCKR
16 LCKK RW 0 register is locked until the next system reset.
Write timing of lock key:
WR LCKR [16] ='1' + LCKR [15:0]
WR LCKR [16] ='0' + LCKR [15:0]
WR LCKR [16] ='1' + LCKR [15:0]
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Bit Name R/W Reset Value Function
RD LCKR
RD L CKR [ (ths leadoperatbbdis optional but it
confirms that the lock is active)
Note:During the LOCK key write sequence, the value of
LCK [15:0] must not change. Any error in the lock se-
guence aborts the lock. After the first lock sequence on
any bit of the port, any read access on the LCKK bit re-
turns 616 until the next M
y=15..0
These bits are read/write but can only be written when
15:0 LCKy RW 0 the LCKK bit is '0'.
0:Port configuration not locked
1:Port configuration locked

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

Address offset:0x20
Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
AFSELD][ 3 AFSEL®]][ 3 AFSEL®][ 3 AFSEL®]][ 3
RW RW RW RW RW RW RW RW | RW RW | RW | RW RW | RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 & 2 1 0
AFSELB®][ 3 AFSELD]][ 3 AFSELD][ 3 AFSELO]][ 3
RW RW RW RW RW RW RW RW | RW RW | RW | RW RW | RW RW RW
Bit Name R/W Reset Value Function
These bits are written by software to configure alter-
nate function 1/Os.
AFSELYy selection:
0000:AFO0 1000:AF8
0001:AF1 1001:AF9
AFSELy [3:0]
31:0 RW 0 0010:AF2 1010:AF10
(y=71t00)
0011:AF3 1011:AF11
0100:AF4 1100:AF12
0101:AF5 1101:AF13
0110:AF6 1110:AF14
0111:AF7 1111:AF15
9.4.10. GPIO alternate function register (high) (GPIOx_AFRH) (x = A, B, C, F)

Address offset:0x24
Reset value:0x0000 0000
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
AFSELI®] [ 3 AFSELI®] [ 3 AFSEL I®B] | AFSEL 1®] |
RW RW RW RW RW RW RW RW | RW RW | RW | RW | RW | RW | RW RW
15 14 13 12 11 10 9 8 7 6 5) 4 3 2 1 0
AFSELta] [ 3 AFSELI®] [ 3 AFSEL®][ 3 AFSEL®][ 3
RW RW RW RW RW RW RW | RW| RW| RW| RW| RW| RW| RW| RW | RW
Bit Name R/W Reset Value Function
These bits are written by software to configure alternate
function 1/Os.
AFSELy selection:
0000:AFO0 1000:AF8
0001:AF1 1001:AF9
AFSELy [3:0]
31:0 RW 0 0010:AF2 1010:AF10
(y =81to 15)
0011:AF3 1011:AF11
0100:AF4 1100:AF12
0101:AF5 1101:AF13
0110:AF6 1110:AF14
0111:AF7 1111:AF15

9.4.11. GPIO port reset register (GPIOx_BRR) (x =A,B, C, F)

Address offset:0x28
Reset value:0x0000 0000

31 30 29 28 27 26 25| 24| 23| 22| 21| 20| 19| 18| 17| 16
Re s
15 14 13 2 11 10 9 8 7 6 5 4 3 2 1 0
BR1YBR14BR1JyBR14BR1]1BR1(BR9 BR8 BR7| BR6/ BR5 BR4| BR3| BR2| BR1| BRO
W W w W W W w W w W w W W w W w
Bit Name R/W Reset Value Function

31:16 Reserved - - Reserved

y=15..0

These bits are write-only. A read to these bits re-
15:0 BRy w 0 turns the value 0.

0:No effect on the corresponding ODRY bit

1:Clear the corresponding ODRY bit
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10.

System configuration controller (SYSCFG)

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

controller are the following:

A Enable and disable I12C type 10 filter
A Mapping the initial program area according to different boot modes
A DMA peripheral channel selection control
A TIMx cascade control.
A Enable and disable PVD Lock
A Enable and disable Cortex-M0+ LOCKUP
A Enable and disable Noise filter for all GPIOs
10.1. SYSCFG registers
10.1.1. SYSCFG configuration register 1 (SYSCFG_CFGR1)
The MEM_MODE bit of this register is used to configure the type of memory address 0x0000 0000
access. These bits are used to select the physical remap by software and so, bypass the hardware
Boot selection. After power-on or PIN 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)
31 | 30 | 29 | 28 27 | 26 | 25 24 23 22 | 21 20 | 19 18 17 16
Res GPIO_AHB_SEL Res ETR_SRC_TIM3[2:0]
RW RW
15 | 14 | 13 | 12 1 | 10| 9 8 7 6 5 4 3 2 1 0
ETR_SRC_TIM2[ TIM3_IC1_S | TIM2_IC4_S | TIM1_IC1_SR | MEM_MOD
Res Res ETR_SRC_TIM1[2:0]
2:0] RC RC C E
- RW RW RW RW RW RW
Bit Name R/W Reset Value | Function
31:25 Reserved - - Reserved
CPU FASTIO or AHB bus access GPIO register
control.
24 GPIO_AHB_SEL RW 0
0:FASTIO bus access;
1:AHB bus access
23:19 Reserved - - Reserved
TIMER3 ETR input source selection.
3 'b000:ETR derived from GPIO
18:16 ETR_SRC_TIM3[2:0] RW 0
3 'b001:ETR derived from COMP1
3 'b010:ETR derived from COMP2
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Bit

Name

R/W

Reset Value

Function

3 'b011:ETR derived from ADC
3 'b100:Reserved

15

Reserved

Reserved

14:12

ETR_SRC_TIM2[2:0]

RW

TIMER2 ETR input source selection.
3 'b000:ETR derived from GPIO

3 'b001:ETR derived from COMP1

3 'b010:ETR derived from COMP2

3 'b011:ETR derived from ADC

3 'b100:Reserved

11

Reserved

Reserved

10:8

ETR_SRC_TIM1[2:0]

RW

TIMER1 ETR input source selection.
3 'b000:ETR derived from GPIO

3 'b001:ETR derived from COMP1

3 'b010:ETR derived from COMP2

3 'b011:ETR derived from ADC

3 'b100:Reserved

7:6

TIM3_IC1_SRC

RW

TIM13 CH1 input source
00:from TIM3_CH1 10
01:from COMP1
10:from COMP2

11:Reserved

5:4

TIM2_IC4_SRC

RW

TIM2 CH4 Source of input
00:from TIM2_CH4 10;
01:from COMP1

10:from COMP2

11:Reserved

3:2

TIM1_IC1_SRC

RW

TIM1 CH1 input source
00:from TIM1_CH1 10;
01:from COMP1
10:from COMP2

11:Reserved

1.0

MEM_MODE

RW

Memory mapping selection bits

x0:Main flash memory mapped at 0x0000 0000
01:System flash memory mapped at 0x0000 0000
11:Embedded SRAM mapped at 0x0000 0000
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10.1.2. SYSCFG configuration register 2 (SYSCFG_CFGR?2)

Address offset:0x04
Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21
Res Res Res Res Res Res Res Res Res Res Res
20 19 18 17 16 15 14 13 12 11 10
COMP2_O | COMP2_.O | COMP2_O | COMP1_O | COMP1_O | COMP1_O COMP2_ COMP2_
COMP1_B
cref_CLR_ cref_CLR_ cref_CLR_ cref_CLR_ cref_CLR_ cref_CLR_ Res BRK_TIM1 Res BRK_TIM1
RK_TIM17
TIM3 TIM2 TIM1 TIM3 TIM2 TIM1 7 6
RW RW RW RW RW RW - RW RW - RW
9 8 7 6 5 4 3 2 1 0
COMP2_
COMP1_B COMP1_B COMP2_ COMP1_B PVD_LOC
Res BRK_TIM1 Res Res LOCKUP_LOCK
RK_TIM16 RK_TIM15 BRK_TIM1 RK_TIM1 K
5
RW - RW RW - RW RW RW - RwW
Bit Name R/W | Reset Value | Function
31:21 Reserved - - Reserved
1:COMP2 output as TIM3 ocref_clr input
20 COMP2_Ocref CLR_TIM3 RW 0
0:COMP2 output is not input as TIM3 ocref_clr
1:COMP2 output as TIM2 ocref_clr input
19 COMP2_Ocref CLR_TIM2 RW 0
0:COMP2 output is not input as TIM2 ocref_clr
1:COMP2 output as TIM1 ocref_clr input
18 COMP2_Ocref CLR_TIM1 RW 0
0:COMP2 output is not input as TIM1 ocref_clr
1:COMP1 output as TIM3 ocref_clr input
17 COMP1_Ocref CLR_TIM3 RW 0
0:COMP1 output is not input as TIM3 ocref_clr
1:COMP1 output as TIM2 ocref_clr input
16 COMP1_Ocref CLR_TIM2 RW 0
0:COMP1 output is not input as TIM2 ocref_clr
1:COMP1 output as TIM1 ocref_clr input
15 COMP1_Ocref CLR_TIM1 RW 0
0:COMP1 output is not input as TIM1 ocref_clr
14 Reserved - - Reserved
COMP2 is enabled as a TIM17 break input
0:COMP2 output is not connected to TIM17
13 COMP2_ BRK_TIM17 RW 0
break input
1:COMP2 output as TIM17 break input
12 COMP1_BRK _TIM17 RW 0 COMP1 is enabled as a TIM17 break input
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Bit

Name

R/IW

Reset Value

Function

0:COMP1 output is not connected to TIM17
break input

1:COMP1 output as TIM17 break input

11

Reserved

Reserved

10

COMP2_ BRK_TIM16

RW

COMP2 is enabled as a TIM16 break input.
0:COMP2 output is not connected to TIM16
break input

1:COMP2 output as TIM16 break input

COMP1_BRK_TIM16

RW

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

1:COMP1 output as TIM16 break input;

Reserved

Reserved

COMP2_ BRK_TIM15

RW

COMP2 is enabled as a TIM15 break input.
0:COMP2 output is not connected to TIM15
break input

1:COMP2 output as TIM15 break input

COMP1_BRK_TIM15

RW

COMPL1 is enabled as a TIM15 break input.
0:COMP1 output is not connected to TIM15
break input

1:COMP1 output as TIM15 break input

Reserved

Reserved

COMP2_ BRK_TIM1

RW

COMP2 is enabled as a TIM1 break input.
0:The COMP2 output is not connected to the
TIM1 break input

1:COMP2 output as TIM1 break input

COMP1_BRK_TIM1

RW

COMP1 is enabled as a TIM1 break input.
0:The COMP1 output is not connected to the
TIM1 break input

1:COMP1 output as TIM1 break input

PVD_LOCK

RW

PVD lock enable bit.

0:PVD interrupt disconnected from
TIM1/15/16/17 break input. PVDE and PLS [2:0]
bits can be programmed by the application
1:PVD interrupt connected to TIM1/15/16/17
break input, PVDE and PLS are read-only

Reserved

Reserved

LOCKUP_LOCK

RW

Cortex-M0+ LOCKUP bit enable bit
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Bit

Name

R/IW

Reset Value

Function

0:Cortex-M0 + LOCKUP bit disconnected from
TIM1/15/16/17 break input

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

10.1.3. SYSCFG configuration register 3 (SYSCFG_CFGR?3)

Address offset:0x08
Reset value:0x3F3F 3F3F

31

30

29 28

27

26 25

24 23

22 21

20 19 18 17 16

Res

DMA4_MAP

Res

DMA3_MAP

RW

RW

15

14

13 12

11

10 9

4 3 2 1 0

Res

DMA2_MAP

Res

DMA1_MAP

RW

RW

Bit

Name

R/W

Reset Value

Function

31:30

Reserved

Reserved

29:24

DMA4_MAP

RW

Ox3F

DMA1 channel 4 mapping.
See DMA1_MAP description.

23:22

Reserved

Reserved

Reserved

21:16

DMA3_MAP

RW

Ox3F

DMA1 channel 3 mapping.
See DMA1_MAP description.

15:14

Reserved

Reserved

Reserved

13:8

DMA2_MAP

RW

Ox3F

DMA1 channel 2 mapping.
See DMA1_MAP description.

7:6

Reserved

Reserved

Reserved

5:0

DMA1_MAP

RwW

Ox3F

DMA1 channel 1 mapping.
000000:ADC1
000001:Reserved
000010:Reserved
000011:SPI1_RD
000100:SPI1_WR
000101:SPI12_RD
000110:SPI2_WR
000111:USART1_RD
001000:USART1_WR
001001:USART2_RD
001010:USART2_WR
001011:USART3_RD
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Bit Name R/W Reset Value | Function

001100:USART3_WR
001101:USART4_RD
001110:USART4_WR
001111:12C1_RD
010000:12C1_WR
010001:12C2_RD
010010:12C2_WR
010011:TIM1_CH1
010100:TIM1_CH2
010101:TIM1_CHS3
010110:TIM1_CH4
010111:TIM1_COM
011000:TIM1_TRG
011001:TIM1_UP
011010:TIM2_CH1
011011:TIM2_CH2
011100:TIM2_CHS3
011101:TIM2_CH4
011110:TIM2_UP
011111:TIM2_TRG
100000:TIM3_CH1
100001:TIM3 _CH2
100010:TIM3_CH3
100011:TIM3_CH4
100100:TIM3_UP
100101:TIM3_TRG
100110:TIM6_UP
100111:TIM7_UP
101000:TIM15_CH1
101001:TIM15_CH2
101010:TIM15_UP
101011:TIM15_TRG
101100:TIM15_COM
101101:TIM16_CH1
101110:TIM16_UP
101111:TIM17_CH1
110000:TIM17_UP
110001:Reserved

110010:LCD
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Bit

Name

R/W

Reset Value

Function

Others:Reserved

10.1.4. SYSCFG configuration register 4 (SYSCFG_CFGRA4)

Address offset:0x0C
Reset value:0x003F 3F3F

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res DMA7_MAP
- RW
15 14 13 12 11 10 9 8 7 6 5) 4 3 2 1 0
Res DMA6_MAP Res DMA5_MAP
- RW - RW
Bit Name R/W Reset Value | Function
31:22 Reserved - - Reserved
DMA1 channel 7 mapping.
21:16 DMA7_MAP RwW Ox3F
See DMA1_MAP description.
15:14 Reserved - - Reserved
DMA1 channel 6 mapping.
13:8 DMAG6_MAP RwW Ox3F
See DMA1_MAP description.
7:6 Reserved - - Reserved
DMA1 channel 5 mapping.
5:0 DMA5_MAP RW Ox3F
See DMA1_MAP description.
10.1.5. GPIOA filter enable (PA_ENS)
Address offset:0x10
Reset value:0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PA_ENS[15:0]
RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW
Bit Name R/W Reset Value Function
31:16 Reserved - - Reserved
PORTA IO filtering enabled.
15:0 PA_ENSIX] RW 0x0000 0:Filter disabled
1:Filter enabled
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10.1.6. GPIOB filter enable (PB_ENS)

Address offset:0x14

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PB_ENS[15:0]
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Bit Name R/W Reset Value Function
31:16 Reserved - Reserved
PORTB IO filtering enabled.
15:0 PB_ENSI[X] RW 0x0000 O:Filter disabled
1:Filter enabled
10.1.7. GPIOC filter enable (PC_ENS)
Address offset:0x18
Reset value:0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PC_ENSJ[15:0]
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Bit Name R/W Reset Value Function
31:16 Reserved - Reserved
PORTC IO filtering enabled.
15:0 PC_ENS[X] RW 0x0000 0:Filter disabled
1:Filter enabled
10.1.8. GPIOF filter enable (PF_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
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res PF_ENS[9:0]
- RW RW RW RW RW RW RW RW RW RW
Bit Name R/W Reset Value Function
31:10 Reserved - - Reserved
PORTF 10 filtering enabled.
9:0 PF_ENS[x] RW 0x000 O:Filter disabled
1:Filter enabled
10.1.9. I°C configuration register (SYSCFG_EIIC)
Address offset:0x20
Reset value:0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res PF_EIIC[1:0] Res
- RW -
15 14 13 12 11 10 9 8 7 6 ® 4 3 2 1 0
PB_EIIC[10:0] Res PA_EIIC[1:0]
RW - RwW
Bit Name R/W Reset Value | Function
31:26 Reserved - - Reserved
EIIC control signal of PF. Used as an I°C type 10
25:24 PF_EIIC[1:0] RW 0 BitO:control PF3
Bitl:control PF4
23:16 Reserved - - Reserved
EIIC control signal for PB. Used as an I2C type 10
BitO:control PB6
Bitl:control PB7
Bit2:control PB8
15:8 PB_EIIC[7:0] RW 0 Bit3:control PB9
Bit4:control PB10
Bit5:control PB11
Bit6:control PB13
Bit7:control PB14
7:2 Reserved - - Reserved
EIIC control signal of PA. Used as an I2C type 10
1:0 PA_EIIC[1:0] RW 0 BitO:control PA9
Bitl:control PA10
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11. Direct memory access (DMA)

11.1. Introduction

Direct memory access (DMA) is used to provide a high-speed data transfer between peripherals and
memory as well as from memory to memory. Data can be quickly moved by DMA without any CPU
actions. This keeps the CPU resources free for other operations. The DMA controller have 7 channels
in total, each one dedicated to manage memory access requests from one or more peripherals. Each

controller has an arbiter for handling the priority between DMA requests.

11.2. DMA main features

A Single AHB Master
A Supports peripheral-to-memory, memory-to-peripheral, memory-to-memory and peripheral-to-pe-

ripheral data transfers

p>3

On-chip memory devices, such as Flash, an SRAM, AHB and APB peripherals, as the source

and target

p>3

All DMA channels can be configured independently:

i Each channel is associated either with a DMA request signhal coming from a peripheral, or
with a software trigger in memory-to-memory transfers. This configuration is done by soft-
ware.

I The priority between requests is programmable by software (4 levels per channel:very high,
high, medium and low) and, in equal cases, by hardware (such as a request for channel 1
taking precedence over a request for channel 2).

I The transfer sizes of the source and destination are independent (byte, half word and word),
simulating packing and unpacking. The source and destination addresses must be aligned
by data size.

I Programmable transmission data number:0 to 65535

>

Each channel generates an interrupt request. Each interrupt request is caused from any of the

three DMA events:transfer complete, half transfer, or transfer error.
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11.3.

11.3.1.

11.3.2.

DMA functional description

CortexM0O+

Flash

RCC CRC
AHB
GPIE;

Bus

DM? matrix

ADC TaMm
SP1/SP2  TIM3
USART TIMG6

Bridge| APB > USART TIM7

12C1/12C2  TIM15
LCD T
4
| AHB Slave <
dma ack
< chn _req DMAMUX dma req

Figaf#leMA bl ock diagram
DMA processing

After completing an event, the peripheral sends a request signal to the DMA controller. The DMA
controller serves the request, depending on the priority of the channel associated to this peripheral
request. As soon as the DMA controller grants the peripheral, an acknowledge is sent to the peripheral
by the DMA controller. The peripheral releases its request as soon as it gets the acknowledge from
the DMA controller. Once the request is de-asserted by the peripheral, the DMA controller releases
the acknowledge. The peripheral may order a further single request and initiate another single DMA

transfer.

In summary, each DMA transfer consists of three operations:

A From the peripheral data register or from the current peripheral/memory address register, the
start address used for the first single transfer is the base address of the peripheral or memory,
and is programmed in the DMA_CPARXx or DMA_CMARX register.

A The data is stored to the peripheral register or the memory address indicated by the current pe-
ripheral/memory address register, and the start address used for the first single transfer is the
base address of the peripheral or memory, and is programmed in the DMA_CPARX or
DMA_CMARKX register.

A post-decrementing of the programmed DMA_CNDTRX register, which contains the remaining
number of data items to transfer.

Arbiter

The arbiter initiates access to the peripheral/memory according to the priority of the channel request.

The priorities are managed in two stages:

A Software:The priority of each channel can be set in the DMA_CCRX register, with 4 levels
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I Highest priority
[ High priority
[ Medium priority

[ Low priority

b3

Hardware:if two requests have the same software priority level, the channel with the lowest index

gets priority. For example, channel 2 gets priority over channel 4.

11.3.3. DMA channel

Each channel may handle a DMA transfer between a peripheral register located at a fixed address,
and a memory address. The amount of data items to transfer is programmable, up to 65,535 bytes.

The register that contains the amount of data items to transfer is decremented after each transfer.
Programmable data sizes

The transfer sizes of a single data to the peripheral and memory are programmable through, respec-
tively, the PSIZE and MSIZE fields of the DMA_CCRX register.

Pointer incrementation

The peripheral and memory pointers may be automatically incremented after each transfer, depending
on the PINC and MINC bits of the DMA_CCRX register.

If the incremented mode is enabled, the address of the next transfer is the address of the previous one
incremented by 1, 2 or 4. The first transfer address is the one programmed in the DMA_CPARX or
DMA_CMARX register. During transfers, these registers keep the initially programmed value. The cur-
rent transfer addresses (in the current internal peripheral /memory address register) are not accessible
by software.

If the channel x is configured in non-circular mode, no DMA request is served after the last data transfer.
The DMA channel must be disabled in order to reload a new number of data items into the DMA_CND-
TRX register.

In circular mode, after the last data transfer, the DMA_CNDTRX register is automatically reloaded with
the initially programmed value. The current internal address registers are reloaded with the base ad-
dress values from the DMA_CPARx and DMA_CMARX registers.

Channel configuration procedure

The following sequence is needed to configure a DMA channel x:

A Set the peripheral register address in the DMA_CPARX register. When a peripheral data transfer

request occurs, this address will be the source or destination of the data transfer.

A Set the memory address in the DMA_CMARX register. When a peripheral data transfer request
occurs, the transferred data will be read from or written to this address.

A Configure the total number of data to transfer in the DMA_CNDTRX register. After each data
transfer, this value is decremented.

A Configure the parameters listed below in the DMA_CCRX register:

i the channel priority

i the data transfer direction
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i the circular mode

i the peripheral and memory incremented mode
[ the peripheral and memory data size

i the interrupt enable

A Activate the channel by setting the EN bit in the DMA_CCRX register.

A channel, as soon as enabled, may serve any DMA request from the peripheral connected to this

channel.

When half of the data is transmitted, the half transfer interrupt flag (HTIF) is set to 1. When the half
transfer interrupt enable bit (HTIE) is set, an interrupt request will be generated. After the data trans-
mission is completed, the transfer complete interrupt flag (TCIF) is set to 1. When the transfer complete

interrupt enable (TCIE) is set, an interrupt request will be generated.
Channel state and disabling a channel

A channel x in active state is an enabled channel (read DMA_CCRXx.EN = 1). An active channel x is
a channel that must have been enabled by the software (DMA_CCRX.EN set to 1) and afterwards
with no occurred transfer error (DMA_ISR.TEIFx = 0). In case there is a transfer error, the channel is
automatically disabled by hardware (DMA_CCRXx.EN = 0).

The three following use cases may happen:

1. Suspend and resume a channel

This corresponds to the two following actions:

1) An active channel is disabled by software (writihg DMA_CCRXx.EN = 0).

2) The software enables the channel again (DMA_CCRXx.EN set to 1) without reconfiguring the
other channel registers (such as DMA_CNDTRx, DMA_CPARx and DMA_CMARX); Or a

transfer that was not completed while the software was disabled pended the bus.

This case is not supported by the DMA hardware, that does not guarantee that the remaining data
transfers are performed correctly.

2. Stop and abort a channel

If the application does not need any more the channel, this active channel can be disabled by
software. The channel is stopped and aborted but the DMA_CNDTRX register content may not
correctly reflect the remaining data transfers.

3. Abort and restart a channel

This corresponds to the software sequence:disable an active channel, then reconfigure the channel

and enable it again.

This is supported by the hardware if the following conditions are met:

1. The application guarantees that, when the software is disabling the channel, a DMA data transfer
is not occurring at the same time over its master port. For example, the application can first disable
the peripheral in DMA mode, in order to ensure that there is no pending hardware DMA request

from this peripheral.
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2. The software must operate separated write accesses to the same DMA_CCRX register:First dis-
able the channel. Second reconfigure the channel for a next block transfer including the
DMA_CCRXx if a configuration change is needed. Finally enable again the channel.

When a channel transfer error occurs, the EN bit of the DMA_CCRX register is cleared by hardware.

This EN bit cannot be set again by software to re-activate the channel x, until the TEIFx bit of the

DMA_ISR register is set.

DMA circular mode

The circular mode is available to handle circular buffers and continuous data flows (such as ADC scan

mode). This feature is enabled using the CIRC bit in the DMA_CCRX register. When the circular mode

is started and the number of data transmissions becomes 0, the initial value set when the channel is
configured will be automatically restored, and the DMA operation will continue.

Note:The circular mode must not be used in memory-to-memory mode. Before enabling a channel in

circular mode (CIRC = 1), the software must clear the MEM2MEM bit of the DMA_CCRXx register.

When circular mode is activated, the amount of data to be transferred will be automatically reloaded

during the channel configuration phase using the programmed initial values, and DMA requests will

continue to be responded to.

In order to stop a circular transfer, the software needs to stop the peripheral from generating DMA

requests (such as quit the ADC scan mode), before disabling the DMA channel.

The software must explicitly program the DMA_CNDTRXx value before starting/enabling atransfer, and

after having stopped a circular transfer.
Memory-to-memory mode

The DMA channels may operate without being triggered by a request from a peripheral. This mode is

called memory-to-memory mode.

If the MEM2MEM bit in the DMA_CCRX register is set and the channel is enabled by the EN bit in
the DMA_CCRX register, transfer initiates. The transfer stops once the DMA_CNDTRX register

reaches zero.
The memory-to-memory mode must not be used in circular mode.
Peripheral-to-peripheral mode

Any DMA channel can operate in peripheral-to-peripheral mode:

A when the hardware request from a peripheral is selected to trigger the DMA channel

This peripheral is the DMA initiator and paces the data transfer from/to this peripheral to/from a register
belonging to another memory-mapped peripheral (this one being not configured in DMA mode).

A When no peripheral request is selected and connected to the DMA channel

The software configures a register-to-register transfer by setting the MEM2MEM bit of the
DMA_CCRXx register.
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Programming transfer direction, assigning source/destination

The value of the DIR bit of the DMA_CCRX register sets the direction of the transfer, and consequently,
it identifies the source and the destination, regardless the source/destination type (peripheral or
memory):

A DIR =1 defines typically a memory-to-peripheral transfer. More generally, if DIR = 1:

A The source attributes are defined by the DMA_MARX register, the MSIZE [1:0] field and MINC

bit of the DMA_CCRX register.

Regardless of their usual naming, these memory register, field and bit are used to define the source

peripheral in peripheral-to-peripheral mode.

A The destination attributes are defined by the DMA_PARX register, the PSIZE [1:0] field and
PINC bit of the DMA_CCRKX register.

Regardless of their usual naming, these peripheral register, field and bit are used to define the desti-
nation memory in memory-to-memory mode.

A DIR = 0 typically defines a peripheral-to-memory transfer. More generally, if DIR = 0:

A The source attributes are defined by the DMA_PARX register, the PSIZE [1:0] field and PINC bit
of the DMA_CCRX register. Regardless of their usual naming, these peripheral register, field
and bit are used to define the source memory in memory-to-memory mode.

The destination attributes are defined by the DMA_MARX register, the MSIZE [1:0] field and
MINC bit of the DMA_CCRX register.

>

Regardless of their usual naming, these memory register, field and bit are used to define the destina-

tion peripheral in peripheral-to-peripheral mode.

11.3.4. DMA data width, alignment and endianness
When PSIZE and MSIZE are not equal, the DMA controller performs some data alignments as de-
scribed in the table below.
Tabl¥dData width and endian (PI NC = Ml
Desti- | Transmis-
Source Source: Destination:
nation sion DMA transfers
Width address/data address/data
width Number
0x0/BO 1:Read BO [7:0] at 0x0, write BO [7:0] at Ox0 0x0/BO
0x1/B1 2:Read B1 [7:0] at Ox1, write B1 [7:0] at Ox1 0x1/B1
; ° ‘ 0x2/B2 3:Read B2 [7:0] at Ox2, write B2 [7:0] at Ox2 0x2/B2
0x3/B3 4:Read B3 [7:0] at 0x3, write B3 [7:0] at 0x3 0x3/B3
0x0/BO 1:Read BO [7:0] at 0x0, write 00BO [7:0] at 0x0 0x0/00BO
0x1/B1 2:Read B1 [7:0] at 0x1, write 00B1 [7:0] at Ox2 0x2/00B1
° 1 ‘ 0x2/B2 3:Read B2 [7:0] at 0x2, write 00B2 [7:0] at 0x4 0x4/00B2
0x3/B3 4:Read B3 [7:0] at 0x3, write 00B3 [7:0] at 0x6 0x6/00B3
0x0/B0 1:Read BO [7:0] at Ox0, write 000000B0 [31:0] at 0x0 0x0/000000B0
° % ‘ 0x1/B1 2:Read B1 [7:0] at 0x1, write 000000B1 [31:0] at 0x4 0x4/000000B1
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0x2/B2 3:Read B2 [7:0] at 0x2, write 000000B2 [31:0] at 0x8 0x8/000000B2
0x3/B3 4:Read B3 [7:0] at 0x3, write 000000B3 [31:0] at OxC 0xC/000000B3
0x0/B1B0O 1:Read B1BO0 [15:0] at 0x0, write BO [7:0] at 0x0 0x0/B0
0x2/B3B2 2:Read B3B2 [15:0] at 0x2, write B2 [7:0] at Ox1 0x1/B2
16 8
0x4/B5B4 3:Read B5B4 [15:0] at 0x4, write B4 [7:0] at 0x2 0x2/B4
0x6/B7B6 4:Read B7B6 [15:0] at Ox6, write B6 [7:0] at 0x3 0x3/B6
0x0/B1BO 1:Read B1BO [15:0] at 0x0, write B1BO [15:0] at 0x0 0x0/B1B0O
0x2/B3B2 2:Read B3B2 [15:0] at 0x2, write B3B2 [15:0] at 0x2 0x2/B3B2
16 16
0x4/B5B4 3:Read B5B4 [15:0] at Ox4, write B5B4 [15:0] at 0x4 0x4/B5B4
0x6/B7B6 4:Read B7B6 [15:0] at 0x6, write B7B6 [15:0] at Ox6 0x6/B7B6
0x0/B1B0O 1:Read B1BO [7:0] at 0x0, write 0000B1B0 [31:0] at 0x0 0x0/0000B1B0
0x2/B3B2 2:Read B3B2 [7:0] at 0x2, write 0000B3B2 [31:0] at 0x4 0x4/000B3B2
16 32
0x4/B5B4 3:Read B5B4 [7:0] at 0x4, write 0000B5B4 [31:0] at 0x8 0x8/0000B5B4
0x6/B7B6 4:Read B7B6 [7:0] at Ox6, write 0000B7B6 [31:0] at OxC | 0xC/0000B7B6
0x0/B3B2B1B0 1:Read B3B2B1BO0 [31:0] at 0x0, write BO [7:0] at 0x0 0x0/B0
0x4/B7B6B5B4 2:Read B7B6B5B4 [31:0] at 0x4, write B4 [7:0] at Ox1 0x1/B4
32 8
0x8/BBBAB9B8 3:Read BBBAB9BS [31:0] at 0x8, write B8 [7:0] at 0x2 0x2/B8
0xC/BFBEBDBC | 4:Read BFBEBDBC [31:0] at Oxc, write BC [7:0] at 0x3 0x3/BC
0x0/B3B2B1B0 1:Read B3B2B1B0 [31:0] at Ox0, write B1BO [7:0] at 0Ox0 | 0x0/B1BO
0x4/B7B6B5B4 2:Read B7B6B5B4 [31:0] at 0x4, write B5B4 [7:0] at 0x2 | 0x2/B5B4
32 16 0x8/BBBAB9BS8 3:Read BBBAB9BS [31:0] at 0x8, write BO9B8 [7:0] at Ox4 | Ox4/B9B8
4:Read BFBEBDBC at Oxc [31:0], write BDBC at 0x6
0xC/BFBEBDBC 0x6/BDBC
[7:0]
1:Read B3B2B1BO0 [31:0] at 0x0, write B3B2B1BO0 [7:0]
0x0/B3B2B1BO 0x0/B3B2B1BO
at 0x0
2:Read B7B6B5B4 [31:0] at 0x4, write B7B6B5B4 [7:0]
0x4/B7B6B5B4 0x4/B7B6B5B4
at 0x2
32 32
3:Read BBBAB9BS [31:0] at 0x8, write BBBAB9BS [7:0]
0x8/BBBAB9B8 0x8/BBBAB9B8
at 0x4
4:Read BFBEBDBC [31:0] at Oxc, write BFBEBDBC
0xC/BFBEBDBC 0xC/BFBEBDBC
[7:0] at Ox6

Addressing AHB peripherals not supporting byte/half-word write transfers

When the AHB peripheral does not support byte or half-word write transfers and does not generate

any error, the DMA controller writes the 32 HWDATA bits as shown in the two examples below:
A To write the half-word 0OXABCD, the DMA controller sets the HWDATA bus to OXABCDABCD
with a half-word data size (HSIZE = Half-word).

>

data size (HSIZE = Byte).

To write the byte 0xAB, the DMA controller sets the HWDATA bus to OXABABABAB with a byte
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Assuming the AHB/APB bridge is an AHB 32-bit slave peripheral that does not take into account the

HSIZE data, any AHB byte or half-word transfer is changed into a 32-bit APB transfer as described

below:

A An AHB byte write transfer of 0xBO to one of the 0x0, 0x1, 0x2 or 0x3 addresses, is converted to
an APB word write transfer of 0xBOBOBOBO to the 0x0 address.

b3

An AHB half-word write transfer of 0xB1BO to the 0x0 or 0x2 addresses, is converted to an APB

word write transfer of 0xB1BOB1BO to the 0x0 address.

11.3.5. DMA error management
A DMA transfer error is generated when reading from or writing to a reserved address space. When a
DMA transfer error occurs during a DMA read or write access, the faulty channel x is automatically
disabled through a hardware clear of its EN bit in the corresponding DMA_CCRX register. The TEIF
bit of the DMA_ISR register is set. An interrupt is then generated if the TEIE bit of the DMA_CCRXx
register is set.
The EN bit of the DMA_CCRX register cannot be set again by software (channel x reactivated) until
the TEIFx bit of the DMA_ISR register is cleared (by setting the Citify bit of the DMA_IFCR register).
11.3.6. DMA interrupts
An interrupt can be generated on a half transfer, transfer complete or transfer error for each DMA
channel x. Separate interrupt enable bits are available for flexibility.
Tabl®DMA interrupt request
Interrupt event Event flag Enable control bit
Half transfer Hotfix HTIEX
Transfer complete TCIFx TCIEX
Transfer error TEIFX TEIEX
Half transfer/Transfer complete/Transfer error GIFx -

Notes:

1. When the DMA_CNDTRX register is 1, the HTIFx bit will not be set, and the TCIFx bit will be set
when the transmission is completed.

2. When the transmission length NDT is odd (greater than 1), both HTIF and TCIF flags are generated.
The internal signal TCIF will be generated when NDT = 1; The HTIF is generated at (NDT-(NDT/2
(rounded)-1)). For example, when NDT = 5, TCIF is generated when NDT is reduced to 1; HTIF is
generated when NDT is reduced to 4.

3. When the transmission length NDT is even (greater than 1), both HTIF and TCIF flags are generated.
The internal signal TCIF will be generated when NDT = 1; The HTIF is generated at (NDT-(NDT/2
(rounded)-1)). For example, when NDT = 10, TCIF is generated when NDT is reduced to 1; HTIF is

generated when NDT is reduced to 6.
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11.3.7. DMAMUX mapping

DMA peripheral requests are mapped to each channel of DMA, which is controlled by the
DMAX_MAP register bits of two SYSCFG registers (SYSCFG_CFGR3 and SYSCFGR_CFGRA4).
Each peripheral request can be mapped to any of the 7 channels through configuration.

Tabl®BDMA requests per channel

DMA DMA request MUX DMA request
Source Source Source
request MUX input input MUX input
0 ADC1 17 12C2_RD 34 TIM3_CH3
1 - 18 2C2_WR 35 TIM3_CH4
2 - 19 TIM1_CH1 36 TIM3_UP
3 SPI1_RD 20 TIM1_CH2 37 TIM3_TRG
4 SPI1_WR 21 TIM1_CH3 38 TIM6_UP
5 SPI2_RD 22 TIM1_CH4 39 TIM7_UP
6 SPI2_WR 23 TIM1_COM 40 TIM15_CH1
7 USART1_RD 24 TIM1_TRG 41 TIM15_CH2
8 USART1_WR 25 TIM1_UP 42 TIM15_UP
9 USART2_RD 26 TIM2_CH1 43 TIM15_TRG
10 USART2_WR 27 TIM2_CH2 44 TIM15_COM
11 USART3_RD 28 TIM2_CH3 45 TIM16_CH1
12 USART3_WR 29 TIM2_CH4 46 TIM16_UP
13 USART4_RD 30 TIM2_UP 47 TIM17_CH1
14 USART4_WR 31 TIM2_TRG 48 TIM17_UP
15 12C1_RD 32 TIM3_CH1 49 -
16 12C1_WR 33 TIM3_CH2 50 -

11.4. DMA registers

11.4.1. DMA interrupt status register (DMA_ISR)

Address offset:0x00
Reset value:0x0000 0000

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

Res Res Res Res | TEIF7 | HTIF7 | TCIF7 | GIF7 | TEIF6 | HTIF6 | TCIF6 | GIF6 | TEIFS | HTIF5 | TCIF5 | GIF5

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

TEIF4 | HTIF4 | TCIF4 | GIF4 | TEIF3 | HTIF3 | TCIF3 | GIF3 | TEIF2 | HTIF2 | TCIF2 | GIF2 | TEIF1 | HTIF1 | TCIF1 | GIF1
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Bit

Name

R/W

Reset Value

Function

31:28

Reserved

Reserved

27

TEIF7

Transfer error (TE) flag for channel 7

The hardware is set, and the software writes DMA_IFCR = 1 to clear.

0:no TE event

1:a TE event occurred

26

HTIF7

Half transfer (HT) flag for channel 7

The hardware is set, and the software writes DMA_IFCR = 1 to clear.

0:no HT event

1:a HT event occurred

25

TCIF7

Transfer complete (TC) flag for channel 7
0:no TC event

1:a TC event occurred

24

GIF7

Global interrupt flag for channel 7

The hardware is set, and the software writes DMA_IFCR = 1 to clear.

0:No TE/HT/TC event
1:a TE/HT/TC event occurred

23

TEIF6

Transfer error (TE) flag for channel 6

The hardware is set, and the software writes DMA_IFCR = 1 to clear.

0:no TE event

1:a TE event occurred

22

HTIF6

Half transfer (HT) flag for channel 6

The hardware is set, and the software writes DMA_IFCR = 1 to clear.

0:no HT event

1:a HT event occurred

21

TCIF6

Transfer complete (TC) flag for channel 6
0:no TC event

1:a TC event occurred

20

GIF6

Global interrupt flag for channel 6

The hardware is set, and the software writes DMA_IFCR = 1 to clear.

0:No TE/HT/TC event
1:a TE/HT/TC event occurred

19

TEIF5

Transfer error (TE) flag for channel 5

The hardware is set, and the software writes DMA_IFCR = 1 to clear.

0:no TE event

1:a TE event occurred

18

HTIF5

Half transfer (HT) flag for channel 5

The hardware is set, and the software writes DMA_IFCR = 1 to clear.

0:no HT event

1:a HT event occurred
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Bit

Name

R/W

Reset Value

Function

17

TCIF5

Transfer complete (TC) flag for channel 5
0:no TC event

1:a TC event occurred

16

GIFS5

Global interrupt flag for channel 5

The hardware is set, and the software writes DMA_IFCR = 1 to clear.

0:No TE/HT/TC event
1:a TE/HT/TC event occurred

15

TEIF4

Transfer error (TE) flag for channel 4

The hardware is set, and the software writes DMA_IFCR = 1 to clear.

0:no TE event

1:a TE event occurred

14

HTIF4

Half transfer (HT) flag for channel 4

The hardware is set, and the software writes DMA_IFCR = 1 to clear.

0:no HT event

1:a HT event occurred

13

TCIF4

Transfer complete (TC) flag for channel 4
0:no TC event

1:a TC event occurred

12

GIF4

Global interrupt flag for channel 4

The hardware is set, and the software writes DMA_IFCR = 1 to clear.

0:No TE/HT/TC event
1:a TE/HT/TC event occurred

11

TEIF3

Transfer error (TE) flag for channel 3

The hardware is set, and the software writes DMA_IFCR = 1 to clear.

0:no TE event

1:a TE event occurred

10

HTIF3

Half transfer (HT) flag for channel 3

The hardware is set, and the software writes DMA_IFCR = 1 to clear.

0:no HT event

1:a HT event occurred

TCIF3

Transfer complete (TC) flag for channel 3
0:no TC event

1:a TC event occurred

GIF3

Global interrupt flag for channel 3

The hardware is set, and the software writes DMA_IFCR = 1 to clear.

0:No TE/HT/TC event

1:a TE/HT/TC event occurred

TEIF2

Transfer error (TE) flag for channel 2

The hardware is set, and the software writes DMA_IFCR = 1 to clear.
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Bit

Name

R/W

Reset Value

Function

0:no TE event

1:a TE event occurred

HTIF2

Half transfer (HT) flag for channel 2

0:no HT event

1:a HT event occurred

The hardware is set, and the software writes DMA_IFCR = 1 to clear.

TCIF2

Transfer complete (TC) flag for channel 2

0:no TC event

1:a TC event occurred

The hardware is set, and the software writes DMA_IFCR = 1 to clear.

GIF2

Global interrupt flag for channel 2

0:No TE/HT/TC event
1:a TE/HT/TC event occurred

The hardware is set, and the software writes DMA_IFCR = 1 to clear.

TEIF1

Transfer error (TE) flag for channel 1

0:no TE event

1:a TE event occurred

The hardware is set, and the software writes DMA_IFCR = 1 to clear.

HTIF1

Half transfer (HT) flag for channel 1

0:no HT event

1:a HT event occurred

The hardware is set, and the software writes DMA_IFCR = 1 to clear.

TCIF1

Transfer complete (TC) flag for channel 1

0:no TC event

1:a TC event occurred

The hardware is set, and the software writes DMA_IFCR = 1 to clear.

GIF1

Global interrupt flag for channel 1

0:No TE/HT/TC event

1:a TE/HT/TC event occurred

The hardware is set, and the software writes DMA_IFCR = 1 to clear.

11.4.2. DMA interrupt flag clear register (DMA_IFCR)

Address offset:0x04

Reset value:0x0000 0000

31

30

29

28

27

26

25 24 23 22 21 20 g

18

17 16

Res

Res

Res

Res

CTEIF7

CHTIF7

CTCIF7 CGIF7 CTEIF6 CHTIF6 CTCIF6 CGIF6 CTEIF5

CHTIF5

CTCIF5 CGIF5

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

CTEIF4

CHTIF4

CTCIF4

CGIF4

CTEIF3

CHTIF3

CTCIF3 CGIF3 CTEIF2 CHTIF2 CTCIF2 CGIF2 CTEIF1

CHTIF1

CTCIF1 CGIF1
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Bit

Name

R/W

Reset Value

Function

31:28

Reserved

Reserved

27

CTEIF7

Transfer error flag clear for channel 7
0:No effect
1:Clear TEIF7

26

CHTIF7

Half transfer flag clear for channel 7
0:No effect
1:Clear HTIF7

25

CTCIF7

Transfer complete flag clear for channel 7
0:No effect
1:Clear TCIF7

24

CGIF7

Global interrupt flag clear for channel 7
0:No effect
1:GIF/TEIF/HTIF/TCIF of channel 7 is cleared

23

CTEIF6

Transfer error flag clear for channel 6
0:No effect
1:Clear TEIF6

22

CHTIF6

Half transfer flag clear for channel 6
0:No effect
1:Clear HTIF6

21

CTCIF6

Transfer complete flag clear for channel 6
0:No effect
1:Clear TCIF6

20

CGIF6

Global interrupt flag clear for channel 6
0:No effect
1:GIF/TEIF/HTIF/TCIF of channel 6 is cleared

19

CTEIF5

Transfer error flag clear for channel 5
0:No effect
1:Clear TEIF5

18

CHTIFS

Half transfer flag clear for channel 5
0:No effect
1:Clear HTIF5

17

CTCIF5

Transfer complete flag clear for channel 5
0:No effect
1:Clear TCIF5

16

CGIF5

Global interrupt flag clear for channel 5
0:No effect
1:GIF/TEIF/HTIF/TCIF of channel 5 is cleared
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Bit

Name

R/W

Reset Value

Function

15

CTEIF4

Transfer error flag clear for channel 4
0:No effect
1:Clear TEIF4

14

CHTIF4

Half transfer flag clear for channel 4
0:No effect
1:Clear HTIF4

13

CTCIF4

Transfer complete flag clear for channel 4
0:No effect;
1:Clear TCIF4;

12

CGIF4

Global interrupt flag clear for channel 4
0:No effect
1.GIF/TEIF/HTIF/TCIF of channel 4 is cleared

11

CTEIF3

Transfer error flag clear for channel 3
0:No effect
1:Clear TEIF3

10

CHTIF3

Half transfer flag clear for channel 3
0:No effect
1:Clear HTIF3

CTCIF3

Transfer complete flag clear for channel 3
0:No effect
1:Clear TCIF3

CGIF3

Global interrupt flag clear for channel 3
0:No effect
1:GIF/TEIF/HTIF/TCIF of channel 3 is cleared

CTEIF2

Transfer error flag clear for channel 2
0:No effect
1:Clear TEIF2

CHTIF2

Half transfer flag clear for channel 2
0:No effect
1:HTIF2 cleared

CTCIF2

Transfer complete flag clear for channel 2
0:No effect

1:TCIF2 cleared

CGIF2

Global interrupt flag clear for channel 2
0:No effect
1:GIF/TEIF/HTIF/TCIF of channel 2 is cleared

CTEIF1

Transfer error flag clear for channel 1
0:No effect
1:Clear TEIF1
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Bit Name R/W Reset Value Function
Half transfer flag clear for channel 1
2 CHTIF1 w 0:No effect
1:Clear HTIF1
Transfer complete flag clear for channel 1
1 CTCIF1 w 0:No effect
1:Clear TCIF1
Global interrupt flag clear for channel 1
0 CGIF1 w 0:No effect
1:GIF/TEIF/HTIF/TCIF of channel 1 is cleared

11.4.3. DMA channel 1 configuration register (DMA_CCR1)

Address offset:0x08
Reset value:0x0000 0000

31 30 29 28

27 26

25

24

23

22 21 20 19 18 17

16

15 14 13 12

11 10

9

8

MEM2MEM PL [1:0]

MSIZE [1:0]

PSIZE [1:0]

MINC

PINC CIRC DIR TEIE HTIE TCIE

EN

RW RW RW

RW RW

RW

RW

RW

RW RW RW RW RW RW

RW

Bit Name

R/W

Reset Value

Function

31:15 Reserved

Reserved

14 MEM2MEM

RW

Channel 1 memory to memory mode.
0:Disabled

1:Memory-to-memory mode enabled

13:12 PL [1:0]

RW

Channel 1 priority configuration.
00:low

01:Medium

10:high

11:very high

11:10 MSIZE [1:0]

RW

Channel 1 memory data width.
00:8-hit

01:16-bit

10:32-bit

11:Reserved

9:8 PSIZE [1:0]

RwW

Channel 1 peripheral data width.
00:8-hit

01:16-bit

10:32-bit
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Bit

Name

R/W

Reset Value

Function

11:Reserved

MINC

RW

Channel 1 memory increment mode.
0:Disabled
1:Enabled

PINC

RW

Channel 1 peripheral increment mode.
0:Disabled
1:Enabled

CIRC

RW

Channel 1 circular mode.
0:Disabled

1:Circular mode enabled

DIR

RW

Channel 1 data transfer direction.
0:read from peripheral

1:read from memory

TEIE

RW

Channel 1 transfer error interrupt (TE) enable
0:Disabled
1:TE interrupt enabled

HTIE

RW

Channel 1 half transfer interrupt (HT) enable
0:Disabled
1:HT interrupt enabled

TCIE

RW

Channel 1 transfer complete interrupt (TC) enable
0:Disabled
1:TC interrupt enabled

EN

RW

Channel 1 enable
O:Disabled
1:Channel 1 enabled

11.4.4. DMA channel 1 number of data to transfer register (DMA_CNDTR1)

Address offset:0x0C

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NDT [15:0]
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Bit Name R/W Reset Value Function
31:16 Reserved - - Reserved
15:0 NDT [15:0] RW 0 Channel 1 number of data to transfer
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The number of data transfer is 0 to 65535. This register is
written only when the channel is not working
(DMA_CCRL1.EN = 0). This register is read-only when the
channel is enabled, indicating the number of bytes remaining
to be transferred. This register value is decremented after
each DMA transfer.

After the data transfer is completed, the contents of the reg-
ister either become 0, or when the channel is configured in
circular mode, the contents of the register will be automati-
cally reloaded to the previously configured value.

If this field is zero, no transfer can be served whatever the

channel status.

11.4.5. DMA channel 1 peripheral address register (DMA_CPAR1)

Address offset:0x10

Reset value:0x0000 0000

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

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

RW | RW | RW | RW | RW | RW RW RW | RW | RW | RW | RW | RW RW RW RW

Bit Name R/W Reset Value Function
Channel 1 peripheral address
The base address of the channel 1 peripheral data reg-
ister as the source or destination of data transmission.
31:.0 PA [31:0] RW When PSIZE = 2 'b01, the PA [0] bit is ignored. Access
is automatically aligned to a half-word address.
When PSIZE = 2 'b10, the PA [1:0] bit is ignored. Ac-
cess is automatically aligned with the word address.

11.4.6. DMA channel 1 memory address register (DMA_CMAR1)

Address offset:0x14

Reset value:0x0000 0000

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

RW | RW | RW | RW | RW | RW | RwW RW | RW | RW | RW | RW | RW RW RW RW

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

RW

RW RW

RW

RW RW

RW

RW

RW RW RW RW RW

RW

Bit

Name

R/W

Reset Value

Function

31.0

MA [31:0]

RW

Channel 1 memory address.

Channel 1 memory address, as the source or destina-

tion of

When MSIZE = 2 'b01, the MA [0] bit is ignored. Access

data transfer.

is automatically aligned to a half-word address.

When MSIZE = 2 'b10, the MA [1:0] bit is ignored. Ac-

cess is automatically aligned with the word address.

11.4.7. DMA channel 2 configuration register (DMA_CCR?2)

Address offset:0x1C
Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res
15 14 13 12 11 10 9 8 7 6 5 4 & 2 1 0
MEM2M
Res EM PL [1:0] MSIZE [1:0] PSIZE [1:0] MINC | PINC | CIRC | DIR | TEIE | HTIE | TCIE EN
- RwW RW RwW RwW RW RW RW RW RW RW RW RW RW RwW RW
Bit Name R/W Reset Value Function
31:15 Reserved - - Reserved
Channel 2 memory to memory mode.
14 MEM2MEM RW 0 0:Disabled
1:Memory-to-memory mode enabled
Channel 2 priority configuration.
00:low
13:12 PL [1:0] RW 0 01:Medium
10:high
11:very high
Channel 2 memory data width.
00:8-hit
11:10 MSIZE [1:0] RW 0 01:16-bit
10:32-bit
11:Reserved
Channel 2 peripheral data width.
9:8 PSIZE [1:0] RW 0 00:8-hit
01:16-bit
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Bit

Name

R/W

Reset Value

Function

10:32-bit

11:Reserved

MINC

RW

Channel 2 memory increment mode.
0:Disabled
1:Enabled

PINC

RW

Channel 2 peripheral increment mode.
0:Disabled
1:Enabled

CIRC

RW

Channel 2 circular mode.
0:Disabled

1:Circular mode enabled

DIR

RW

Channel 2 data transfer direction.
0:read from peripheral

l:read from memory

TEIE

RW

Channel 2 transfer error interrupt (TE) enable
0:Disabled
1:TE interrupt enabled

HTIE

RW

Channel 2 half transfer interrupt (HT) enable
0:Disabled
1:HT interrupt enabled

TCIE

RW

Channel 2 transfer complete interrupt (TC) enable
0:Disabled
1:TC interrupt enabled

EN

RW

Channel 2 enable
O:Disabled
1:Channel 1 enabled

11.4.8. DMA channel 2 number of data to transfer register (DMA_CNDTR2)

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
5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NDT [15:0]
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RwW
Bi t Na me R/ W Reset V Function
3116 Reser v - - Reserved
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Bit Name R/ W Reset V Functi on
Channel 2 number of data to
The number of data transmis
istemliyswritten when the ch
(DMA_CCR2. EN = 0) . -oTnhliys whesg
channel is enabled, indicat
ing to be transferred. This

1% NDT p1l RW 0 ter each DMA transfer.
After thenddtea is completed
register either become 0, o
in circular mode, the conte
matically reloaded to the p
I f this field i bPezesreos,vemno wth
channel status.

11.4.9. DMA channel 2 peripheral address register (DMA_CPAR2)

Address offset:0x24
Reset value:0x0000 0000

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

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

RW | RW | RW | RW | RW | RW RW RW | RW | RW | RW | RW | RW RW RW RW

Bit Name R/W Reset Value Function
Channel 2 peripheral address
It contains the base address of the peripheral data regis-
ter from/to which the data will be read/written.

31.0 PA[31:0] RW 0 When PSIZE = 2 'b01, the PA [0] bit is ignored. Access is
automatically aligned to a half-word address.
When PSIZE = 2 'b10, the PA [1:0] bit is ignored. Access
is automatically aligned with the word address.

11.4.10. DMA channel 2 memory address register (DMA_CMAR?2)

Address offset:0x28
Reset value:0x0000 0000

31 | 30 | 29 | 28 27 | 26 25 24 23 | 22 | 21 | 20 19 18 17 16
MA [31:16]
RW | RW | RW | RW | RW | RW | RW RW | RW | RW | RW | RW | RwW RW RW RW
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MA [15:0]
RW | RW | RW | RW | RW | RW RW RW | RW | RW | RW | RW | RW RW RW RW
Bit Name R/W Reset Value Function
Channel 2 memory address.
It contains the base address of the memory from/to which
the data will be read/written.
31.0 MA [31:0] RW 0 When MSIZE = 2 'b01, the MA [0] bit is ignored. Access is
automatically aligned to a half-word address.
When MSIZE = 2 'b10, the MA [1:0] bit is ignored. Access
is automatically aligned with the word address.
11.4.11. DMA channel 3 configuration register (DMA_CCR3)

Address offset:0x30
Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res
15 14 13 12 11 10 9 8 7 6 5 4 & 2 1 0
MEM2ME
Res " PL [1:0] MSIZE [1:0] PSIZE[1:0] | MINC | PINC | CIRC | DIR | TEIE | HTIE | TCIE EN
- RW RW | RW | RW RW RW RW RW RW RW RW RW RW RW RwW
Bit Name R/W Reset Value Function
31:15 Reserved - - Reserved
Channel 3 memory to memory mode.
14 MEM2MEM RW 0 0:Disabled
1:Memory-to-memory mode enabled
Channel 3 priority configuration.
00:low
13:12 PL [1:0] RW 0 01:Medium
10:high
11:very high
Channel 3 memory data width.
00:8-bit
11:10 MSIZE [1:0] RW 0 01:16-bit
10:32-bit
11:Reserved
9:8 PSIZE [1:0] RW 0 Channel 3 peripheral data width.
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Bit

Name

R/W

Reset Value

Function

00:8-bit
01:16-bit
10:32-bit

11:Reserved

MINC

RW

Channel 3 memory increment mode.
0:Disabled
1:Enabled

PINC

RW

Channel 3 peripheral increment mode.
0:Disabled
1:Enabled

CIRC

RW

Channel 3 circular mode.
0:Disabled

1:Circular mode enabled

DIR

RW

Channel 3 data transfer direction.
0:read from peripheral

l:read from memory

TEIE

RW

Channel 3 transfer error interrupt (TE) enable
0:Disabled
1:TE interrupt enabled

HTIE

RW

Channel 3 half transfer interrupt (HT) enable
0:Disabled
1:HT interrupt enabled

TCIE

RW

Channel 3 transfer complete interrupt (TC) enable
0:Disabled
1:TC interrupt enabled

EN

RW

Channel 3 enable
0:Disabled
1:Channel 1 enabled

11.4.12.

DMA channel 3 number of data to transfer register (DMA_CNDTR3)

Address offset:0x34
Reset value:0x0000 0000

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

RW RW RW RW RW RW RW RwW RW RW RW RW RW RW RW RW
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Bit

Name

R/W

Reset Value

Function

31:16

Reserved

Reserved

15:0

NDT [15:0]

RW

Channel 3 number of data to transfer

The number of data transmissions is 0 to 65535. This regis-
ter is only written when the channel is not working
(DMA_CCRS3. EN = 0). This register is read-only when the
channel is enabled, indicating the number of bytes remain-
ing to be transferred. This register value is decremented af-
ter each DMA transfer.

After the data transfer is completed, the contents of the reg-
ister either become 0, or when the channel is configured in
circular mode, the contents of the register will be automati-
cally reloaded to the previously configured value.

If this field is zero, no transfer can be served whatever the

channel status.

11.4.13.

DMA channel 3 peripheral address register (DMA_CPAR3)

Address offset:0x38
Reset value:0x0000 0000

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

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

RW | RW | RW | RW | RW | RW RW RW | RW | RW | RW | RW | RW RW RW RW

Bit Name R/W Reset Value Function
Channel 3 peripheral address.
It contains the base address of the peripheral data regis-
ter from/to which the data will be read/written.

31:.0 PA [31:0] RW 0 When PSIZE = 2 'b01, the PA [0] bit is ignored. Access is
automatically aligned to a half-word address.
When PSIZE = 2 'b10, the PA [1:0] bit is ignored. Access
is automatically aligned with the word address.

11.4.14. DMA channel 3 memory address register (DMA_CMAR3)

Address offset:0x3C
Reset value:0x0000 0000

31 30

29 28

27

26

25 24

23 22 21 20 19 18 17 16
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MA [31:16]
RwW RW RwW RwW RwW RW RW RW RW RW RW RW RW RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 & 2 1 0
MA [15:0]
RwW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Bit Name R/W Reset Value Function
Channel 3 memory address.
It contains the base address of the memory from/to
which the data will be read/written.
31:.0 MA [31:0] RW 0 When MSIZE = 2 'b01, the MA [0] bit is ignored.
Access is automatically aligned to a half-word address.
When MSIZE = 2 'b10, the MA [1:0] bit is ignored.
Access is automatically aligned with the word address.
11.4.15. DMA channel 4 configuration register (DMA_CCR4)

Address offset:0x44
Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res
15 14 13 12 11 10 9 8 7 6 5 4 & 2 1 0
MEM2ME
Res " PL [1:0] MSIZE [1:0] PSIZE[1:0] | MINC | PINC | CIRC | DIR | TEIE | HTIE | TCIE EN
- RW RW | RW | RW RW RW RW RW RW RW RW RW RW RW RwW
Bit Name R/W Reset Value Function
31:15 Reserved - - Reserved
Channel memory-to-memory mode.
14 MEM2MEM RW 0 0:Disabled
1:Memory-to-memory mode enabled
Channel priority configuration.
00:low
13:12 PL [1:0] RW 0 01:medium
10:high
11:very high
Channel memory data width.
00:8-bit
11:10 MSIZE [1:0] RW 0
01:16-hit
10:32-bit
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Bit

Name

R/W

Reset Value

Function

11:Reserved

9:8

PSIZE [1:0]

RW

Channel peripheral data width.
00:8-bit

01:16-bit

10:32-hit

11:Reserved

MINC

RW

Channel memory increment mode.
0:Disabled
1:Enabled

PINC

RW

Channel peripheral increment mode.
0:Disabled
1:Enabled

CIRC

RW

Channel circular mode.
0:Disabled

1:Circular mode enabled

DIR

RW

Channel data transfer direction.
0:read from peripheral

1:read from memory

TEIE

RW

Channel transfer error interrupt (TE) enable
0:Disabled
1:TE interrupt enabled

HTIE

RW

Channel half transfer interrupt (HT) enable
0:Disabled

1:HT interrupt enabled

TCIE

RW

Channel transfer complete interrupt (TC) enable
0:Disabled
1:TC interrupt enabled

EN

RW

Channel enable

0:Disabled

1:Channel enable

11.4.16.

DMA channel 4 number of data to transfer register (DMA_CNDTRA4)

Address offset:0x48
Reset value:0x0000 0000

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

RW RW

RW

RW

RW RW

RW

RW

RW RW RW RW RW RW RW

Bit

Name

R/W Reset Value

Function

31:16

Reserved

Reserved

15:0

NDT [15:0]

RW

Channel number of data to transfer

The number of data transmissions is 0 to 65535. This
register is only written when the channel is not work-
ing (DMA_CCR4. EN = 0). This register is read-only
when the channel is enabled, indicating the number of
bytes remaining to be transferred. This register value
is decremented after each DMA transfer.

After the data transfer is completed, the contents of
the register either become 0, or when the channel is
configured in circular mode, the contents of the regis-
ter will be automatically reloaded to the previously
configured value.

If this field is zero, no transfer can be served whatever

the channel status.

11.4.17.

Address offset:0x4C
Reset value:0x0000 0000

DMA channel 4 peripheral address register (DMA_CPAR4)

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

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RwW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PA [15:0]

RW RW RW RW RwW RW RW RW RW RW RW RW RW RW RwW RW

Bit Name R/W Reset Value Function
Channel peripheral address.
It contains the base address of the peripheral data register from/to
which the data will be read/written.

31:0 PA [31:0] RW 0 When PSIZE = 2 'b01, the PA [0] bit is ignored. Access is automati-
cally aligned to a half-word address.
When PSIZE = 2 'b10, the PA [1:0] bit is ignored. Access is auto-
matically aligned with the word address.

11.4.18. DMA channel 4 memory address register (DMA_CMAR4)

Address offset:0x50
Reset value:0x0000 0000

144/630



PY32F040-EP Reference Manual

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

MA [31:16]

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

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

MA [15:0]

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit Name R/W Reset Value Function

Channel memory address.

It contains the base address of the memory from/to which the data
will be read/written.

31:0 MA [31:0] RW 0 When MSIZE = 2 'b01, the MA [0] bit is ignored. Access is automati-
cally aligned to a half-word address.

When MSIZE = 2 'b10, the MA [1:0] bit is ignored. Access is auto-

matically aligned with the word address.

11.4.19. DMA channel 5 configuration register (DMA_CCRY5)

Address offset:0x58
Reset value:0x0000 0000
31 30 29 | 28 27 26 25 24 23 22 21 20 19 18 17 16

Res

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

Res | MEM2MEM PL [1:0] MSIZE [1:0] | PSIZE[1:0] | MINC | PINC | CIRC | DIR | TEIE | HTIE | TCIE | EN

- RW RW | RW | RW | RW | RW | RW RW RW RW RW | RW RW RW | RW
Bit Name R/W Reset Value Function
31:15 Reserved - - Reserved

Channel memory-to-memory mode.
14 MEM2MEM RwW 0 0:Disabled

1:Memory-to-memory mode enabled

Channel priority configuration.
00:low

13:12 PL [1:0] RwW 0 01:Medium

10:high

11:very high

Channel memory data width.
00:8-bit

11:10 MSIZE [1:0] RW 0
01:16-hit

10:32-bit
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Bit

Name

R/IW

Reset Value

Function

11:Reserved

9:8

PSIZE [1:0]

RW

Channel peripheral data width.
00:8 hits
01:16-bit
10:32-hit

11:Reserved

MINC

RW

Channel memory increment mode.
0:Disabled
1:Enabled

PINC

RW

Channel peripheral increment mode.
0:Disabled
1:Enabled

CIRC

RW

Channel circular mode.
0:Disabled

1:Circular mode enabled

DIR

RW

Channel data transfer direction.
0:read from peripheral

l:read from memory

TEIE

RW

Channel transfer error interrupt (TE) enable
0:Disabled
1:TE interrupt enabled

HTIE

RW

Channel half transfer interrupt (HT) enable
0:Disabled

1:HT interrupt enabled

TCIE

RW

Channel transfer complete interrupt (TC) enable
0:Disabled
1:TC interrupt enabled

EN

RW

Channel enable.

0:Disabled

1:Channel enabled

11.4.20.

DMA channel 5 number of data to transfer register (DMA_CNDTR5)

Address offset:0x5C
Reset value:0x0000 0000

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

Bit Name R/W Reset Value Function

31:16 Reserved - - Reserved

Channel number of data to transfer

The number of data transmissions is 0 to 65535. This register is
only written when the channel is not working (DMA_CCR5. EN = 0).
This register is read-only when the channel is enabled, indicating
the number of bytes remaining to be transferred. This register value
is decremented after each DMA transfer.

15:0 NDT [15:0] | RW 0
After the data transfer is completed, the contents of the register ei-
ther become 0, or when the channel is configured in ciucular mode,
the contents of the register will be automatically reloaded to the pre-
viously configured value.

If this field is zero, no transfer can be served whatever the channel

status.

11.4.21. DMA channel 5 peripheral address register (DMA_CPARD5)

Address offset:0x60
Reset value:0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

PA [31:16]

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

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

PA [15:0]

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit Name R/W Reset Value Function

Channel peripheral address.

It contains the base address of the peripheral data register from/to
which the data will be read/written.

31:0 PA [31:0] RW 0 When PSIZE = 2 'b01, the PA [0] bit is ignored. Access is automati-
cally aligned to a half-word address.

When PSIZE = 2 'b10, the PA [1:0] bit is ignored. Access is automati-

cally aligned with the word address.

11.4.22. DMA channel 5 memory address register (DMA_CMARYS)

Address offset:0x64
Reset value:0x0000 0000
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31 30 29 28 27 26 25 24 28 22 21 20 19 18 17 16

MA [31:16]

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

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

MA [15:0]

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit Name R/W Reset Value Function

Channel memory address.

It contains the base address of the memory from/to which the data
will be read/written.

31:0 MA [31:0] RW 0 When MSIZE = 2 'b01, the MA [0] bit is ignored. Access is auto-
matically aligned to a half-word address.

When MSIZE = 2 'b10, the MA [1:0] bit is ignored. Access is auto-

matically aligned with the word address.

11.4.23. DMA channel 6 configuration register (DMA_CCRG6)

Address offset:0x6C
Reset value:0x0000 0000
31 30 29 | 28 27 26 25 24 23 22 21 20 19 18 17 16

Res

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

Res | MEM2MEM PL [1:0] MSIZE [1:0] | PSIZE[1:0] | MINC | PINC | CIRC | DIR | TEIE | HTIE | TCIE | EN

- RW RW | RW | RW | RW | RW | RW RW RW RW RW | RW RW RW | RW
Bit Name R/W Reset Value Function
31:15 Reserved - - Reserved

Channel memory-to-memory mode.
14 MEM2MEM RwW 0 0:Disabled

1:Memory-to-memory mode enabled

Channel priority configuration.
00:low

13:12 PL [1:0] RwW 0 01:medium

10:high

11:very high

Channel memory data width.
00:8 hits

11:10 MSIZE [1:0] RW 0
01:16-hit

10:32-bit
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Bit

Name

R/IW

Reset Value

Function

11:Reserved

9:8

PSIZE [1:0]

RW

Channel peripheral data width.
00:8 hits
01:16-bit
10:32-hit

11:Reserved

MINC

RW

Channel memory increment mode.
0:Disabled
1:Enabled

PINC

RW

Channel peripheral increment mode.
0:Disabled
1:Enabled

CIRC

RW

Channel circular mode.
0:Disabled

1:Circular mode enabled

DIR

RW

Channel data transfer direction.
0:read from peripheral

l:read from memory

TEIE

RW

Channel transfer error interrupt (TE) enable
0:Disabled
1:TE interrupt enabled

HTIE

RW

Channel half transfer interrupt) enable
0:Disabled

1:HT interrupt enabled

TCIE

RW

Channel transfer complete interrupt (TC) enable
0:Disabled
1:TC interrupt enabled

EN

RW

Channel enable.

0:Disabled

1:Channel enable

11.4.24.

DMA channel 6 number of data to transfer register (DMA_CNDTR6)

Address offset:0x70
Reset value:0x0000 0000

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

Bit Name R/W Reset Value Function

31:16 Reserved - - Reserved

Channel number of data to transfer

The number of data transmissions is 0 to 65535. This register is
only written when the channel is not working (DMA_CCR6. EN = 0).
This register is read-only when the channel is enabled, indicating
the number of bytes remaining to be transferred. This register value
is decremented after each DMA transfer.

15:0 NDT [15:0] RW 0
After the data transfer is completed, the contents of the register ei-
ther become 0, or when the channel is configured in circular mode,
the contents of the register will be automatically reloaded to the
previously configured value.

If this field is zero, no transfer can be served whatever the channel

status.

11.4.25. DMA channel 6 peripheral address register (DMA_CPARG6)

Address offset:0x74
Reset value:0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

PA [31:16]

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

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

PA [15:0]

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit Name R/W Reset Value Function

Channel peripheral address.

It contains the base address of the peripheral data register from/to
which the data will be read/written.

31:0 PA [31:0] RW 0 When PSIZE = 2 'b01, the PA [0] bit is ignored. Access is automati-
cally aligned to a half-word address.

When PSIZE = 2 'b10, the PA [1:0] bit is ignored. Access is automati-

cally aligned with the word address.

11.4.26. DMA channel 6 memory address register (DMA_CMARG)

Address offset:0x78
Reset value:0x0000 0000
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31 30 29 28 27 26 25 24 28 22 21 20 19 18 17 16

MA [31:16]

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

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

MA [15:0]

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit Name R/W Reset Value Function

Channel memory address.

It contains the base address of the memory from/to which the data
will be read/written.

31:0 MA [31:0] RW 0 When MSIZE = 2 'b01, the MA [0] bit is ignored. Access is automati-
cally aligned to a half-word address.

When MSIZE = 2 'b10, the MA [1:0] bit is ignored. Access is auto-

matically aligned with the word address.

11.4.27. DMA channel 7 configuration register (DMA_CCR?7)

Address offset:0x80
Reset value:0x0000 0000

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

Res | MEM2MEM PL [1:0] MSIZE [1:0] PSIZE [1:0] MINC | PINC | CIRC | DIR | TEIE | HTIE | TCIE | EN

- RW RW | RW | RW RW RW RW RW RW RW | RW | RW RW RW | RW
Bit Name R/W Reset Value Function
31:15 Reserved - - Reserved

Channel memory-to-memory mode.
14 MEM2MEM RwW 0 0:Disabled

1:Memory-to-memory mode enabled

Channel priority configuration.
00:low

13:12 PL [1:0] RwW 0 01:medium

10:high

11:very high

Channel memory data width.
00:8-bit

11:10 MSIZE [1:0] RW 0
01:16-hit

10:32-bit

151/630



PY32F040-EP Reference Manual

Bit

Name

R/IW

Reset Value

Function

11:Reserved

9:8

PSIZE [1:0]

RW

Channel peripheral data width.
00:8-bit

01:16-bit

10:32-hit

11:Reserved

MINC

RW

Channel memory increment mode.
0:Disabled
1:Enabled

PINC

RW

Channel peripheral increment mode.
0:Disabled
1:Enabled

CIRC

RW

Channel circular mode.
0:Disabled

1:Circular mode enabled

DIR

RW

Channel data transfer direction.
0:read from peripheral

l:read from memory

TEIE

RW

Channel transfer error interrupt (TE) enable
0:Disabled
1:TE interrupt enabled

HTIE

RW

Channel half transfer interrupt (HT) enable
0:Disabled

1:HT interrupt enabled

TCIE

RW

Channel transfer complete interrupt (TC) enable
0:Disabled
1:TC interrupt enabled

EN

RW

Channel enable.

0:Disabled

1:Channel enable

11.4.28.

DMA channel 7 number of data to transfer register (DMA_CNDTR?7)

Address offset:0x84
Reset value:0x0000 0000

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

Channel number of data to transfer

The number of data transmissions is 0 to 65535. This register is
only written when the channel is not working (DMA_CCR7. EN =
0). This register is read-only when the channel is enabled, indicat-
ing the number of bytes remaining to be transferred. This register
value is decremented after each DMA transfer.

15:0 NDT [15:0] RW 0
After the data transfer is completed, the contents of the register
either become 0, or when the channel is configured in circular
mode, the contents of the register will be automatically reloaded
to the previously configured value.

If this field is zero, no transfer can be served whatever the channel

status.

11.4.29. DMA channel 7 peripheral address register (DMA_CPAR7)

Address offset:0x88
Reset value:0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

PA [31:16]

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

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

PA [15:0]

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit Name R/W Reset Value Function

Channel peripheral address.

It contains the base address of the peripheral data register from/to
which the data will be read/written.

31:.0 PA [31:0] RW 0 When PSIZE = 2 'b01, the PA [0] bit is ignored. Access is automati-
cally aligned to a half-word address.

When PSIZE = 2 'b10, the PA [1:0] bit is ignored. Access is auto-

matically aligned with the word address.

11.4.30. DMA channel 7 memory address register (DMA_CMARY7)

Address offset:0x8C
Reset value:0x0000 0000
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MA [31:16]

RwW RwW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
15 14 13 12 11 10 9 8 7 6 ® 4 & 2 1 0
MA [15:0]

RwW RwW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit Name R/W Reset Value Function
Channel memory address.
It contains the base address of the memory from/to which the data
will be read/written.

31:0 MA [31:0] RW 0 When MSIZE = 2 'b01, the MA [0] bit is ignored. Access is automat-

ically aligned to a half-word address.

When MSIZE = 2 'b10, the MA [1:0] bit is ignored. Access is auto-

matically aligned with the word address.
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12. Interrupts and events

12.1. Nested vectored interrupt controller (NVIC)
12.1.1. Main features
A Support 30 maskable external interrupts (not including the sixteen CPU interrupt lines)
A 4 programmable priority levels (2 bits of interrupt priority are used)
A Low-latency exception and interrupt handling
A Power management control
The NVIC and the processor core interface are closely coupled, which enables low latency interrupt
processing and efficient processing of late arriving interrupts. All interrupts inclusing the core excep-
tions are managed by the NVIC.
12.1.2. SysTick calibration value register
The SysTick calibration value is set to 9000, which gives a reference time base of 1 ms with the Sys-
Tick clock set to 9 MHz (max fhcLx/8).
12.1.3. Interrupt and exception vectors
Table 12-1 Interrupt and exception vectors
Position Priority g?li%?i?; Pin name Description Address
- - - - Reserved 0x0000_0000
- -3 fixed Reset Reset 0x0000_0004
The RCC clock security system (CSS)
- -2 fixed NMI_Handler is coupled to 0x0000_0008
NMI vector
- -1 fixed HardFualt_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 settable | WWDG Window watchdog interrupt 0x0000_0040
1 8 settable | PVD PVD through EXTI line 16 interrupt 0x0000_0044
2 9 settable | RTC TS;I')C interrupt (combined EXTI lines 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_15 EXTI line [15:4] interrupt 0x0000_005C
8 15 settable | LCD LCD global interrupt 0x0000_0060
9 16 settable | DMA_Channell DMA Channel 1 Interrupt 0x0000_0064
10 17 settable | DMA_Channel 2_3 DMA channel 2 & 3 interrupt 0x0000_0068
11 18 settable r[])é\l/IAfA_Scrgar;- DMA channel 4 & 5 & 6 & 7 interrupt 0x0000_006C
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Type of

Position Priority priority Pin name Description Address
12 19 | settable | ADC_COMP erfbﬁlnf d%ﬁﬁ;gﬁﬁgi&?%’ 0x0000_0070
13 20 settable 'I(;Ig/I'\J/.l_BRK_UP_TRG_ Emit%rs?rlﬁ,etsﬁ%?te, trigger and com- 0X0000_0074
14 21 settable | TIM1_CC TIM1 capture compare interrupt 0x0000_0078
15 22 settable | TIM2 TIM2 global interrupt 0x0000_007C
16 23 settable | TIM3 TIM3 global interrupt 0x0000_0080
17 24 settable | TIM6/LPTIM1 TIM6/LPTIM global interrupt 0x0000_0084
18 25 settable | TIM7 TIM7 global interrupt 0x0000_0088
19 26 settable | TIM14 TIM14 global interrupt 0x0000_008C
20 27 settable | TIM15 TIM15 global interrupt 0x0000_0090
21 28 settable | TIM16 TIM16 global interrupt 0x0000_0094
22 29 settable | TIM17 TIM17 global interrupt 0x0000_0098
23 30 settable | 12C1 I12C1 global interrupt 0x0000_009C
24 31 settable | 12C2 12C2 global interrupt 0x0000_00A0
25 32 settable | SPI1 SPI1 global interrupt 0x0000_00A4
26 33 settable | SPI2 SPI2 global interrupt 0x0000_00A8
27 34 settable | USART1 USART1 global interrupt 0x0000_00AC
28 35 settable | USART2 USART?2 global interrupt 0x0000_00BO
29 36 settable | USART3 4 USART3_4 global interrupt 0x0000_00B4
30 37 - Reserved - 0x0000_00B8
31 38 - Reserved - 0x0000_00BC
12.2. Extended interrupts and events controller (EXTI)

12.2.1.

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

configurable and direct event inputs (Lines). It outputs following signals:

A
A
A

The EXTI wake-up requests allow the system to be woken up from Stop modes. The interrupt request

Interrupt request, generating IRQ of CPU

Event request, generating CPU event input (RXEV)

The wake-up request is sent to the power consumption management control module

and event request generation can also be used in Run mode.

EXTI allows the management of up to 21 configurable/direct event lines (19 configurable event lines

and 2 direct event lines).

EXTI main features

A

>

The system can wake up via GPIO and specified module (PVD/COMP/RTC/LPTIM) input

events

Configurable events (from I/Os, peripherals not having an associated interrupt pending status

bit, or peripherals generating a pulse)

i Selectable active trigger edge

i Interrupt pending status bits

i Individual interrupt and event generation mask
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12.2.2.

12.2.3.

12.2.4.

I SW trigger possibility
A Direct events (from peripherals having an associated flag and interrupt pending status bit)
[ Fixed rising edge active trigger
[ No interrupt pending bit in the EXTI
[ Individual interrupt and event generation mask
[ No SW trigger possibility

A Configurable 10 port selector

EXTI block diagram

APB bus

Y

PCLK ) .
Peripheral interface
3 3 3
A A A
Falling ‘T'gge’ Rising ‘T'gge’ Software Event mask Interrupt mask Pending requesg
selection selection Interrupt event . y >
f i - register register register
register register register
i i i i i T Wakeup
Externa, Trigger Detetct
events IRQ3L0]
Masking >
RXEV
——

Fi guaR2leEXTI bl ock diagram

Interrupt management

The wake up event can be generated either by:

A Interrupt mode

Enable interrupts in the peripheral control register, but not in the NVIC (nested vector interrupt con-

troller), and enable the SEVONPEND bit in the Cortex-MO0 system control register.

When the MCU resumes from the WFE state, the EXTI peripheral interrupt pending bit and the pend-
ing bit of the peripheral NVIC IRQ channel (located in the NVIC interrupt clear pending register) must
be cleared.

A Event mode

Configure the external or internal EXTI line to event mode. When the CPU resumes from the WFE
state, there is no need to clear the peripheral interrupt pending bit or the pending bit of the NVIC IRQ

channel because the pending bit corresponding to the event line will not be set.

Functional description

For external interrupt lines, to generate interrupts, interrupt lines must be configured and enabled. This
is done by programming the two trigger registers to set the required edge detection and by writing '1'

to the corresponding bit in the interrupt mask register to enable the interrupt request. An interrupt
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12.2.5.

12.2.6.

12.2.7.

request is generated when the selected edge appears on the outer interrupt line. At the same time,
the pending bit corresponding to the interrupt line is also set. This request may be cleared by writing

'1' to the corresponding bit in the pending register.

For internal interrupt lines, the active edge is always a rising edge, the interrupt is enabled by default
in the interrupt mask register, and there is no corresponding pending bit in the pending register.

In order to generate events, the event line needs to be configured and enabled. This is done by pro-
gramming the two trigger registers to set the required edge detection, and by writing '1' to the corre-
sponding bit in the event mask register to enable the event request. When the selected edge appears
on the event line, an event pulse is generated. The pending bit corresponding to this event line will not

be set.
For external lines, an interrupt or event request can also be generated by software writing '1' in the
software interrupt/event register.

Note:Interrupts or events related to internal lines can only be triggered when the system is in Stop

mode. If the system is still running, no interrupts or events are generated.

Hardware interrupt selection

Direct events will generate interrupts in the EXTI module and will generate event signals that wake

up the system and CPU subsystem. When the CPU handles the interrupt generated by this type of

trigger event, it needs to clear the interrupt status bit of the peripheral module.

To configure a line as an interrupt source, follow these steps:

A Configure the corresponding mask bit in the EXTI_IMR register:Enable this interrupt line by set-
ting the corresponding bit in the EXTI_IMR (interrupt mask register).

A Configure trigger select bits for interrupt lines:Set the required edge detection (rising edge, fall-
ing edge, or both) by programming EXTI_RTSR (rising edge trigger select register) and
EXTI_FTSR (falling edge trigger select register).

A Configure enable and mask bits for NVIC interrupt channels:The configuration controls the ena-

ble and mask bits of the NVIC IRQ channel mapped to EXTI so that interrupts from an EXTI line

are correctly responded to.

Hardware event selection

To configure a line as an event source, follow these steps:
A Configure the corresponding mask bit in the EXTI_EMR register:This event line is enabled by

setting the corresponding bit in the EXTI_EMR (event mask register).

>

Configure the trigger select bit of the event line:Set the required edge detection (rising edge,

falling edge, or both) by programming EXTI_RTSR and EXTI_FTSR.

Software interrupt/Event selection

Any external line can be configured as a software interrupt/event line. Here are the steps to generate

a software interrupt:
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A Configure corresponding mask bits:Configure the corresponding bits in EXTI_IMR (interrupt
mask register) or EXTI_EMR (event mask register) as needed.
A Set the corresponding bit in the software interrupt register:Generate the software interrupt by

setting the required bit in the EXTI_SWIER (software interrupt/event register

12.2.8. EXTI multiplexer

The GPIOs are connected to 16 external interrupt/event lines:
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EXTllbitS
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The EXTI lines are connected as shown as follows:

Table 12-2 EXTI lines connections

EXTl line Line source Line type
Line 0-15 GPIO Configurable
Line 16 PVD output Configurable
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EXTI line Line source Line type
Line 0-7 COMP 1 output Configurable
Line 18 COMP2 output Configurable
Line 19 RTC Direct
Line 20 Reserved -
Line 21 to 28 Reserved -
Line 29 LPTIM Direct
Line 30 to 31 Reserved -
12.3. EXTlI register

The peripheral registers have to be accessed by word (32-bit), half-word (16 bits), and byte (8 bits).

12.3.1.

Address offset:0x00
Reset value:0x0000 0000

Contains only register bits for configurable events.

EXTI rising trigger selection register (EXTI_RTSR)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res Res RT18 RT17 RT16
- - RW RW RW
15 14 13 12 11 10 9 7 6 5 4 3 2 1 0
RT15 RT14 RT13 RT12 RT11 RT10 RT9 RT8 RT7 RT6 RT5 RT4 RT3 RT2 RT1 RTO
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Bit Name R/W Reset Value Function
31:19 Reserved - - Reserved
Rising trigger event configuration bit of line18
18 RT18 RW 0 0:Disabled
1:Enabled
Rising trigger event configuration bit of linel7
17 RT17 RW 0 0:Disabled
1:Enabled
Rising trigger event configuration bit of linel6
16 RT16 RW 0 0:Disabled
1:Enabled
Rising trigger event configuration bit of line15
15 RT15 RW 0 0:Disabled
1:Enabled
Rising trigger event configuration bit of line14
14 RT14 RW 0 0:Disabled
1:Enabled
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Bit

Name

R/W

Reset Value

Function

13

RT13

RW

Rising trigger event configuration bit of line13
0:Disabled
1:Enabled

12

RT12

RW

Rising trigger event configuration bit of line12
0:Disabled
1:Enabled

11

RT11

RW

Rising trigger event configuration bit of linel1
0:Disabled
1:Enabled

10

RT10

RW

Rising trigger event configuration bit of line10
0:Disabled
1:Enabled

RT9

RW

Rising trigger event configuration bit of line9
0:Disabled
1:Enabled

RT8

RW

Rising trigger event configuration bit of line8
0:Disabled
1:Enabled

RT7

RW

Rising trigger event configuration bit of line7
0:Disabled
1:Enabled

RT6

RW

Rising trigger event configuration bit of line6
0:Disabled
1:Enabled

RT5

RW

Rising trigger event configuration bit of line5
0:Disabled
1:Enabled

RT4

RW

Rising trigger event configuration bit of line4
0:Disabled
1:Enabled

RT3

RW

Rising trigger event configuration bit of line3
0:Disabled

1:Enabled

RT2

RW

Rising trigger event configuration bit of line2
0:Disabled
1:Enabled

RT1

RW

Rising trigger event configuration bit of linel
0:Disabled
1:Enabled
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Bit Name R/W Reset Value Function

Rising trigger event configuration bit of line0
0 RTO RW 0 0:Disabled
1:Enabled

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

rising edge on a configurable interrupt line occurs during a write operation to the EXTI_RTSR regis-

ter, 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.

12.3.2. EXTI falling trigger selection register (EXTI_FTSR)

Address offset:0x04
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 | FT18 | FT17 | FT16
- - RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FT15 | FT14 | FT13 | FT12 | FT11 | FT10 | FT9 | FT8 | FT7 FT6 FT5 FT4 FT3 FT2 FT1 FTO
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit Name R/W Reset Value Function

31:19 Reserved - - 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

Falling trigger event configuration bit of linel6
16 FT16 RW 0 0:Disabled
1:Enabled

Falling trigger event configuration bit of linel5
15 FT15 RW 0 0:Disabled
1:Enabled

Falling trigger event configuration bit of line14
14 FT14 RW 0 0:Disabled
1:Enabled

Falling trigger event configuration bit of line13
13 FT13 RW 0

O:Disabled
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Bit

Name

R/W

Reset Value

Function

1:Enabled

12

FT12

RW

Falling trigger event configuration bit of line12
0:Disabled
1:Enabled

11

FT11

RW

Falling trigger event configuration bit of linel1
0:Disabled
1:Enabled

10

FT10

RW

Falling trigger event configuration bit of line10
0:Disabled
1:Enabled

FT9

RW

Falling trigger event configuration bit of line9
0:Disabled
1:Enabled

FT8

RW

Falling trigger event configuration bit of line8
0:Disabled
1:Enabled

FT7

RW

Falling trigger event configuration bit of line7
0:Disabled
1:Enabled

FT6

RW

Falling trigger event configuration bit of line6
0:Disabled
1:Enabled

FT5

RW

Falling trigger event configuration bit of line5
0:Disabled
1:Enabled

FT4

RW

Falling trigger event configuration bit of line4
0:Disabled
1:Enabled

FT3

RW

Falling trigger event configuration bit of line3
0:Disabled
1:Enabled

FT2

RW

Falling trigger event configuration bit of line2
0:Disabled
1:Enabled

FT1

RW

Falling trigger event configuration bit of linel
0:Disabled
1:Enabled

FTO

RW

Falling trigger event configuration bit of line0

O:Disabled
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Bit

Name

R/W

Reset Value Function

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 regis-

ter, 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.

12.3.3. 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 SwW1 SW1 Swi1
8 7 6
- - - - - - - - - - - - RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SW1 | SW1 | SW1 | SW1 | SW1 | SW1 | SW | SW | SW | SW | SW | SW | SW | SW2 | SW1 | SwWo
5 4 3 2 1 0 9 8 7 6 5 4 3
RW RW RW RW RW RW RW | RW | RW | RW | RW | RW | RW RW RW RW
Bit Name R/W Reset Value Function
31:19 Reserved - - Reserved
Rising trigger event configuration bit of line18
0:No effect
18 SW18 RwW 0 1:Generate rising trigger event, which in turn generates interrupt
This bit is cleared by hardware, and read returns O (after hardware
clearing) or configuration value (before hardware clearing)
Rising trigger event configuration bit of linel7
0:No effect
17 Sw1i7 RW 0
1:Generate rising trigger event, which in turn generates interrupt
This bit is cleared by the hardware. Read returns 0.
Rising trigger event configuration bit of linel6
0:No effect
16 SW16 RwW 0 1:Generate rising trigger event, which in turn generates interrupt
This bit is cleared by hardware, and read returns 0 (after hardware
clearing) or configuration value (before hardware clearing)
Rising trigger event configuration bit of linel5
15 SW15 RW 0 0:No effect
1:Generate rising trigger event, which in turn generates interrupt
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Bit

Name

R/W

Reset Value

Function

This bit is cleared by hardware, and read returns 0 (after hardware

clearing) or configuration value (before hardware clearing)

14

SW14

RW

Rising trigger event configuration bit of linel4
0:No effect
1:Generate rising trigger event, which in turn generates interrupt

This bit is cleared by the hardware. Read returns 0.

13

SW13

RW

Rising trigger event configuration bit of line13
0:No effect
1:Generate rising trigger event, which in turn generates interrupt

This bit is cleared by the hardware. Read returns 0.

12

SW12

RW

Rising trigger event configuration bit of line12

0:No effect

1:Generate rising trigger event, which in turn generates interrupt
This bit is cleared by hardware, and read returns 0 (after hardware

clearing) or configuration value (before hardware clearing)

11

SW11

RW

Rising trigger event configuration bit of line1l

0:No effect

1:Generate rising trigger event, which in turn generates interrupt
This bit is cleared by hardware, and read returns 0 (after hardware

clearing) or configuration value (before hardware clearing)

10

SW10

RW

Rising trigger event configuration bit of line10

0:No effect

1:Generate rising trigger event, which in turn generates interrupt
This bit is cleared by hardware, and read returns 0 (after hardware

clearing) or configuration value (before hardware clearing)

SW9

RW

Rising trigger event configuration bit of line9
0:No effect
1:Generate rising trigger event, which in turn generates interrupt

This bit is cleared by the hardware. Read returns 0.

SW8

RW

Rising trigger event configuration bit of line8

0:No effect

1:Generate rising trigger event, which in turn generates interrupt
This bit is cleared by hardware, and read returns 0 (after hardware

clearing) or configuration value (before hardware clearing)

SW7

RwW

Rising trigger event configuration bit of line7

0:No effect

1:Generate rising trigger event, which in turn generates interrupt
This bit is cleared by hardware, and read returns 0 (after hardware

clearing) or configuration value (before hardware clearing)
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Bit Name R/W Reset Value Function

Rising trigger event configuration bit of line6

0:No effect

6 SW6 RW 0 1:Generate rising trigger event, which in turn generates interrupt
This bit is cleared by hardware, and read returns 0 (after hardware

clearing) or configuration value (before hardware clearing)

Rising trigger event configuration bit of line5

0:No effect

5 SW5 RW 0 1:Generate rising trigger event, which in turn generates interrupt
This bit is cleared by hardware, and read returns 0 (after hardware

clearing) or configuration value (before hardware clearing)

Rising trigger event configuration bit of line4

0:No effect

4 sw4 RW 0 1:Generate rising trigger event, which in turn generates interrupt
This bit is cleared by hardware, and read returns 0 (after hardware

clearing) or configuration value (before hardware clearing)

Rising trigger event configuration bit of line3

0:No effect

3 Sw3 RW 0 1:Generate rising trigger event, which in turn generates interrupt
This bit is cleared by hardware, and read returns 0 (after hardware

clearing) or configuration value (before hardware clearing)

Rising trigger event configuration bit of line2

0:No effect

2 SW2 RW 0 1:Generate rising trigger event, which in turn generates interrupt
This bit is cleared by hardware, and read returns O (after hardware

clearing) or configuration value (before hardware clearing)

Rising trigger event configuration bit of linel

0:No effect

1 SW1 RwW 0 1:Generate rising trigger event, which in turn generates interrupt
This bit is cleared by hardware, and read returns 0 (after hardware

clearing) or configuration value (before hardware clearing)

Rising trigger event configuration bit of line0

0:No effect

0 SWO0 RwW 0 1:Generate rising trigger event, which in turn generates interrupt
This bit is cleared by hardware, and read returns 0 (after hardware

clearing) or configuration value (before hardware clearing)

12.3.4. EXTI pending register (EXTI_PR)

Address offset:0x0C
Reset value:0x0000 0000
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Contains only register bits for configurable events.

31

30

29 28

27

26 25

24 23

21 20 19 18 17 16

Res

Res

Res Res

Res

Res Res

Res | Res

Res | Res Res Res | PR18 | PR17 | PR16

- - RC_W1

15

14

13 12

11

10 9

PR15

PR14

PR13 | PR12

PR11

PR10 | PR9

PR8 | PR7

PR6 | PR5 PR4 PR3 | PR2 PR1 PRO

RC_W1

Bit

Name

R/W

Reset Value

Function

31:19

Reserved

18

PR18

RC_W1

Configurable EXTI line 18 interrupt request pend-
ing flag When software or hardware generates ris-
ing/falling edge trigger events, this bit is set. This
bit is cleared by writing 1

0:No trigger request occurred

1:Generate rising edge/falling edge/software trig-

ger event request;

17

PR17

RC_W1

Configurable EXTI line 17 interrupt request pend-
ing flag When software or hardware generates ris-
ing/falling edge trigger events, this bit is set. This
bit is cleared by writing 1

0:No trigger request occurred

1:Generate rising edge/falling edge/software trig-

ger event request;

16

PR16

RC_W1

Configurable EXTI line 16 interrupt request pend-
ing flag When software or hardware generates ris-
ing/falling edge trigger events, this bit is set. This
bit is cleared by writing 1

0:No trigger request occurred

1:Generate rising edge/falling edge/software trig-

ger event request;

15

PR15

RC_W1

Configurable EXTI line 15 interrupt request pend-
ing flag When software or hardware generates ris-
ing/falling edge trigger events, this bit is set. This
bit is cleared by writing 1

0:No trigger request occurred

1:Generate rising edge/falling edge/software trig-

ger event request;
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Bit

Name

R/IW

Reset Value

Function

14

PR14

RC_W1

Configurable EXTI line 14 interrupt request pend-
ing flag When software or hardware generates ris-
ing/falling edge trigger events, this bit is set. This
bit is cleared by writing 1

0:No trigger request occurred

1:Generate rising edge/falling edge/software trig-

ger event request;

13

PR13

RC_W1

Configurable EXTI line 13 interrupt request pend-
ing flag When software or hardware generates ris-
ing/falling edge trigger events, this bit is set. This
bit is cleared by writing 1

0:No trigger request occurred

1:Generate rising edge/falling edge/software trig-

ger event request;

12

PR12

RC_W1

Configurable EXTI line 12 interrupt request pend-
ing flag When software or hardware generates ris-
ing/falling edge trigger events, this bit is set. This
bit is cleared by writing 1

0:No trigger request occurred

1:Generate rising edge/falling edge/software trig-

ger event request;

11

PR11

RC_W1

Configurable EXTI line 11 interrupt request pend-
ing flag When software or hardware generates ris-
ing/falling edge trigger events, this bit is set. This
bit is cleared by writing 1

0:No trigger request occurred

1:Generate rising edge/falling edge/software trig-

ger event request;

10

PR10

RC_W1

Configurable EXTI line 10 interrupt request pend-
ing flag When software or hardware generates ris-
ing/falling edge trigger events, this bit is set. This
bit is cleared by writing 1

0:No trigger request occurred

1:Generate rising edge/falling edge/software trig-

ger event request;

PR9

RC_W1

Configurable EXTI line 9 interrupt request pend-
ing flag When software or hardware generates
rising/falling edge trigger events, this bit is set.

This bit is cleared by writing 1
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Bit

Name

R/IW

Reset Value

Function

0:No trigger request occurred
1:Generate rising edge/falling edge/software trig-

ger event request;

PR8

RC_W1

Configurable EXTI line 8 interrupt request pend-
ing flag When software or hardware generates
rising/falling edge trigger events, this bit is set.
This bit is cleared by writing 1

0:No trigger request occurred

1:Generate rising edge/falling edge/software trig-

ger event request;

PR7

RC_W1

Configurable EXTI line 7 interrupt request pend-
ing flag When software or hardware generates
rising/falling edge trigger events, this bit is set.
This bit is cleared by writing 1

0:No trigger request occurred

1:Generate rising edge/falling edge/software trig-

ger event request;

PR6

RC_W1

Configurable EXTI line 6 interrupt request pend-
ing flag When software or hardware generates
rising/falling edge trigger events, this bit is set.
This bit is cleared by writing 1

0:No trigger request occurred

1:Generate rising edge/falling edge/software trig-

ger event request;

PR5

RC_W1

Configurable EXTI line 5 interrupt request pend-
ing flag When software or hardware generates
rising/falling edge trigger events, this bit is set.
This bit is cleared by writing 1

0:No trigger request occurred

1:Generate rising edge/falling edge/software trig-

ger event request;

PR4

RC_W1

Configurable EXTI line 4 interrupt request pend-
ing flag When software or hardware generates
rising/falling edge trigger events, this bit is set.
This bit is cleared by writing 1

0:No trigger request occurred

1:Generate rising edge/falling edge/software trig-

ger event request;
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Bit

Name

R/IW

Reset Value

Function

PR3

RC_W1

Configurable EXTI line 3 interrupt request pend-
ing flag When software or hardware generates
rising/falling edge trigger events, this bit is set.
This bit is cleared by writing 1

0:No trigger request occurred

1:Generate rising edge/falling edge/software trig-

ger event request;

PR2

RC_W1

Configurable EXTI line 2 interrupt request pend-
ing flag When software or hardware generates
rising/falling edge trigger events, this bit is set.
This bit is cleared by writing 1

0:No trigger request occurred

1:Generate rising edge/falling edge/software trig-

ger event request;

PR1

RC_W1

Configurable EXTI line 1 interrupt request pend-
ing flag When software or hardware generates
rising/falling edge trigger events, this bit is set.
This bit is cleared by writing 1

0:No trigger request occurred

1:Generate rising edge/falling edge/software trig-

ger event request;

PRO

RC_W1

Configurable EXTI line O interrupt request pend-
ing flag When software or hardware generates
rising/falling edge trigger events, this bit is set.
This bit is cleared by writing 1

0:No trigger request occurred

1:Generate rising edge/falling edge/software trig-

ger event request;

12.3.5. EXTI external interrupt selection register 1 (EXTI_EXTICR1)

Address offset:0x60

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 21 20 19 18 17 16
Res | Res | Res Res Res Res EXTI3 [1:0] Res Res Res Res Res Res EXTI2 [1:0]
RW RW - - - RW RW
15 14 13 12 11 10 9 8 7 5 4 3 2 1 0
Res | Res | Res Res Res Res EXTI1 [1:0] Res Res Res Res Res Res EXTIO [1:0]
RW RW - - - RW RW
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Bit

Name

R/W

Reset Value

Function

31:26

Reserved

Reserved

25:24

EXTI3 [1:0]

RW

EXIT3 GPIO port selection
2 'b00:PA [3] pin
2 'b01:PB [3] pin
2 'b10:PC [3] pin
2 'b11:PF [3] pin

23:18

Reserved

Reserved

17:16

EXTI2 [1:0]

RW

EXTI2 corresponds to GPIO port selection.
2 'b00:PA [2] pin
2 'b01:PB [2] pin
2 'b10:PC [2] pin
2 'b11:PF [2] pin

15:10

Reserved

Reserved

9:8

EXTI1 [1:0]

RW

EXTI1 corresponds to GPIO port selection.
2 'b00:PA [1] pin
2 'b01:PB [1] pin
2 'b10:PC [1] pin
2 'b11:PF [1] pin

7.2

Reserved

Reserved

1.0

EXTIO [1:0]

RW

EXTIO corresponds to GPIO port selection.
2 'b00:PA [0] pin
2 'b01:PB [0] pin
2 'b10:PC [0] pin
2 'b11:PF [0] pin

12.3.6. EXTI external interrupt selection register 2 (EXTI_EXTICR2)

Address offset:0x64
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 EXTI7 [1:0] Res Res Res Res Res Res EXTI6 [1:0]
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 EXTI5 [1:0] Res Res Res Res Res Res EXTI4 [1:0]
RW RW RW RW
Bit Na me R/ W Reset V Functi on
3126 Reserved - - Reserved
EXTI 7 corresponds to G
24 EXTID][ 1 RW 0
2 '"BAO[7] pin
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Bit Name R/ W Reset V Functi on
2 '"BB1[ 7] pin
2 '"BCO[7] pin
2 "BEL1[7] pin
238 Reserved - - Reserved
EXTI 6 corresponds to GI¥
2 ':PAOpbBH
1716 EXTI®][ 1 RW 0 2 'BB1[6] pin
2 '":BPCO[6] pin
2 "BE1l[6] pin
150 Reserved - - Reserved
EXTI5 corresponds to GI¥
2 '":BPAO[5] pin
9:8 EXTI®][ 1 RW 0 2 '"BB1[5] pin
2 '"BCO[5B] pin
2 '"BE1[ 5] pin
7:2 Reserved - - Reserved
EXTI 4 corresponds to G
2 'BPAO[4] pin
1:0 EXTI®][ 1 RW 0 2 'BB1[4] pin
2 '"PBCO[4] pin
2 "BE1[ 4] pin
12.3.7. EXTI external interrupt selection register 3 (EXTI_EXTICRS3)
Address offset:0x68
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 EXTI11 [1:0] Res Res Res Res Res Res EXTI10 [1:0]
- RW | RW - RW RW
15 14 13 12 11 10 9 8 7 5 4 3 2 1 0
Res Res Res Res Res Res EXTI9 [1:0] Res Res Res Res Res Res EXTI8 [1:0]
RW | RW - RW RW
Bit Name R/IW Reset Value Function
31:26 Reserved - - Reserved
EXTI11 corresponds to GPIO port selection.
2 'b00:PA [11] pin
25:24 EXTI11 [1:0] RW 0 2 'b01:PB [11] pin
2 'b10:PC [11] pin
2 06 b:Regerved
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23:18

Reserved

Reserved

17:16

EXTI10 [1:0]

RW

EXTI11 corresponds to GPIO port selection.
2 'b00:PA [10] pin

2 'b01:PB [10] pin

2 'b10:PC [10] pin

2 0 bRegerved

15:10

Reserved

Reserved

9:8

EXTIO [1:0]

RW

EXTI11 corresponds to GPIO port selection.
2 'b00:PA [9] pin
2 'b01:PB [9] pin
2 'b10:PC [9] pin
2 'b11:PF [9] pin

7:2

Reserved

Reserved

1.0

EXTI8 [1:0]

RW

EXTI8 corresponds to GPIO port selection.
2 'b00:PA [8] pin
2 'b01:PB [8] pin
2 'b10:PC [8] pin

2 'b11:PF [8] pin

12.3.8. EXTI external interrupt selection register 4 (EXTI_EXTICRA4)

Address offset:0x6C
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 EXTI15 [1:0] Res Res Res Res Res Res EXTI14 [1:0]
RW RW - - RwW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res Res Res Res Res Res EXTI13 [1:0] Res Res Res Res Res Res EXTI12 [1:0]
RW RW - - - RwW RW
Bit Name R/W Reset Value Function
31:26 Reserved - - Reserved
EXTI15 corresponds to GPIO port selection.
2 'p00:PA [15] pin
25:24 EXTI15 [1:0] RW 0 2'p01:PB [15] pin
2'p10:PC [15] pin
2 0 b:Regerved
23:18 Reserved - - Reserved
EXTI14 corresponds to GPIO port selection.
17:16 EXTI14 [1:0] RW 0 2 'p00:PA [14] pin
2'p01:PB [14] pin
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Bit

Name

R/IW

Reset Value

Function

2 'b10:PC [14] pin
2 0 b:Regerved

15:10

Reserved

Reserved

9:8

EXTI13 [1:0]

RW

EXTI13 corresponds to GPIO port selection.
2 'b00:PA [13] pin

2 'b01:PB [13] pin

2 'b10:PC [13] pin

2 0 bRegerved

7:2

Reserved

Reserved

1.0

EXTI12 [1:0]

RW

EXTI12 corresponds to GPIO port selection.
2 'b00:PA [12] pin

2 'b01:PB [12] pin

2 'b10:PC [12] pin

2 0 bRegerved

12.3.9. Interrupt mask register (EXTI_IMR)

Address offset:0x80
Reset value:0x2008 0000

Note:The reset value is set such as to, by default, enable interrupt from direct lines, and disable interrupt from

configurable lines.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | IM29 | Res | Res | Res | Res | Res | Res | Res | Res | Res | IM19 | IM18 | IM17 | IM16
- - RwW - - - - - - - - RW RW RwW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IM15 | IM14 | IM13 | IM12 | IM11 | IM1O | IM9 | IM8 | IM7 | IM6 | IM5 | IM4 IM3 IM2 IM1 IMO
RwW RwW RwW RW RwW RW | RW | RW | RW | RW | RW | RW RW RW RwW RW
Bit Name R/W Reset Value Function
31:30 Reserved - - Reserved
Interrupt mask on line 29.
29 IM29 RW 1 O:Interrupt request is masked
1:Interrupt request is not masked
28:20 Reserved - - Reserved
EXTI linel9 wakes up CPU mask control as an interrupt.
19 IM19 RW 1 O:Interrupt request is masked
1:Interrupt request is not masked
Interrupt mask on line 18.
18 IM18 RW 0 O:Interrupt request is masked
1:Interrupt request is not masked
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Bit

Name

R/W

Reset Value

Function

17

IM17

RW

Interrupt mask on line 17.
O:Interrupt request is masked

1:Interrupt request is not masked

16

IM16

RW

EXTI linel6 wakes up CPU mask control as an interrupt.
O:Interrupt request is masked

L:Interrupt request is not masked

15

IM15

RW

EXTI linel5 wakes up CPU mask control as an interrupt.
O:Interrupt request is masked

1:Interrupt request is not masked

14

IM14

RW

EXTI linel4 wakes up CPU mask control as an interrupt.
O:Interrupt request is masked

L:Interrupt request is not masked

13

IM13

RW

EXTI linel3 wakes up CPU mask control as an interrupt.
0:Interrupt request is masked

L:Interrupt request is not masked

12

IM12

RW

EXTI linel2 wakes up CPU mask control as an interrupt.
O:Interrupt request is masked

1:Interrupt request is not masked

11

IM11

RW

EXTI linell wakes up CPU mask control as an interrupt.
O:Interrupt request is masked

1:Interrupt request is not masked

10

IM10

RW

EXTI line10 wakes up CPU mask control as an interrupt.
O:Interrupt request is masked

1:Interrupt request is not masked

IM9

RW

EXTI line9 wakes up CPU mask control as an interrupt.
O:Interrupt request is masked

1:Interrupt request is not masked

IM8

RW

EXTI line8 wakes up CPU mask control as an interrupt.
O:Interrupt request is masked

1:Interrupt request is not masked

IM7

RW

Interrupt mask on line 7.
O:Interrupt request is masked

1:Interrupt request is not masked

IM6

RW

Interrupt mask on line 6.
O:Interrupt request is masked

1:Interrupt request is not masked

IM5

RW

Interrupt mask on line 5.

O:Interrupt request is masked

1:Interrupt request is not masked
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Bit

Name

R/W

Reset Value

Function

IM4

RW

Interrupt mask on line 4.
O:Interrupt request is masked

1:Interrupt request is not masked

IM3

RW

Interrupt mask on line 3.
O:Interrupt request is masked

1:Interrupt request is not masked

IM2

RW

Interrupt mask on line 2.
O:Interrupt request is masked

1:Interrupt request is not masked

IM1

RW

Interrupt mask on line 1.
O:Interrupt request is masked

L:Interrupt request is not masked

IMO

RW

Interrupt mask on line 0.
0:Interrupt request is masked

L:Interrupt request is not masked

12.3.10.

EXTI event mask register (EXTI_EMR)

Address offset:0x84
Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res | EM2 | Res Res Res | Res | Res | Res | Res | Res | Res | EM1 | EM1 | EM1 | EM1
9 9 8 7 6
- - RwW - - - - - - - - - RwW RW RwW RwW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EM1 | EM1 | EM1 | EM1 | EM1 | EM1 | EM | EM | EM | EM | EM | EM | EM3 | EM2 | EM1 | EMO
5 4 3 2 1 0 9 8 7 6 5 4
RwW RwW RwW RwW RW RW | RW | RW | RW | RW | RW | RW | RW RW RwW RwW
Bit Name R/W Reset Value Function
31:30 Reserved - - Reserved
Event mask on line 29.
29 EM29 RW 0 0:Event request from Line 29 is masked
1:Event request from Line 29 is not masked
28:20 Reserved - - Reserved
Event mask on line 19.
19 EM19 RW 0 0:Event request from Line 19 is masked
1:Event request from Line 19 is not masked
Event mask on line 18.
18 EM18 RW 0
0:Event request from Line 18 is masked
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Bit

Name

R/W

Reset Value

Function

1:Event request from Line 18 is not masked

17

EM17

RW

Event mask on line 17.
0:Event request from Line 17 is masked

1:Event request from Line 17 is not masked

16

EM16

RW

Event mask on line 16.
0:Event request from Line 16 is masked

1:Event request from Line 16 is not masked

15

EM15

RW

Event mask on line 15.
0:Event request from Line 15 is masked

1:Event request from Line 15 is not masked

14

EM14

RW

Event mask on line 14.
0:Event request from Line 14 is masked

1:Event request from Line 14 is not masked

13

EM13

RW

Event mask on line 13.
0:Event request from Line 13 is masked

1:Event request from Line 13 is not masked

12

EM12

RW

Event mask on line 12.
0:Event request from Line 12 is masked

1:Event request from Line 12 is not masked

11

EM11

RW

Event mask on line 11.
0:Event request from Line 11 is masked

1:Event request from Line 11 is not masked

10

EM10

RW

Event mask on line 10.
0:Event request from Line 10 is masked

1:Event request from Line 10 is not masked

EM9

RW

Event mask on line 9.
0:Event request from Line 9 is masked

1:Event request from Line 9 is not masked

EM8

RW

Event mask on line 8.
0:Event request from Line 8 is masked

1:Event request from Line 8 is not masked

EM7

RW

Event mask on line 7.
0:Event request from Line 7 is masked

1:Event request from Line 7 is not masked

EM6

RW

Event mask on line 6.
0:Event request from Line 6 is masked

1:Event request from Line 6 is not masked

EMS5

RW

Event mask on line 5.

0:Event request from Line 5 is masked
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Bit

Name

R/W

Reset Value

Function

1:Event request from Line 5 is not masked

EM4

RW

Event mask on line 4.
0:Event request from Line 4 is masked

1:Event request from Line 4 is not masked

EM3

RW

Event mask on line 3.
0:Event request from Line 3 is masked

1:Event request from Line 3 is not masked

EM2

RW

Event mask on line 2.
0:Event request from Line 2 is masked

1:Event request from Line 2 is not masked

EM1

RW

Event mask on line 1.
0:Event request from Line 1 is masked

1:Event request from Line 1 is not masked

EMO

RW

Event mask on line 0.
0:Event request from Line 0 is masked

1:Event request from Line O is not masked
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13. Cyclic redundancy check calculation unit

(CRC)

13.1. Introduction
The CRC (cyclic redundancy check) calculation unit is used to get a CRC code from 32-bit data word
and a generator polynomial.

13.2. CRC main features

A The default polynomial value is the CRC-32 (Ethernet) polynomial:0x4C11DB?7.
X32 + X26 + X23 +X22 +X16 + X12 + Xll + XlO +X8 + X7 + X5+ X4 + XZ + X +1

p)

Supports 32-bit data input

>

Single input/output 32-bit data register

A General-purpose 8-bit register (can be used for temporary storage)

A CRC computation done in 4 AHB clock cycles (HCLK) for the 32-bit data size

Note:Since the calculation time of CRC is 4 AHB clocks, for the correctness of the calculation, it is
necessary to write data at an interval of 4 AHB clocks. Continuous writing of data using DMA is not

recommended.

13.3. CRC functional description

13.3.1. CRC block diagram

< 32-bit AHB bus >
N\ N\
N /32-bit(read access
crc_hclk
—— Data registefOutput)

i

CRC computation

Lot

Data registefinput)

32-bit(write accesy

FigadrleCRC calculation unit block diagram

The CRC calculation unit has a single 32-bit data register (CRC_DR).
A When writing to this register, it serves as an input register, allowing you to input new data for

CRC calculation.
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13.4.

A When reading from this register, it returns the result of the previous CRC calculation.

Each time data is written to the register, the calculation result is a combination of the previous CRC

calculation result and the new one (CRC calculation is performed on the entire 32-bit word rather
than byte by byte).

Support configuration of the initial CRC value

You can reset the register CRC_DR to OXFFFFFFFF by setting the RESET bit in the register

CRC_CR. This operation does not affect the data in the register CRC_IDR

CRC registers

13.4.1. CRC data register (CRC_DR)

Address offset:0x00
Reset value:0xFFFF FFFF

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DR [31:16]
RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DR [15:0]
RW
Bit Name R/W Reset Value Function
Data register.
31.0 DR RW OXFFFF FFFF This register is used to write new data to the CRC calculator
It holds the previous CRC calculation result when it is read.

13.4.2. CRC independent data register (CRC_IDR)

Address offset:0x04

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res Res Res Res Res Res Res Res IDR [7:0]
Bi Na me R/ W| Reset V Functi on
318 Reser veoq - - Reserved
Gener al phuirtp odeagtia® t er bi t s .
7:0 | DR:O] 7 RW 0 These bits can be used as a
for four bytes.
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B i Name R/ W| Reset V Functi on
This register is not affect
the RESET bit in the CRC_CRH
NotTehi s register does not p;
and can ystdoartea.an
13.4.3. CRC control register (CRC_CR)
Address offset:0x08
Reset value:0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | RESET
- - - - - - - - - - - - = - - W
Bit Name R/W Reset Value Function
311 Reserved - - Reserved
This bit is set by software to reset the CRC calculation unit
0 RESET w 0 The software can only write 1, which is cleared by the
hardware.
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14.

14.1.

14.2.

Analog-to-digital converters (ADC)

Introduction

The 12-bit ADC is a successive approximation analog-to-digital converter. It has up to 21 multiplexed

channels allowing it to measure signals from 16 external and 5 internal sources. A/D conversion of the

various channels can be performed in single, continuous, scan or discontinuous mode. The result of

the ADC is stored in a left-aligned or right-aligned 16-bit data register.

The analog watchdog feature allows the application to detect if the input voltage goes outside the user-

defined higher or lower thresholds.

ADC main features

A High performance

p>3

>

>

>

>

12-bit, 10-bit, 8-bit or 6-bit configurable resolution
ADC conversiontime:1 ¢ s -i@ (11M&ps)
Self-calibration

Programmable sampling time

Programmable data alignment mode

DMA support

Analog input channels
i
i
i
[
[

16 external analog inputs

1 channel for internal temperature sensor (Tsensor)
1 channel for internal reference voltage (VrerinT)

1 internal reference voltage input channel (Vrersur)

2 internal OPA input voltage channels

Start-of-conversion can be initiated
i
i

By software
By hardware triggers (TIM1, TIM2, TIM3, TIM15, or GPIO)

Conversion modes

Single shot mode:a single channel can be converted
Scan mode:can scan a sequence of channels

Continuous mode:converts selected inputs continuously

Discontinuous mode:each trigger to convert subsequence channels, multiple triggers until

the complete sequence is converted

Interrupt generation
[
[

End of conversion

Analog watchdog

Analog watchdog
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14.3. ADC functional description

14.3.1. ADC block diagram

Tnterrupt
Flags enable hit

End of p| EOC EOCIE \ ADC Interrupt to NVIC
»
>

End of injected COHV@TS\OL JEOC JEOCIE

Analog watchd o | AWD awpe
nalog watchdog eve,

| OVER OVERIE _/

Analog watchdog
Compare Resulﬁ
High Thresholf 2bits)

Low Threshol(L2bits)

VSS

> Injected data registers \ APB
(4x16bits) \ BUS

1
> Regular data registers
(16bits)

ADCXINO —
ADCxINL GPIO [ DMA request
: Ports Up tod "
.|| Injected
ADCxIN15 | channels

ﬂ\;.m» A Analog to digital

T Up tal6 - Regular |converter
OPR channels
A

JEXTSEL0] bits
TIML_TRGO¢
TML CHE |

TIM2_TRGO
TT%L EXTRI
EXTI15 I

TS TREO Start trigger
P | (injected group

EXTSER0] bits
macn N ,
ML CER | it
OMLCE ||

TIMB_TRGO)] Start trigger
TIMI5 TRGQ | (regular grou

EXT_lllEIJ:—

Fi gadleADC bl ock diagram

14.3.2. Calibration

The ADC has a calibration feature. During the procedure, the ADC calculates a calibration factor which
is internally applied to the ADC until the next ADC power-off (lost after the ADC is powered down).
The application cannot use the ADC module during the ADC calibration and until the calibration is
complete.

Calibration is preliminary to any ADC operation. It removes the offset error which may vary from chip
to chip due to process.

The software sets ADC_CR2.CAL =1 to start the calibration. The calibration can only be started when
the ADC is not enabled (ADC_CR2.ADON = 0), and only the system clock is supported as the clock
of the ADC. When the calibration is complete, the CAL is cleared to 0 by the hardware.

When the operating conditions of the ADC change (Vcca change is the main factor of ADC offset shift,

followed by temperature change), it is recommended to perform a recalibration operation.

Software procedure to calibrate the ADC:
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A Confirm ADON =0

A SetCAL=1
A Wait until CAL=0
CLK [ 1 [ 1 [ 1 [ 1 [ 1 [ [ 1
CAL / \
ADC conv s;fart normal conv

Fi gu42ADC calibration timing diagram

14.3.3. ADC on-off control

The ADC can be powered-on by setting the ADON bit in the ADC_CR2 register. When the ADON bit

is set for the first time, it wakes up the ADC from power down mode.
After the ADC power-on delay for a period of time (tstas, not | ess than 1legs), the

The conversion can be stopped, and the ADC put in power down mode by resetting the ADON bit.

The conversion can be stopped by clearing the ADON bit and the ADC is put in power-down mode.

14.3.4. ADC clock

The ADCCLK clock provided by the clock controller is synchronous with the PCLK (APB clock). The
RCC controller (CLK controller) provides a dedicated programmable prescaler for the ADC clock, and
the ADCCLK clock division is detailed in RCC_CR.ADC_DIV [22:21].

14.3.5. Configuring the ADC
The ADC_CRx (x =1, 2), ADC_SMPRx (x=1, 2, 3), ADC_SQRx (x=1, 2, 3), ADC_JQR, ADC_HTR,
and ADC_LTR registers must be rewritten by the software during the ADC no transition period.
14.3.6. Channel selection
There are 16 external channels and 5 internal channels, of which the internal channels are:

A Temperature sensor/Vrerint internal channel
The temperature sensor is connected to the channel ADC_IN23, and the internal reference voltage
VrerinT iS connected to ADC_IN17.

A Vce/3

Vceal3 is connected to channel ADC_IN18.

A OPA

OPAL1_VIN is connected to channel ADC_IN21, OPA2_VIN is connected to channel ADC_IN22.
Conversions can be organized into two groups:regular groups and injected groups. A group consists

of a sequence of conversions which can be done on any channel and in any order. For instance, it is

possible to do the conversion in the following order:Ch3, Ch8, Ch2, Ch2, Ch0, Ch2, Ch2, Ch15.
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14.3.7.

14.3.8.

14.3.9.

The regular group is composed of up to 16 conversions. The regular channels and their order in the
conversion sequence must be selected in the ADC_SQRX registers. The total number of conversions

in the regular group must be written in the L [3:0] bits in the ADC_SQR1 register.

The injected group is composed of up to 4 conversions. The injected channels and their order in the
conversion sequence must be selected in the ADC_JSQR register. The total number of conversions
in the injected group must be written in the JL [1:0] bits in the ADC_JSQR register.

If the ADC_SQRx or ADC_JSQR registers are modified during a conversion, the current conversion is

reset and a new start pulse is sent to the ADC to convert the new chosen group.

Programmable sampling time
The ADC samples the input voltage using several ADC_CLK cycles, and the number of sampling
cycles can be changed by SMP [2:0] bits in the ADC_SMPR1, ADC_SMPR2, and ADC_SMPR3 reg-
isters. Each channel may be sampled separately at a different time.
The total conversion time is calculated as follows:

tconv = sampling time + 12.5 cycles (RESSEL = 00B)
For example:

When fabc = 16 MHz, sampling time is 3.5 cycles
tcowv= 3.5 + 12.5 = 16 Cycle = 1 ¢s

Configurable resolution

Fast conversion can be performed by reducing the ADC resolution. The RESSEL bit of the ADC_CR1
register is used to select the number of bits available in the data register. The minimum conversion

time for each resolution is as follows:

A 12 bits:3.5 + 12.5 = 16 ADCCLK cycles
A 10 bits:3.5 + 10.5 = 14 ADCCLK cycles
A 8-bit:3.5 + 8.5 = 12 ADCCLK cycles

A 6bits:3.5 + 6.5 = 10 ADCCLK cycles

Single conversion mode

In Single conversion mode, the ADC performs once all the conversions of the channels. When EX-
TTRIG/JEXTTRIG is enabled, an external event (e.g., timer capture, EXTI interrupt, software trigger)

triggers a start conversion (for regular or injected channels), at which time the CONT bit is 0.
Once the conversion of the selected channel is complete:

A If aregular channel was converted:
I The converted data is stored in the 16-bit ADC_DR register
i The EOC (end of conversion) flag is set
i Aninterrupt is generated if EOCIE is set.
A If an injected channel is converted:
I The converted data is stored in the 16-bit ADC_JDRX register

I The JEOC (end of conversion injected) flag is set
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14.3.10.

14.3.11.

14.3.12.

14.3.12.1

I Aninterrupt is generated if the JEOCIE bit is set.
Then the ADC stops.

Continuous conversion mode

In continuous conversion mode ADC starts another conversion as soon as it finishes one. When EX-
TTRIG/JEXTTRIG is enabled, an external event (e.g. timer catch, EXTI interrupt, software trigger)
triggers a start transition (for regular channels; injected channels behave as a single transition mode),
at which time the CONT bit is 1.

After each conversion:

A If aregular channel was converted:
i The converted data is stored in the 16-bit ADC_DR register
i The EOC (end of conversion) flag is set
i Aninterrupt is generated if EOCIE is set.
A If an injected channel is converted:
I The EOC (end of conversion) flag is set
I The converted data is stored in the 16-bit ADC_JDRX register
I The JEOC (end of conversion injected) flag is set

i Aninterrupt is generated if the JEOCIE bit is set.

Scan mode

This mode is used to scan a group of analog channels

Scan mode can be selected by setting the SCAN bit in the ADC_CRL1 register. Once this bit is set,
ADC scans all the channels selected in the ADC_SQRX registers (for regular channels) or in the
ADC_JSQR (for injected channels). A single conversion is performed for each channel of the group.
After each end of conversion, the next channel of the group is converted automatically. If the CONT
bit is set, conversion does not stop at the last selected group channel but continues again from the
first selected group channel.

If the DMA bit is set, the DMA controller transfers the translation data of the rule group channel to the

SRAM. The injected channel converted data is always stored in the ADC_JDRX registers.

Discontinuous mode

. Regular group

This mode is enabled by setting the DISCEN bit in the ADC_CRL1 register. It can be used to convert a
short sequence of n conversions (nv 8) which is a part of the sequence of conversions selected in the
ADC_SQRXx registers. The value of n is specified by writing to the DISCNUM [2:0] bits in the ADC_CR1
register.

When an external trigger occurs, it starts the next n conversions selected in the ADC_SQRX registers
until all the conversions in the sequence are done. The total sequence length is defined by the L [3:0]

bits in the ADC_SQRL1 register.

Examples:
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n = 3, channels to be converted =0, 1, 2, 3,6, 7, 9, 10

First trigger:the sequence converted 0, 1, 2

Second trigger:the sequence converted 3, 6, 7

Third trigger:the sequence converted 9, 10. An EOC event is generated.
Fourth trigger:the sequence converted 0, 1, 2

Note:When a regular group is converted in discontinuous mode, no rollover will occur.

When all sub groups are converted, the next trigger starts conversion of the first sub-group. In the

example above, the fourth trigger reconverts the first sub-group channels 0, 1 and 2.

14.3.12.2. Injected group

This mode is enabled by setting the JDISCEN bit in the ADC_CRL1 register. It can be used to convert
the sequence selected in the ADC_JSQR register, channel by channel, after an external trigger event.

When an external trigger occurs, it starts the next channel conversions selected in the ADC_JSQR
registers until all the conversions in the sequence are done.

The total sequence length is defined by the JL [1:0] bits in the ADC_JSQR register.

Example:

n =1, channels to be converted = 1, 2, 3

First trigger:Channel 1 converted

Second trigger:Channel 2 converted

Third trigger:Channel 3 converted and EOC and JEOC events generated

Fourth trigger:Channel 1 converted

Note:When all injected channels are converted, the next trigger starts the conversion of the first in-

jected channel. In the example above, the fourth trigger reconverts the first injected channel 1.

It is not possible to use both auto-injected and discontinuous modes simultaneously.

14.3.13. Injected channel management

The external trigger of the injected channel has a higher priority than the external trigger of the regular
channel, that is, the external trigger of the injected channel can interrupt the ongoing regular channel

transition. There are two ways to inject the channel:triggered injection and auto-injection.

14.3.13.1. Triggered injection

To use triggered injection, the JAUTO bit must be cleared and SCAN bit must be set in the
ADC_CR1 register.

A Start conversion of a group of regular channels either by external trigger or by setting the ADON
bit in the ADC_CR2 register.

A If an external injected trigger occurs during the regular group channel conversion, the current
conversion is reset and the injected channel sequence is converted in single scan mode.
A Then, the regular group channel conversion is resumed from the last interrupted regular conver-

sion. Ifaregular eventoccursdur i ng an injected conversion,

sequence is executed at the end of the injected sequence.
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A Discontinuous mode does not support triggered injection. Regular triggers during trigger injec-
tion are non-responsive.

Note:When using triggered injection, the interval between trigger events must be longer than the in-

jection sequence. For instance, if the sequence length is 28 ADC clock cycles (that is two conversions

with a 1.5 clock-period sampling time), the minimum interval between triggers must be 29 ADC clock

cycles.

14.3.13.2. Auto-injection

If the JAUTO bit is set, then the injected group channels are automatically converted after the regular
group channels. This can be used to convert a sequence of up to 20 conversions programmed in the
ADC_SQRx and ADC_JSQR registers.

In this mode, external trigger on injected channels must be disabled.

If the CONT bit is also set in addition to the JAUTO bit, regular channels followed by injected channels
are continuously converted.

Note:lt is not possible to use both auto-injected and discontinuous modes simultaneously.

14.3.14. Stopping an ongoing conversion (ADSTP)

The software can decide to stop any ongoing conversions by setting ADSTP=1 in the ADC_CR1 reg-

ister. This will reset the ADC operation and the ADC will be idle, ready for a new operation.

When the ADSTP bit is set by software, any ongoing conversion is aborted and the result is discarded

(ADC_DR register is not updated with the current conversion).

The scan sequence is also aborted and reset (meaning that restarting the ADC would restart a new

sequence).

Once this procedure is complete, the ADSTP and SWSTART bits are both cleared by hardware.

setby S 7 cleared by SW
pon Y >k g Y
set byiSW i cleared by HW
SWSTART y_ﬁ
State OFF | Start X Smpling Ckh) Y Converting ) OFF

ADSTP Kj

ADCDR DATA NL

Fi gd43Stop timing

14.3.15. Analog watchdog

The AWD analog watchdog status bit is set if the analog voltage converted by the ADC is below a
lower threshold or above a higher threshold. These thresholds are programmed in the 12 least signif-
icant bits of the ADC_HTR and ADC_LTR registers. An interrupt can be enabled by using the AWDIE
bit in the ADC_CRL1 register.
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The threshold value is independent of the alignment selected by the ALIGN bit in the ADC_CR2 reg-
ister. The threshold comparison is done before the alignment (before the injection channel is sub-

tracted from the offset value).

The analog watchdog can be enabled on one or more channels by configuring the ADC_CR1 register

as shown in the table below:

Analog voltagé
Higher threshold HTR
Guarded area
Lower threshold LTR

Fi g d44eAnalogwat chdog guarded ar ea

Tabl#d4Anal og watchdog channel selection

Channels to be guarded by ADC_CR1 register control bits

analog watchdog AWDSGL AWDEN JAWDEN
None X 0 0

All injected channels 0 0 1

All regular channels 0 1 0

All injected and regular channels 0 1 1
Single injected channel 1 0 1
Single regular channel 1 1 0
Single injected or regular channel 1 1 1

14.3.16. Conversion on external trigger

Conversion can be triggered by an external event (e.g. timer capture, EXTI line). If the EXTTRIG or
JEXTTRIG control bit is set, then external events are able to trigger a conversion. The EXTSEL [2:0]
and JEXTSEL [2:0] control bits allow the application to select which out of 8 possible events can trig-

ger conversion for the regular and injected groups.

Note:When an external trigger is selected for ADC regular or injected conversion, only the rising edge

of the signal can start the conversion.

The table below gives possible external triggers for the conversion. Software source trigger events can

be generated by setting the ADSTART bit in the ADC_CR register.

Tabl&£ADC for external triggering of regular

Source Type EXTSEL [2:0]

TIM1_CC1 event 000
Internal signal from on-chip timers

TIM1_CC2 event 001
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channel

Source Type EXTSEL [2:0]
TIM1_CC3 event 010
TIM2_TRGO event 011
TIM3_TRGO event 100
TIM15_TRGO event 101
EXTI line 11 External pin 110
SWSTART Software control bit 111
Tabl4d8External trigger fADC injected
Source Type JEXTSEL [2:0]
TIM1_TRGO event 000
TIM1_CC4 event 001
TIM2_TRGO event 010
Internal signal from on-chip timers
TIM2_CC1 event 011
TIM3_CC4 event 100
TIM15_TRGO event 101
EXTI line 15 output External pin 110
JSWSTART Software control bit 111
14.3.17. Data alignment

At the end of each conversion, the result of the converted data is stored in the ADC_DR data register

which is 16-bit wide. ALIGN bit in the ADC_CR2 register selects the alignment of data stored after

conversion. Data can be left or right aligned. The injected group channels converted data value is

decreased by the user-defined offset written in the ADC_JOFRX registers so the result can be a neg-

ative value. The SEXT bit is the extended sign value.

For regular group channels no offset is subtracted so only twelve bits are significant.

Tabl4Right alignment of data
Injected group
SEXT SEXT SEXT SEXT D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
Regular group
0 0 0 0 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
Tabl4élLeft alignment of dat a
Injected group
SEXT D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 0 0 0
Regular group
D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 Do 0 0 0 0
14.3.18. Data overload

The overrun flag (OVER) indicates a data overrun event, when the converted data was not read in

time by the CPU or the DMA, before the data from a new conversion is available.
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14.3.109. DMA request

Since converted regular channels value are stored in a unique data register, it is necessary to use
DMA for conversion of more than one regular channel. This avoids the loss of data already stored in
the ADC_DR register.

Only the end of conversion of a regular channel generates a DMA request, which allows the transfer

of its converted data from the ADC_DR register to the destination location selected by the user.

14.3.20. Temperature sensor and internal reference voltage

The temperature sensor can be used to measure the ambient temperature (Ta) of the device. The
temperature sensor is internally connected to the ADCx_IN23 input channel which is used to convert
the sensor output voltage into a digital value. The recommended sampling time for the temperature

sensor is 17.1 Ps. When not in use, the sensor can be put in power down mode.

The temperature sensor output voltage changes linearly with temperature. The offset of this line varies
from chip to chip due to process variations (up to 45T from one chip to another). The in ternal temper-
ature sensor is more suited to applications that detect temperature variations instead of absolute tem-
peratures. If accurate temperature readings are needed, an external temperature sensor part should

be used.

Note:The TSVREFE bit must be set to enable both internal channels:ADC_IN23 (temperature sen-

sor) and ADC_IN17 (VrerinT) CONversion.

TSVREFE control bit

Y
Vsense
Temperature » ADC_IN23
"] APB
ADC BUS
Internal power VREFINT ol
G » ADC_IN17

Figure 14-5 Temperature sensor channel block diagram
Reading the temperature

To use the sensor:

1. Select the ADC_IN23 input channel

2. Select a sampling time that is greater than the minimum sampling time (SMP23) specified in the
datasheet.

3. Set the TSVREFE bit in the ADC_CR?2 register to wake up the temperture sensor from power
down mode.

4. Start the ADC conversion by setting the ADON bit (or by external trigger).

5. Read the resulting VSENSE data in the ADC data register
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6. Calculate the temperature using the following formula:
Temperature (T) = {(V sense-V30)/Avg_Slope} + 30 €
with:

V30 = Vsense value at 30 €
Avg_Slope = Average Slope for curve between Temperature vs. Vsense (given in mV/°C or v/ T).

(For information on actual values of V30 and Avg_Slope, see the Electrical Characteristics section in
the datasheet.)

Note:The sensor has a startup time after waking from power down mode before it can output Vsense
at the correct level. The ADC also has a startup time after power-on, so to minimize the delay, the
ADON and TSVREFE bits should be set at the same time.

14.4. ADC interrupts
An interrupt can be produced on end of conversion for regular and injected groups and when the an-
alog watchdog status bit is set. An interrupt can also be generated when the regular group transition
data is not read in time. Separate interrupt enable bits are available for flexibility.
Two other flags are present in the ADC_SR register, but there is no interrupt associated with them:
A JSTRT (Start of conversion for injected group channels)
A STRT (Start of conversion for regular group channels)
Tabl4ADC interrupts
Interrupt event Event flag Enable control bit
End of conversion regular group EOC EOCIE
End of conversion injected group JEOC JEOCIE
Analog watchdog status bit is set AWD AWDIE
Overrun flag OVER OVERIE
14.5. ADC registers
14.5.1. ADC status register (ADC_SR)
Address offset:0x00
Reset value:0x0000 0000
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24 | 23 | 22 21 20 19 18 17 16
Res
15 | 14 | 13 | 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 0
Res OVER | STRT | JSTRT | JEOC EOC AWD
RC RC_WO0 | RC_WO0 | RC_W0 | RC_WO0 | RC_WO0
Bit Name R/W Reset Value Function
316 Reserved - - Reserved
5 OVER RC 0 ADC overrun
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Bit

Name

R/W

Reset Value

Function

This bit is set by hardware when an overrun occurs. When the EOC
flag is set, a new conversion has been completed.

0:No overrun occurred (DMA or CPU has read the last conversion
result)

1:0verrun has occurred

STRT

RC_WO

Regular channel Start flag

This bit is set by hardware when regular channel conversion starts.
It is cleared by software.

0:No regular channel conversion started

1:Regular channel conversion has started

JSTRT

RC_WO

Injected channel Start flag

This bit is set by hardware when injected channel group conversion
starts. It is cleared by software.

0:No injected group conversion started

l:injected group conversion has started

JEOC

RC_WO

Injected channel end of conversion

This bit is set by hardware at the end of all injected group channel
conversion. It is cleared by software.

0:Conversion is not complete

1:Conversion complete

EOC

RC_WO

End of conversion

This bit is set by hardware at the end of a group channel conversion
(regular or injected). It is cleared by software or by reading the
ADC_DR.

0:Conversion is not complete

1:Conversion complete

AWD

RC_WO

Analog watchdog flag

This bit is set by hardware when the converted voltage crosses the
values programmed in the ADC_LTR and ADC_HTR registers. It is
cleared by software.

0:No Analog watchdog event occurred

1:Analog watchdog event occurred

14.5.2. ADC control register 1 (ADC_CR1)
Address offset:0x04
Reset value:0x0000 0000
31 | 30 29 28 27 26 25 24 23 22 21 20 | 19 | 18 17 16
AD- AWD | JAWD
Res OVRIE | Res Res | RESSEL [1:0] Res
STP EN EN
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RW -

RC_W

RW

RW RwW -

15 14

13 12

11 10

DISCNUM [2:0]

JDIS

CEN

DIS- JAU

CEN TO

AWD

SGL

SCA

JEO
AWDIE | EOCIE AWDCH [4:0]
CIE

RW

RW

RW RW

RW

RW

RW RW RW RW

Bit

Name

R/W

Reset Value

Function

31:30

Reserved

Reserved

29

OVRIE

RW

OVER FLAG interrupt enable
0:overload interrupt disabled

1:overload interrupt enabled

28

Reserved

Reserved

27

ADSTP

RC_W1

ADC stop conversion enabled. This bit is set by software.
When the ADC stop signal is received, the hardware sets O.
1:Stop ADC conversion

0:ADC conversion is not stopped

26

Reserved

Reserved

25:24

RESSEL [1:0]

RW

Resolution control bit. These bits are written by software to
select the resolution of the conversion.

00:12 bits (16 ADCCLK cycles)

01:10 bit (14 ADCCLK cycles)

10:8 bits (12 ADCCLK cycles)

11:6 bits (10 ADCCLK cycles)

23

AWDEN

RW

Analog watchdog enable on regular channels

Turn on the simulated watchdog on the regular channel.
This bit is set/reset by software.

0:Analog watchdog disabled on regular channels

1:Analog watchdog enabled on injected channels

22

JAWDEN

RW

Analog watchdog enable on injected channels

Turn on the analog watchdog on the injection channel. This
bit is set/reset by software.

0:Analog watchdog disabled on injected channels

1:Analog watchdog enabled on injected channels

21:16

Reserved

Reserved

15:13

DISCNUM [2:0]

RW

Discontinuous mode channel count
These bits are written by software to define the number of
regular channels to be converted in discontinuous mode, af-

ter receiving an external trigger.

These bits are set by software.
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Bit Name R/W Reset Value Function

000:1 channel
001:2 channels
éé

111:8 channels

Discontinuous mode on injected channels.

This bit set and cleared by software to enable/disable dis-
12 JDISCEN RW 0 continuous mode on injected group channels
0:Discontinuous mode on injected channels disabled

1:Discontinuous mode on injected channels enabled

Discontinuous mode on regular channels

This bit set and cleared by software to enable/disable dis-
11 DISCEN RW 0 continuous mode on regular channels.

0:Discontinuous mode on regular channels disabled

1:Discontinuous mode on regular channels enabled

Automatic injected group conversion

This bit set and cleared by software to enable/disable auto-
matic injected group conversion after regular group conver-
10 JAUTO RW 0
sion.

0:Automatic injected group conversion disabled

1:Automatic injected group conversion enabled

Enable the watchdog on a single channel

This bit set and cleared by software to enable/disable the
analog watchdog on the channel identified by the AWDCH
9 AWDSGL RW 0
[4:0] bits.

0:Analog watchdog enabled on all channels

1:Analog watchdog enabled on a single channel

Scan mode

This bit is set and cleared by software to enable/disable
Scan mode. In Scan mode, the inputs selected through the
8 SCAN RW 0
ADC_SQRx or ADC_JSQRX registers are converted.
0:scan mode disabled

1:scan mode enabled

Interrupt enable for injected channels

This bit is set/reset by software. After this bit is enabled, an
7 JEOCIE RW 0 interrupt request is generated when JEOC is valid.
0:JEOC interrupt disabled

1:JEOC interrupt enabled

6 AWDIE RW 0 Analog watchdog interrupt enable
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Bit Name R/W Reset Value

Function

This bit is set/reset by software. This bit is set and cleared
by software to enable/disable the analog watchdog inter-
rupt.

0:Analog watchdog interrupt disabled

1:Analog watchdog interrupt enabled

5 EOCIE RW 0

Interrupt enable for EOC

This bit is set/reset by software. After this bit iS enabled, an
interrupt request is generated when the EOC is valid.
0:EOC interrupt disabled

1:EOC interrupt enabled.

4:0 AWDCH [4:0] RW 0

Analog watchdog channel select bits

These bits are set and cleared by software. They select the
input channel to be guarded by the Analog watchdog.
00000:ADC analog input Channel 0

00001:ADC analog input Channel 1

éé

01111:ADC analog input Channel 15

10000: Reserved

10001:VrerinT input

10010:Vcea/3

10011:Reserved

10100 Reserved

10101:0PA1_VIN

10110:0PA2_VIN

10111:TS_VIN input

All other numerical values are reserved.

14.5.3. ADC control register 2 (ADC_CR2)

Address offset:0x08
Reset value:0x0000 0000

31 30 | 29 | 28 27 26 25 24 23 22 21 20 19 18 17 16
VREF
Res VREFBUF_SEL Res TSVREFE SWSTART JSWSTART EXTTRIG EXTSEL [2:0] Res
BUFFERE
RW RW RW RC_W1 RC_W1 RW RW
15 14 | 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0

JEXTTRIG JEXTSEL [2:0] ALIGN Res Res DMA Res Res Res Res RSTCAL CAL CONT ADON

RW RW RC_W1 RW RW
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Bit

Name

R/W Reset Value

Function

31:28

Reserved

Reserved

27:26

VREFBUF_SEL

RW 0

VRerBUF OUtput voltage selection

00:15V

01:2.048 V

10:2.5V

11:Reserved

Note:The Trim values corresponding to each voltage are
as follows at the Flash address:

1.5V calibration value storage address:0x1FFF 302C
2.048V calibration value storage address:0x1FFF 3030
2.5V calibration value storage address:0x1FFF 3034

25

VREF BUFFERE

RW 0

VerfBuffer enable

This bit is set/reset by software
0:VerfBuffer disabled
1:VerfBuffer enabled

24

Reserved

Reserved

23

TSVREFE

RW 0

Temperature sensor and Vrerint enable

This bit is set and cleared by software to enable/disable
the temperature sensor and Vrerint channel.

Can be enabled in ADC.

0:Temperature sensor and Vrerint channel disabled

1:Temperature sensor and Vrerint channel enabled

22

SWSTART

RC_W1 0

Start conversion of regular channels

This bit is set by software to start conversion and cleared
by hardware as soon as conversion starts.

0:Reset state

1:Start converting regular channels

21

JSWSTART

RC_W1 0

Start conversion of injected channels

This bit is set by software to start conversion and cleared
by hardware as soon as conversion starts.

0:Reset state

1:Starts conversion of injected channels

20

EXTTRIG

RW 0

External trigger conversion mode for regular channels
This bit is set and cleared by software to enable/disable
the external trigger used to start conversion of a regular
channel group.

0:Conversion on external event disabled

1:Conversion on external event enabled
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Bit

Name

R/IW

Reset Value

Function

19:17

EXTSEL [2:0]

RW

External event select for regular group These bits select
the external event used to trigger the start of conversion
of a regular group:

ADC external trigger events are as follows:

000:Timer 1 CC1 event

001:Timer 1 CC2 event

010:Timer 1 CC3 event

011:Timer 2 CC2 event

100:Timer 3 TRGO event

101:trigger timerl5_TRGO event

110:EXTI11

111 SWSTART

16

Reserved

Reserved

15

JEXTTRIG

RW

External trigger conversion mode for injected channels
0:Conversion on external event disabled

1:Conversion on external event enabled

14:12

JEXTSEL [2:0]

RW

External event select for injected group
ADC external trigger events are as follows:
000:Timer 1 TRGO event

001:Timer 1 CC4 event

010:Timer 2 TRGO event

011:Timer 2 CC1 event

100:Timer 3 TRGO event

101:Timer 15 TRGO event

110:EXTI15

111:JSWSTART

11

ALIGN

RW

Data alignment control bit
This bit is set and cleared by software.
0:Right alignment

1:Left alignment

10:9

Reserved

Reserved

DMA

RW

DMA enable bit
This bit is set and cleared by software.
0:DMA mode disabled

1:DMA mode enabled

7.4

Reserved

Reserved

RSTCAL

Res

Reset calibration
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Bit Name R/W Reset Value Function
This bit is set by software and cleared by hardware. It is
cleared after the calibration registersare initialized
(RSTCAL is setto 1).
0:Calibration register initialized
1:Initialize calibration register
Note:If RSTCAL is set when conversion is ongoing, addi-
tional cycles are required to clear the calibration regis-
ters.
Calibration enable
This bit is set by software to start the calibration. It is re-
set by hardware after calibration is complete When
2 CAL RC w1 0 ADON is invalid, and SWSTART, JSWSTART are invalid;
The software initiates the calibration.
0:Calibration completed
1:Enable calibration
Continuous conversion enable
This bit is set and cleared by software. If set conversion
1 CONT RW 0 takes place continuously till this bit is reset.
0:Single conversion mode
1:Continuous conversion mode
A/D converter ON / OFF
The ADC converter is enabled. When it is set to 1, the
ADC converter wakes up. There is a delay tstas from the
time the converter is powered on to the start of conver-
sion. When set to 0, the ADC converter is in a power-
down state.
0 ADON RW 0 0:Disable ADC conversion/calibration and go to power
down mode.
1:Enable ADC and to start conversion.
Note:If any other bit in this register apart from ADON is
changed at the same time, then conversion is not trig-
gered. This is to prevent triggering an erroneous conver-
sion.

14.5.4. ADC sampling time register (ADC_SMPR)

Address offset:0x0C

Reset value:0x0000 0000

31

30

29 28

27

26

25 24

23 22 21 20 19 18 17 16

Res
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res SMP23 [2:0] SMP22 [2:0] SMP21 [2:0] SMP20 [2:0]
- RwW RW RW RW
Bit Name R/W Reset Value Function

31:12 Reserved - - Reserved
Channel x sample time selection
These bits are written by software to select the sample time indi-
vidually for each channel. During sample cycles channel selection
bits must remain unchanged.

11/0 SMPXx [2:0] RW 0
000:3.5 cycles 100:28.5 cycles
001:5.5 cycles 101:41.5 cycles
010:7.5 cycles 110:134.5 cycles
011:13.5 cycles 111:239.5 cycles

14.5.5. ADC sampling time register 2 (ADC_SMPR2)

Address offset:0x10
Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res SMP19 [2:0] SMP18 [2:0] SMP17 [2:0] SMP16 [2:0] SMP15 [2:1]
RW RW RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMP15[0] SMP14 [2:0] SMP13 [2:0] SMP12 [2:0] SMP11 [2:0] SMP10 [2:0]
RW RW RW RW RW RW
Bit Name R/W Reset Value Function
31:30 Reserved - - Reserved
Channel x sample time selection
These bits are written by software to select the sample time indi-
vidually for each channel. During sample cycles channel selection
bits must remain unchanged.
29:0 | SMPx[2:0] RW 0
000:3.5 cycles 100:28.5 cycles
001:5.5 cycles 101:41.5 cycles
010:7.5 cycles 110:134.5 cycles
011:13.5 cycles 111:239.5 cycles

14.5.6. ADC sampling time register 3 (ADC_SMPR?3)

Address offset:0x14
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Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res SMP9 [2:0] SMP8 [2:0] SMP7 [2:0] SMP6 [2:0] SMP5 [2:1]
RW RW RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMP5[0] SMP4 [2:0] SMP3 [2:0] SMP2 [2:0] SMP1 [2:0] SMPO [2:0]
RW RW RW RW RW RW
Bit Name R/W Reset Value Function
31:30 Reserved - - Reserved
Channel x sample time selection
These bits are written by software to select the sample time
individually for each channel. During sample cycles channel
selection bits must remain unchanged.
29:0 SMPx [2:0] RW 0
000:3.5 cycles 100:28.5 cycles
001:5.5 cycles 101:41.5 cycles
010:7.5 cycles 110:134.5 cycles
011:13.5 cycles 111:239.5 cycles

14.5.7. ADC injected channel data offset register x (ADC_JOFRX) (x=1..4)

Address offset:0x18-0X24
Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res JOFFSETXx [11:0]
RW | RW | RW | RW RW | RW | RW | RW RW | RW | RW RW
Bit Name R/W Reset Value Function
31:12 Reserved - - Reserved
Data offset for injected channel x
These bits define the numerical values used to subtract
11/0 JOFFSETx [11:0] RW 0 from the original converted data when the conversion is
injected into the channel. The conversion result can be
read from in the ADC_JDRX registers.

14.5.8. ADC watchdog high threshold register (ADC_HTR)

Address offset:0x28
Reset value:0x0000 OFFF
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res HTR [11:0]
RW
Bit Name R/W Reset Value Function
31:12 Reserved - - Reserved
Analog watchdog high threshold
11/0 HTR [11:0] RW OxFFF These bits are written by software to define the high
threshold for the analog watchdog.
14.5.9. ADC watchdog low threshold register (ADC_LTR)
Address offset:0x2C
Reset value:0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res LTR [11:0]
RW
Bit Name R/W Reset Value Function
31:12 Reserved - - Reserved
Analog watchdog low threshold
11/0 LTR [11:0] RW 0x000 These bits are written by software to define the low
threshold for the analog watchdog.
14.5.10. ADC regular sequence register 1 (ADC_SQR1)
Address offset:0x30
Reset value:0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res L [3:0] SQ16 [4:1]
RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SQ16[0] SQ15 [4:0] SQ14 [4:0] SQ13 [4:0]
RW RW RW RW
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Bit

Name

R/W

Reset Value

Function

31:24

Reserved

Reserved

23:20

L [3:0]

RW

Regular channel sequence length

These bits are written by software to define the total
number of conversions in the regular channel conver-
sion sequence.

0000:1 conversion

0001:2 conversions

éé

1111:16 conversions

19:15

SQ16 [4:0]

RW

These bits are written by software with the channel num-
ber (0 to 23) assigned as the 16th in the conversion se-

quence.

14:10

SQ15 [4:0]

RW

These bits are written by software with the channel num

ber (0 to 23) assigned as the 15th in the conversion se-

quence.

9:5

SQ14 [4:0]

RW

These bits are written by software with the channel num
ber (0 to 23) assigned as the 14th in the conversion se-

guence.

4.0

SQ13 [4:0]

RW

These bits are written by software with the channel num-
ber (0 to 23) assigned as the 13th in the conversion se-

quence.

14.5.11.

ADC regular sequence register 2 (ADC_SQR?2)

Address offset:0x34
Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res SQ12 [4:0] SQ11 [4:0] SQ10 [4:1]
RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SQ10[0] SQ9 [4:0] SQ8 [4:0] SQ7 [4:0]
RW RW RW RW
Bit Name R/W Reset Value Function
31:30 Reserved - - Reserved
These bits are written by software with the channel num-
29:25 SQ12 [4:0] RW 0 ber (0 to 23) assigned as the 12th in the conversion se-
quence.
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These bits are written by software with the channel num-
24:20 SQ11 [4:0] RW 0 ber (0 to 23) assigned as the 11th in the conversion se-

guence.

These bits are written by software with the channel num-
19:15 SQ10 [4:0] RW 0 ber (0 to 23) assigned as the 10th in the conversion se-

guence.

These bits are written by software with the channel num-
14:10 SQ9 [4:0] RW 0 ber (0 to 23) assigned as the 9th in the conversion se-

guence.

These bits are written by software with the channel num-
9:5 SQ8 [4:0] RW 0 ber (0 to 23) assigned as the 8th in the conversion se-

guence.

These bits are written by software with the channel num-

4.0 SQ7 [4:0] RW 0 ber (0 to 23) assigned as the 7th in the conversion se-
quence.
14.5.12. ADC regular sequence register 3 (ADC_SQR?3)

Address offset:0x38
Reset value:0x0000 0000

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

Res SQ6 [4:0] SQ5 [4:0] SQ4 [4:1]
RwW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SQ4[0] SQ3[4:0] SQ2[4:0] SQ1 [4:0]

RW RW RW RW

Bit Name R/W Reset Value Function
31:30 Reserved - - Reserved

These bits are written by software with the channel num-
29:25 SQ6 [4:0] RW 0 ber (0 to 23) assigned as the 6th in the conversion se-

quence.

These bits are written by software with the channel num-
24:20 SQ5 [4:0] RW 0 ber (0 to 23) assigned as the 5th in the conversion se-

quence.

These bits are written by software with the channel num-
19:15 SQ4 [4:0] RW 0 ber (0 to 23) assigned as the 4th in the conversion se-

quence.

These bits are written by software with the channel num-
14:10 SQ3 [4:0] RW 0 ber (0 to 23) assigned as the 3rd in the conversion se-

quence.
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These bits are written by software with the channel num-

9:5 SQ2 [4:0] RW 0 ber (0 to 23) assigned as the 2nd in the conversion se-
quence.
These bits are written by software with the channel num-
4:0 SQ1 [4:0] RW 0 ber (0 to 23) assigned as the 1st in the conversion se-
quence.
14.5.13. ADC injected sequence register (ADC_JSQR)

Address offset:0x3C
Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res JL [1:0] JSQ4 [4:1]
- RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
JSQ4[0] JSQ3 [4:0] JSQ2 [4:0] JSQ1 [4:0]
RW RW RW RW
Bit Name R/W Reset Value Function
31:22 Reserved - - Reserved
Injected sequence length
These bits are written by software to define the total
number of conversions in the injected channel conver-
sion sequence.
21:20 JL [1:0] RW 0
00:1 conversion
01:2 conversions
10:3 conversions
11:4 conversions
fourth conversion in injected sequence
These bits are written by software with the channel num-
ber (0 to 23) assigned as the fourth in the sequence to
be converted.
Note:Unlike a regular conversion sequence, if JL [1:0]
19:15 JSQ4 [4:0] RW 0
length is less than four, the channels are converted in a
sequence starting from (4-JL).
Example:ADC_JSQR[21:0] = 1000011 00011 00111
00010 means that a scan conversion will convert the fol-
lowing channel sequence:7, 3, 3. (not 2, 7, 3)
14:10 JSQ3 [4:0] RW 0 third conversion in injected sequence
9:5 JSQ2 [4:0] RW 0 second conversion in injected sequence
4:0 JSQ1 [4:0] RW 0 first conversion in injected sequence
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14.5.14.

ADC injected data register x (ADC_JDRX) (x=1..4)

Address offset:0x40-4C
Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res
il5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
JDATA [15:0]
R
Bit Name R/W Reset Value Function
31:16 Reserved - - Reserved
Injected data
The software can read the values of these bits. These
15:0 JDATA [15:0] R 0
bits are read only. They contain the conversion result
from injected channel x. The data is left or right-aligned.
14.5.15. ADC regular data register (ADC_DR)

Address offset:0x50
Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DATA [15:0]
R
Bit Name R/W Reset Value Function
31:16 Reserved - - Reserved
Regular data
The software can read the values of these bits. These
15:0 DATA [15:0] R 0
bits are read only. They contain the conversion result
from regular channel x. The data is left or right aligned
14.5.16. ADC calibration configuration and status register (ADC_CCSR)

Address offset:0x54
Reset value:0x0000 0000

31 29 28 27 26 | 25 | 24 | 23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
CALON. | CAPSUC OFFSUC Res
R RC_W1 RC_W1
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15

14

13

12

11 10 | 9 8 7 6 5 4 3 2 1 0

CALSET

CALBYP

CALSMP [1:0]

CALSEL Res

RC_W1

RC_W1

RW

RW -

Bit

Name

R/W

Reset Value

Function

31

CALON

Calibration flag, indicating that ADC calibration is in progress.
1:ADC calibration in progress
0:ADC calibration has ended or ADC calibration has not

started

30

CAPSUC

RC_W1

Capacitance calibration status bit.

Indicates whether the ADC capacitance calibration is success-
ful. Hardware set 1; The software writes 1 and sets 0O;

CALON =0, CALSEL =0, CALSUC = L:Invalid status

CALON =0, CALSEL =0, CALSUC = 0:CAPs calibration is not
performed

CALON =0, CALSEL =1, CALSUC = 1:ADC CAPs calibration
successful

CALON =0, CALSEL =1, CALSUC = 0:ADC CAPs calibration
failed

29

OFFSUC

RC_W1

Offset calibration status bit.

Indicates whether the ADC offset calibration was successful.
Hardware set 1; The software writes 1 and sets 0;

CALON =0, CALSEL =0, OFFSUC = 0:ADC OFFSET calibra-
tion failed

CALON =0, CALSEL =0, OFFSUC = 1:ADC OFFSET calibra-
tion successful

CALON =0, CALSEL =1, OFFSUC = 1:ADC OFFSET calibra-
tion successful

CALON =0, CALSEL =1, OFFSUC = 0:ADC OFFSET calibra-

tion failed

28:16

Reserved

Reserved

15

CALSET

RC_W1

Calibration factor selection. When CAL is 0, the software
writes 1 to 1. When CAL is valid or injection/regular channel
SWSTART, JWSTART is valid, the hardware sets 0.

1:Set CAL_CXIN data as final calibration data

0:Close the path from CAL_CXIN to CAL_CXOUT, and select

the result generated internally by the calibration circuit.

14

CALBYP

RC_W1

Calibration factor bypass. When CAL is 0, the software writes

1to 1. When CAL is valid or injection/regular channel

SWSTART, JWSTART is valid, the hardware sets 0.
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Bit

Name

R/W

Reset Value

Function

1:The calibration result is the reset value
0:The calibration result is a self-calibration result or a calibra-

tion factor input value

13:12

CALSMP [1:0]

RW

Calibration sample time selection

Configure the number of clock cycles in the calibration sam-
pling phase based on the following information:

00:1 ADC clock cycle

01:2 ADC clock cycles

10:4 ADC clock cycles

11:8 ADC clock cycles

The longer the SMP is configured during calibration, the more
accurate the calibration result is, but this configuration will

bring the problem of extended calibration period

11

CALSEL

RW

Calibration content selection bit, used to select the content to
be calibrated

1:Calibration OFFSET and Linearity

0:Calibration OFFSET only

10:0

Reserved

Reserved
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15.

15.1.

15.2.

Liquid crystal display (LCD) controller

Introduction

The LCD controller is a digital controller/driver for monochrome passive liquid crystal displays (LCD),
with up to 8 common terminals (COM) and 40 segment terminals (SEG) to drive 160 (4*40) or 288
(8*32) LCD pixels. The exact number of terminals depends on the device pins described in the data
manual. The LCD is composed of several segments (pixels or symbols), which can all be lit or off.
Each segment contains a layer of liquid crystal molecules aligned between the two electrodes. When
a voltage above the threshold voltage is applied to the liquid crystal, the corresponding segment is
visible. The segment voltage must be AC to avoid electrophoretic effects in the liquid crystal (which

will affect the display effect). After that, waveforms must be generated across the section to avoid DC.

Glossary

>

Liquid crystal display (LCD):A passive display panel with terminals leading directly to the section.

A Common (COM):A common electrical connection terminal connected to multiple sections.

A BIAS:The level used when driving the LCD, defined as 1/ (the voltage level of driving the LCD
display-1).

A Segment (SEG):The smallest visual unit (the smallest constituent element, line or point on an
LCD display).

A DUTY cycle (DUTY):1/The number of common terminals on the LCD display.

A Frame:A period of the waveform of the written segment.

A Frame rate:frames per second, i.e., the number of times the LCD segment is excited per second.

LCD main features

A Highly flexible frame rate control
A Supports static,1/4, 1/6, and 1/8 duty cycles.
A Supports 1/2, 1/3 bias voltage.
A Upto 16 registers LCD data RAM
A By software configuration of LCD contrast
A 2 kinds of waveform generation
i Internal resistance divider, external resistance divider
i By way of internal resistance of the software configuration partial pressure power consump-
tion, so as to match the capacitance charge needed for the LCD panel
A Support low power consumption mode:LCD controller can display in Run, Sleep and Stop
modes.
A Configurable frame interrupts.
A Support LCD flashing function and configuration of multiple flicker frequency configuration
A Unused LCD segments and public pin can be configured to digital or analog functions
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15.3. LCD block diagram

S T T T T T T T T T T ~ / )
/" Digital logic \ | Analog |
___________ N— | | logic
] o Ctrl logic I |
LS lisc | | | :
| T | | |
| LSE —— ] ! I I I |
| o | | |
:\ RCC SEL /E : : E : ﬁ [
“““““““ | IS 1A |
: ™ = ™™ |
| CLEL Y
X
| || @ | I
: J A I | |
PCLK EEE—— | v : : |
I
DMA_WR_REQ €*— : Recg)]tigtte(;rs Handshake : : |
I
I A I
DMA_ACK ————> | | : :
| LCD_RAM |« I ! I
LcD INT @&— | I I |
\ ) | )
N _ _____ B W O ~ — e — —
Figarlde CD bl ock diagram
15.4. LCD clock
The LCD clock source can be selected as LSI or LSE, and the input clock can be determined by
LSCOSEL and LSCOEN of the RCC_BDCR register.
15.5. LCD driving waveform

The LCD supports 5 Duty cycles driving waveforms:static,1/4, 1/6 and 1/8, which are set by
LCD_CRO. Duty.

The LCD supports two BIAS driving waveforms:1/2 and 1/3, which are set by LCD_CRO. BIAS.

The suggested combination is shown in the following table:

Tabl®LCD supported drive wavefor ms
- 1/4 DUTY 1/6 DUTY 1/8 DUTY
Not Not Not
1/2 BIAS
recommended recommended recommended
1/3 BIAS P P P
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15.5.1.

Static drive waveform

No? selected

———dmd -

RPN P Y [ IR .

Static

Selected
__-E_ __E_____'
COM ---r-f--r----1--
A
__-:L-__:L___q:_
SEG -t JoiooCil
I S

Fi gaB2St at i c

15.5.2. 1/8 DUTY 1/3 BIAS driving waveform

15.6.

15.6.1.

I

VLCD

2/3VLCD
1/2VLCD

1/3VLCD
VSS

VLCD

2/3VLCD
1/2VLCD

1/3VLCD
VSS

Lcd clk

drive waveform

VLCD

ComoO

2/3VLCD
1/2vVLCD
1/3VLCD

VSss
VLCD

Com7

2/3VLCD
__ U2VLCD
1/3VLCD

Vss

VLCD

L T
I=l
""" 1_]1 LL 1_1[ l[_L[_rl_L

) 2/3VLCD

1/2VLCD

1/3VLCD

ON__ OFF!

VSs

como-seco [ I
:

OFF

com7-sEco

Figais3l/ 8

LCD BIAS generating circuit

DUTY 1/

3

Bl AS drive

waveform

The BIAS voltage of the LCD comes from two sources:internal resistor voltage division and external

resistor voltage division. When the internal resistor voltage divider is selected, the device automatically

switches the internal circuit to generate a voltage that complies with BIAS and DUTY. When selecting

an external resistor to divide voltage, users need to build related circuits on the peripheral pins of the

device.

Internal resistance mode

The internal resistance modes VLCDH, VLCD1 to VLCD3 can be used as an LCD SEG output or an

10 port.
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In internal resistance mode, the driving voltage of the LCD is controlled by CR0. CONTRAST, as

shown in the following table:

Tabl®I nternal resistance mode
CRO.CONTRAST VLCD (1/3 BIAS) VLCD (1/2 BIAS)

0 1.00 * Vcea 1.00 * Veea
1 0.95* Vcea 0.92* Vcea
2 0.9 * Vcea 0.86 * Vcca
3 0.86* Vcea 0.8* Vcea

4 0.82 * Vcea 0.75 * Vcea
5 0.78 * Vcea 0.71 * Vcea
6 0.75 * Vcea 0.67 * Vcea
7 0.72 * Vcea 0.63 * Vcea
8 0.69 * Vcea 0.60 * Vcea
9 0.67 * Vcea 0.57 * Vcea
10 0.64 * Vcea 0.55 * Vcea
11 0.62 * Vcea 0.52 * Vcea
12 0.60 * Vcca 0.50 * Vcea
13 0.58* Vcea 0.48 * Vcea
14 0.56 * Vcea 0.46* Vcea
15 0.55 * Vcea 0.44 * Vcea
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15.6.2.

External resistance mode

VLCDH | VLCDH | VLCDH |
| Rx | Rx | Rx

VLCD3 ?— VLCD3 | VLCD3 |
| | | R

VLCD2$ VLCD2$ VLCD2 |
| | R | R

VLCD1$ VLCD1 | VLCD1 |

<

| %R | R | R

VSS | VSS | VSS |

Static 1/2 BIAS 1/3 BIAS

FigaBsdExt ereal stance mode

Note:

1.
2.
3.

15.7.

15.8.

15.9.

Rx is an adjustable resistor used to adjust the LCD display contrast.
Select the appropriate resistor R according to the use of the LCD screen.
Unused VLCD2/VLCD1 can be configured for SEG or IO use as required.

DMA

LCD supports software and hardware to trigger DMA data transmission, which can automatically
move the content to be displayed from the stored content to the LCD display RAM. The hardware

trigger uses a frame interrupt signal.
DMA data transfer configuration process:

. Enable DMA

. Select LCD DMA

. Set transmission type, transmission length, and transmission method
. Set the source start address and the destination start address

. Set the increment method of source address and destination address
. Enable DMA interrupts as required

. Enable LCD DMA Trigger

N o o1k~ W0ON P

Interrupts and events

When the LCD setting is active, the LCD interrupt may be configured to generate a frame number

interrupt.

LCD display mode

The LCD supports two display modes. One with COM as the display unit, and all COM segments of
the same SEG are in the same byte (mode 0). The other is that different SEGs of the same COM are

in the same byte (mode 1).

Choosing the appropriate display mode according to the LCD panel can simplify the program operation.
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15.9.1. LCD display mode 1 (MODE =1)
A 1/8 DUTY

Eit3]1 |Bit30 |Bit20 |Bit2l |Bit27 [Bitlé [Bitli |Bitd4 |Bit23 |Bit2l (Bitll [Bit20 [Bitl® |Bitl@ |Bitl7 |Bitlé [Bitl3 |Bitl4 |Bitl3 |Bitll |Bitll |Bitl0 |Bitd Bitk  |Bit7T |Bits  |BitS Bit+ |Eit3 Bitl Bitl Bitl

SEG31 |SEG30 |SEGIY |SEGIE |SEG2T |SEG26 |SEGLS |SEGI4 |SEG23 [SEG22 [SEG21 |SEGID |SEGILS [SEGIE [SEGLT [SEGLS |SEGLS |SEG14 [SEGL3 [SEGLI [SEGLL |SEGL0 |SEGY |SEGE |SEGT |SEGE |SEGS |SEG4 [SEGS |SEGI |SEGL | SEGY
COMD LCDRAMOD
COM1 LCDEAMI1
COM2 LCDERAM2
COM3 LCDEAMS3
COM4 LCDEAM4
COMS LCDRAMS
COMS& LCDRAMSES
COMT LCDRAMT

SEG3D |SEG3B |SEG37T |SEG36 |SEG3S |SEG34 |SEG33 |SEG32
COMD LCDRAME
COM1 LCDRAMES
COM2 LCDRAMA
COMS LCDEAME
COM4 LCDRAMC
COMS LCDRAMD
COME LCDRAME
COMT LCDRAME

FigumBel/ 8 DUTY LCD display mode 1

A 1/6 DUTY
Bit3l |Bit30 |Bidd |Bit2k [Bit27 |Bitdé |Bids |Bit24 [Bitdd |Bitdl |Bitdl |Bit20 |Bitld [Bitl? |Bitl7 |Bitlé |Bitls [Bitl4 |Bitl3 |[Bitll |Bitll [Bitld |Bitb |Bitk  |Bit7 [Bitd  |Bits Eitd  |Bit3 Eit2 Eitl Bitd
SEGS1 |SEG30 |SEGID |SEGIE |SEGLT [SEGIS |SEGIS |SEGI4 |SEGI3 |SEGII |SEGI1 |SEGX0 |SEGLY |SEGIE |SEG1T |SEGLE |SEGLS |SEG14 |SEGL3 |SEGLI |SEGLL [SEGLO |SEGD |SEGE [SEGT |SEGS |SEGS [SEG4 |SEGS [SEGI [SEGL |SEGD
COMOD LCDRAMD
COML LCDEAMI
Coni LCDEAMD
COM3 LCDRAMS
COM4 LCDRAMS
COMS LCDEAMS
COMS LCDRAMS
COMT LCDRAMT
SEG3D |SEG3E |SEG3T [SEG36 |SEG3S [SEG34 [SEG33 |SEG32
COMD LCDRAME
COM1 LCDRAMD
COn2 LCDRAMA
COM3 LCDRAME
COMI4 LCDRAMC
COMS LCDREAMD
COMS LCDRAME
COMT LCDERAMF

Figa®seel/ 6 DUTY LCD display mode 1
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A 1/4DUTY
Bit3l |Bit30 |Bit20 |Bit2E |Bi27 |Bit2é |Bit23 |Bit24 |Bit23 |Bit2l |Bit2l |Bi20 |Bitl? |Bitl®: |Bitl7T |Bitlé |Bitld |[Bitl4 |Bitl3 |Bitl2 |Bitll |Bild (Bi Bit? Bit7 Bitd Bits Bitd Bit3 Bit2 Bitl EBitD
SEG31 |SEG3D |SEG2D |SEG2E |SEG27 |SEG2E |SEGLS |SEG24 |SEG23 |SEG2L |SEGLI (SEG2D [SEGLD |SEGILE |SEGLT |SEGLS |SEGLS (SEGL4 (SEGL3 [SEG12 |SEGILL |SEGLD |SEGE [SEGE [SEGT [SEGE [SEGS |SEG4 |SEG3 |SEGL (SEGL [SEGD
COMD LCDEAMD
COMI1 LCDFAMI1
COM2 LCDFAM2
COM3 LCDRAMS
COM4 LCDRAMS
COMS LCDRAMS
COME LCDFAMS
COMT LCDFAMT
SEG3D |SEG3E |SEG3T |SEG36 [SEG3S |SEG34 |SEG33 |SEG32
COMD LCDRAME
COM1 LCDRAMD
COoN2 LCDFAMA
COMG LCDFAME
CON4 LCDFAMC
COMS LCDRAMD
COME LCDRAME
COMT LCDEAMF
Figukrel/ 4 DUTY LCD display mode 1
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15.9.2. LCD Display MODE 0 (MODE = 0)

A 1/8DUTY

Bit31 |Bit30 |Bit29 |Bit28 |Bit27 |Bit26 |Bit23 |Bit2d |Bit23 |Bit2) |Bit21 |Bit20 |Bitl9 |Bitl3 |Bitl7 |[Bitlé [Bitld [Bitl4 [Bitl3 [Bitl2 |Bitll |Bitl0 |Bit9 Bit8 Bit] Bité Bitd Bitd Bit3 Bit2 Bitl Bitl

COMT |COMS |COMS |COM4 |COMS |COM2 |COMI |COMO |COMT |COMSEG |COMS |COM4 |COMS3 |COM2 |COMI |COMO [COMT [COMSG [COMS [COM4 [COMS3 |COM2 |COMI |COMO |COMT |COMSG |COMSI |COM4 |COM3 |COM2 [COMI [COMO

SEG3 |SEG3 |SEG3 |SEG3 |SEG3 |SEG3 |SEG3 |SEG3 [SEG) |SEG) |SEG2 |SEG2  |SEG2  |SEG2  |SEG2  |SEG2  [SEG1 [SEG1 [SEG1 ([SEG1 ([SEGL [SEGL [SEGL |SEGL |SEGOQ |SEGO |SEGO |SEGO |SEGO |SEGO |SEGO |SEGO  [LCDRAMO

SEG7 |SEG7 |SEGT [SEGT [SEGT |SEGT7 |SEG7 |SEGT |SEG6 |SEG6 |SEG6 |SEG6 |SEG6 |SEG6 |SEG6 |SEG6 [SEGS [SEGS |SEGS |SEGS |SEGS [SEGS [SEGS |SEGS |SEG4 |SEG4  [SEG4 [SEG4 |SEG4  |SEG4  |SEG4  [SEG4  [LCDRAMI

SEGI1 |SEGI1 |SEGI11 [SEGI11 [SEGI1 |SEGI1 |SEGI1 |SEGI1 [SEGL0 |SEG10 |SEG10 |SEG10 |SEGI0 |SEGL0 |SEG10 |SEG10 [SEG? [SEGY |SEG® |SEGY |SEGY? [SEGO ([SEGY |SEGY |SEGS |SEGE [SEGS [SEGS |SEGE |SEGS |SEG8 [SEGS [LCDRAMD

SEG15 |SEGI5 |SEGI13 [SEG13 [SEGI5 |SEG15 |SEG1) |SEGI1S [SEGI4 |SEG14 |SEG14 |SEGI4 |SEGI4 (SEGI4 |SEG14 |SEGI4 [SEGI3 [SEGI3 |SEGL3 |SEG13 |SEGL3 [SEGI3 [SEGILS |SEGL3 |SEGI2 |SEGI2 [SEGI2 [SEGI2 |SEGI2 |SEGI2 |SEGI2 [SEGI2 [LCDRAMS

SEG19 |SEG19 |SEG19 [SEG19 [SEG1S |SEG1$ |SEGI9 |SEGI9 [SEG1S |SEG18 |SEGIS |SEGIS |SEGI8 [SEG18 |SEG18 |SEGIS [SEGI7 [SEGI17 |SEGLT |SEG1T |SEGLT7 [SEGIT |SEGLT |SEGLT |SEGL6 |SEGL6 [SEGL6 [SEGL6 |SEGL6 |SEGL6 |SEGL6 [SEGL6 |LCDRAM4

SEG23 |SEG23 |SEG23 [SEG23 [SEG2R3 |SEGR3 |SEG23 |SEG23 [SEGX2 |SEGL2 |SEG22 |SEG22 |SEG22 (SEG22 |SEG22 |SEG22 [SEG21 [SEG21 |SEG21 |SEG21 |SEG21 [SEG21 [SEG21 |SEG21 |SEG20 |SEG20 [SEG20 [SEG20 |SEG20 |SEG20 |SEG20 [SEG20 [LCDRAMS

SEG27 |SEG27 |SEG27 [SEG27 [SEG2T |SEGRT |SEG2T |SEG2T (SEG26 |SEG26 |SEG26 |SEG26 |SEG26 (SEG26 |SEG26 |SEG26 [SEG25 [SEG2S |SEG2S |SEG23 |SEG25 [SEG25 |SEG25 |SEGRS |SEG24 |SEG24 [SEG24 [SEG24 |SEG24 |SEG24 |SEG24 [SEG24 |LCDRAMSG

SEG31 |SEG31 |SEG31 [SEG31 [SEG31 |SEG31 |SEG31 |SEG31 |SEG30 |SEG30 |SEG30 |SEG30 |SEG30 |SEG30 |SEG30 |SEG30 [SEG2¢ [SEG29 |SEG29 |SEG2S |SEG29 [SEG2¢ [SEG29 |SEG2Y |SEG28 |SEG28 [SEG28 [SEG28 |SEG28 |SEG28 |SEG28 [SEG28 [LCDRAMT
SEG32 [SEG32 [SEG32 |SEG32 |SEG32 |SEG32 [SEG32 [SEG32 |LCDRAMS
SEGS3 [SEG33 [SEG33 |SEG33 |SEG33 |SEG33 [SEG33 [SEG33 |LCDRAMY
SEGS4 [SEGS4 [SEG34 |SEG34 |SEG34 |SEGS4 [SEG34 [SEG34 |[LCDRAMA
SEGS) [SEG3S [SEG35 |SEG3S |SEGHS |SEGSS [SEG3S [SEG3S |LCDRAMB
SEGS6 [SEG36 [SEG36 |SEG36 |SEGH6 |SEG36 [SEG36 [SEG36 |LCDRAMC
SEG37 |SEG37 [SEG3T [SEG3T [SEG3T [SEG3T [SEG3T [SEGST |LCDRAMD
SEG38 |SEG38 |SEG38 [SEG38 [SEG38 [SEG38 [SEG38 [SEG3S |[LCDRAME
SEG39 |SEG39 [SEG39 [SEG32 [SEG32 [SEG32 [SEG3® |SEG3Y |LCDRAMF

Figa®ssel/ 8 DUTY LCD display mode O
A 1/6 DUTY

Bit31 [Bit30 |Bit2¢ |Bit28 |Bit27 [Bit26 [Bit23 |Bit2d [Bit23 |[Bit22 |Bit2l |Bit20 |Bitl? ([Bitl8 |Bitl7 |Bitlé [Bitld |Bitld |Bitl3 |Bitl2 |Bitll |Bitld |Bitd Bit§ Bit7 Bit6  |Bit5 Bitd Bit3 Bit2 Bitl Bit0

COM7 [COMSG [COMS |COM4 |COMS3 |COM2 [COMI |COMO |COMT [COMS [COMS |COM4 |COMS |COM2 |COMI |COMO |COMT [COMS |COMI |COM4 [COMS3 |COM2 |COMI |COMO |COMT [COME |COMS |COMA [COMS |COM2 |COMI |COMO

SEG3 [SEG3 ([SEG3 |SEG3 |SEG3 |SEG3 [SEG3 |SEG3 |SEG2 [SEG2 [SEG2 |SEG2 |SEG2 |SEG2  |SEG2 |SEG2 |SEGL  |SEG1 [SEG1  [SEG1 |SEG1  |SEG1 |SEGL |SEGL  |SEGO  |SEGO  [SEGO |SEGO  |SEGO [SEGOD [SEGO |SEGO  |LCDRAMO

SEG7 [SEGT [SEGT |SEGT |SEGT |SEGT  [SEGT |SEGT |SEG6 [SEGH [SEG6 |SEGE |SEG6 |SEG6 |SEGE |SEG6 |SEGS [SEGS [SEGS |SEGS  |SEGS |SEGS |SEGS |SEGS |SEG4  [SEG4  [SEG4  |SEG4  [SEG4 [SEG4 |SEG4  |SEG4  |[LCDRAMI

SEG11 [SEG11 [SEGIL |SEGI1 |SEGI1 |SEGI1 [SEGI1 |SEG11 |SEGI0 [SEGL0 [SEGI0 |SEGL0 |SEGI0 |SEGI0 [SEGL0 |SEGI0 |SEGY [SEGS [SEGS |SEGY |SEGY |SEGY |SEGY |SEGY |SEGR [SEGS [SEGS8 |SEGS [SEGS |[SEGS |SEGS |SEGS  |[LCDRAMD

SEG15 |SEGI5 [SEGI5 [SEGIS [SEGIS [SEGI5 [SEG15 |SEGI15 |SEGI4 [SEGI4 [SEGI4 [SEGI4 [SEGI4 [SEG14 |SEGI4 |SEGI4 |SEGI3 |SEGI3 [SEGI3 [SEGI3 |SEG13 |SEGI3 |SEG13 |SEGI13 |SEGI2 |SEGI2 |SEGI2 |SEGI2 |SEGI2 |SEGI2 |SEG12 |SEGI2 |LCDRAMS3

SEG19 |SEG19 [SEGI1? [SEGIQ [SEGI2 [SEGI2 [SEG19 |SEG19 |SEGI8 |SEGIS |SEGI8 [SEGI8 [SEGIR [SEGI8 |SEGI8 |SEGIS8 |SEGI17 |SEG17 |SEG17 [SEGIT [SEGIT [SEG1T |SEG1T7 |SEG1T7 |SEGI6 |SEGI6 |SEG16 |SEG16 |SEG16 |SEGL6 |SEGL6 |SEGI6 |LCDRAMA

SEG23 |SEG23 [SEG23 [SEG23 [SEG23 [SEG23 [SEG23 |SEG23 |SEG22 |SEG22 [SEG22 [SEG22 [SEG22 [SEG2) |SEG22 |SEG22 |SEG21 |SEG21 |SEG21 [SEG21 |SEG21 |SEG21 |SEG21 |SEG21 |SEG20 |SEG20 |SEG20 |SEG20 |SEG20 |SEG20 |SEG20 |SEG20 |LCDRAMS

SEG27 |SEG27 [SEG2T [SEG2T [SEG2T [SEG2T [SEG2T |SEG27 |SEG26 |SEG26 |SEG26 [SEG26 [SEG26 [SEG26 |SEG26 |SEG26 |SEG23 |SEG23 |SEG2I [SEG2RI [SEG2I [SEG23 |SEG23 |SEG25 |SEG24 |SEG24 |SEG24 |SEG24 |SEG24 |SEG24 |SEG24 |SEG24 |LCDRAMG

SEG31 |SEG31 [SEG31 [SEG31 [SEG31 [SEG31 [SEGS31 |SEGS31 |SEG30 |SEG30 [SEG30 [SEG30 [SEG30 [SEG30 |SEG30 |SEG30 |SEG20 |SEG20 [SEG2Q [SEG29 |SEG20 |SEG20 |SEG20 |SEG20 |SEG28 |SEG28 |SEG28 |SEG28 |SEG28 |SEG28 |SEG28 |SEG28 |LCDRAMT
SEG32 |SEG31 |SEG32 |SEG32 [SEG32 [SEG32 [SEG32 |SEG32 |LCDRAME
SEG33 |SEG33 |SEG33 |SEG33 [SEG33 [SEG33 [SEG33 [SEG33 [LCDRAMY
SEG34 |SEG34 |SEG34 |SEG34 [SEG34 [SEG34 [SEG34 [SEG34 |[LCDRAMA
SEG35 |SEG35 |SEG3) |S8EG35 [SEG35 [SEG35 [SEG35 [SEG3S |LCDRAME
SEG36 |SEG36 |SEG36 |SEG36 [SEG36 [SEG36 [SEG36 [SEG36 |[LCDRAMC
SEG37 |SEG37 |SEG37 |SEG37 [SEG37 [SEG3T [SEG3T [SEG3T |[LCDRAMD
SEG38 |SEG38 |SEG38 |SEG38 |SEG38 |SEGSE [SEG38 [SEG38 |[LCDRAME
SEG39 |SEG3% |SEG39 |SEG39 |SEG3¢ |SEGSS [SEG39 [SEG3Q |LCDRAME

FigumBsel/ 6 DUTY LCD display mode O
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A 1/4DUTY

Bit3l [Bit30 |Bit20 |Eit28 |Bit27 |Bit26 |Bitd) |Bit24 |Bit23 |Bit22 |Bit2l [Bit20 |Bitl9 |Eitl§ |Bitl7 |Bitlé |Bitld |Bitl4 |Bitl3 [Bitl2 |Bitll [Bitl0 |Bitd |Eit8 |Bit7 |Bit6  |Bitd Bitd |Bit3 |Bit2 |Bitl  |Bit

COMT [COMS |COMS |COM4 |COMS3 [COM2 |COMI [COMO |COMT [COMS |COMI |COM4 |COM3 |COM2 |COMI [COMO |COMT [COMS |COMI |COM4 |COM3 |COM2 |COMI |COMO) |COMT [COMS |COMS |COM4 |COM3 |COM2 |COMI |COMOD
SEG3 |[SEG3 |SEG3 |SEG3 |SEG3 |[SEG3 |SEG3 ([SEG3 |SEG! ([SEG2 |SEG2 |SEG2 |SEG2 |SEG2 |SEG) ([SEG2 |SEGI ([SEG1 |SEGI |SEG1 |SEG1 |SEG1 |SEG1 |SEG1 |SEG0 ([SEGD |[SEGD |[SEGO0 |SEGD |SEGO |SEGD |SEGD |LCDRAMD
SEG7 [SEGT |SEG7 |SEGT |SEG] [SEG7 |SEG7 ([SEGT |SEG6 [SEGH |SEGS |SEG6 |SEG6 |SEG6 |SEGE [SEG6 |SEGS [SEG3 |SEGI |SEG) |SEG3 |SEGS |SEGS |SEGH |SEG4 [SEGY  [SEG4 |SEG4  |SEG4 |SEG4 |SEG4 |SEG4  |LCDEAMI
SEGI1 [SEGI11 |SEGI1 |SEGL1 |SEGI1 [SEG11 |SEGIL [SEGI1 |SEGI0 [SEGL0 |SEGI0 |SEGI0 |SEGI0 |SEGI0 |SEGIL0 [SEGI0 |SEGY [SEG? |SEGY |SEGY |SEGD |SEG? |SEGO |SEGO |SEGE [SEGS [SEGE |SEGS |SEGE |SEGS |SEGE |SEGS |LCDEAM2
SEGIS [SEG1S |SEGIS |SEGLS |SEG1S [SEGLS |SEGIS [SEG1S |SEGI4 [SEGI4 |SEGI4 |SEG14 |SEGI4 |SEGI4 |SEGI4 [SEGI4 |SEGI3 [SEGI3 |SEGI3 |SEG13 |SEGI3 |SEG13 |SEGI3 |SEGI3 |SEGI2 [SEGI2 [SEGI2 |SEGI2 |SEGI2 |SEGI2 |SEGI2 |SEG12 |LCDEAM3
SEG19 [SEG19 |SEG19 |SEG19 |SEG19 [SEG19 |SEGI9 [SEG19 |SEGIS [SEG18 |SEGIS |SEG18 |SEGIS |SEG18 |SEGIS [SEG18 |SEG17 [SEG17 |SEGLT |SEG17 |SEGIT |SEG17 |SEGI1T |SEGL7 |SEGI6 [SEG16 [SEGI6 [SEG16 |SEGLS |SEG16 |SEGI6 |SEG16 |LCDRAMY
SEG23 [SEG23 |SEG23 |SEG23 |SEG3 [SEG23 |SEG23 [SEG23 |SEG22 [SEG22 |SEG2Y |SEG22 |SEGI2 |SEG22 |SEGI2 [SEG2D |SEG21 [SEG21 |SEG21 |SEG21 |SEG21 |SEG21 |SEG21 |SEG21 |SEG20 [SEG20 [SEG20 |SEG20 |SEG20 |SEG20 |SEG20 |SEG20 |LCDEAMI
SEG27 [SEG27 |SEG2T |SEG27 |SEG2T [SEG27 |SEG2T [SEG2T |SEG26 [SEG26 |SEG26 |SEG26 |SEG26 |SEG26 |SEGL6 [SEG26 |SEG2S [SEG2) |SEG2S |SEG2 |SEG23 |SEG23 |SEG2I |SEG2) |SEG24 [SEG24 |SEG24 [SEG24 |SEG24 |SEG24 |SEG24 |SEG24 |LCDRAMSG
SEG31 [SEG31 |SEG31 |SEG31 |SEG31 [SEG31 |SEG31 [SEG31 |SEG30 [SEG30 |SEG30 |SEG30 |SEG30 |SEG30 |SEG30 [SEG30 |SEG2S [SEG2S |SEG2O |SEG29 |SEG2S |SEG2¢ |SEG29 |SEG29 |SEG2S [SEG28 [SEG28 |SEG2S |SEG28 |SEG2S |SEG28 |SEG28 |LCDEAMT
SEG32 [SEG3) [SEG32 |SEG32 |SEG32 |SEG32 |SEG32 |SEG32 |LCDEAMS
SEG33 [SEG33 |SEG33 |SEG33 |SEG33 |SEG33 |SEG33 |SEG33 |LCDEAMY
SEG34 [SEG34 |SEG34 |SEG34 |SEG34 |SEG34 |SEG34 |SEG34 |LCDRAMA
SEG3S [SEG3S [SEG35 |SEG3) |SEG35 |SEG3S |SEG33 |SEG3) |[LCDRAME
SEG36 [SEG36 [SEG36 |SEG36 |SEG36 |SEG36 |SEG36 |SEG36 [LCDRAMC
SEG37 [SEG37 |SEG37 |SEG37 |SEG37 |SEG37 |SEG37 |SEG37 |LCDEAMD
SEG38 [SEG38 [SEG38 |SEG3S |SEG38 |SEG3S |SEG38 |SEG3E |[LCDRAME
SEG3% [SEG39 [SEG3S |SEG3S |SEG39 |SEG3® |SEG3Y |SEG3S |[LCDRAME

Figuakledl/ 4 DUTY LCD display mode O
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15.10. LCD registers

15.10.1.

LCD configuration register 0 (LCD_CRO0)

Address offset:0x00
Reset value:0x0000 00C2

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

7

6 5 4 S 2 1 0

CONTRAST [3:0]

BSEL [2:0]

DUTY [2:0]

BIAS | Res | Res LCDCLK [1:0] EN

RW

RW

RW

RW - - RW RW

Bit

Name

R/W

Reset Value

Function

31:16

Reserved

Reserved

15:12

CONTRAST [3:0]

RW

LCD contrast adjustment

Note:Only valid if internal resistor divider is se-
lected for the BIAS voltage source.

The larger the value, the smaller the amplitude of
the LCD waveform.

At 0x0, the LCD waveform has the largest ampli-
tude and the largest contrast ratio;

éé

At OxF, the LCD waveform has the smallest ampli-

tude and the smallest contrast ratio;

11:9

BSEL [2:0]

RW

BIAS voltage source selection

111:Reserved

110:internal resistor voltage division, large power
consumption mode

101:Reserved

100:internal resistor voltage division, low power
consumption mode

011:Reserved

010:Internal resistor voltage division, medium
power consumption mode

001:Reserved

000:External resistance mode, requires external
circuit cooperation

Note:Only external resistor mode can be used at

1/6 or 1/8 duty (SEG 32 to SEG35 disabled).
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Bit Name

R/W

Reset Value

Function

8:6 DUTY [2:0]

RW

36b011

LCD DUTY configuration
000:Static
001:Reserved
010:Reserved

011:1/4 DUTY
100:Reserved

101:1/6 DUTY

110 Reserved

111 1/8 DUTY

5 BIAS

RW

0:1/3 bias (initial value)

1:1/2 bias

4:3 Reserved

Reserved

2:1 LCDCLK [1:0]

RW

26b01

LCD scanning frequency selection

00:64 Hz

01:128 Hz

10:256 Hz

11:512 Hz

Note:LCD frame frequency = LCD scanning fre-

quency xDUTY

RW

LCD enable control
1:Enabled
0:Disabled

15.10.2.

Address offset:0x04
Reset value:0x0000 0000

LCD configuration register 1 (LCD_CR1)

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 | INTF | DMAEN IE MODE | Res | BLINKEN BLINKCNT [5:0]
- - - - R RW RW RW - RW RW
Bit Name R/W Reset Value Function
31:12 Reserved - - Reserved
LCD interrupt flag
11 INTF R 0 1:Interrupt
0:No interrupt
10 DMAEN RW 0 DMA hardware trigger enable
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Bit

Name

R/W

Reset Value

Function

1:LCD interrupt trigger DMA enabled
0:LCD interrupt trigger DMA disabled

RW

the interrupt enable
1:Enabled
0:Disabled

MODE

RW

LCD RAM display mode deflection
0:Mode 0
1:Mode 1

Reserved

Reserved

BLINKEN

RW

LCD splash screen configuration
1:Enabled
0:Disabled

5.0

BLINKCNT [5:0]

RW

Splash screen frequency and LCD interruption interval
setting

Note:LCD blinking frequency is = LCD frame fre-
quency/(BLINKCNT+1)

LCD interrupt interval = (BLINKCNT+1) * (1/LCD frame

frequency)

15.10.3.

LCD interrupt clear register (LCD_INTCLR)

Address offset:0x08
Reset value:0x0000 0400

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res Res Res Res | Res INTF_CLR Res Res Res | Res Res Res Res Res Res Res
R1IWO
Bit Name R/W Reset Value Function
31:11 Reserved - - Reserved
10 INTF_CLR RC_ WO 1 Interrupt flag clear, write O clear, write 1 invalid
9.0 Reserved - - Reserved
15.10.4. LCD output configuration register (LCD_POENO)

Address offset:0x0C

Reset value:0xFFFF FFFF

31 30

29

28

27

26

25 24

23

22

21

20

19 18

17

16

S31 S30

S29

S28

S27

S26

S25 S24

S23

S22

S21

S20

S19 S18

S17

S16
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RW RW RwW RwW RwW RW RW RW RW RW RW RW RW RW RW RwW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
S15 S14 S13 S12 S11 S10 S9 S8 S7 S6 S5 S4 S3 S2 S1 SO
RW RW RW RW RW RW RW RW RwW RW RW RW RW RW RW RW
Bit Name R/W Reset Value Function
SEGXx output control bit
0:SEG output enabled
31:0 Sx RW OXFFFFFFF
1:SEG output is off, other functions can be used,
such as 10, analog input and output
15.10.5. LCD output configuration register 1 (LCD_POEN1)

Address offset:0x10
Reset value:0x1FFF

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res
15 14 13 12 11 10 9 8 7 6 5) 4 3 2 1 0
Res MUX C3 c2 C1 CO | S36_C7 | S37_C6 | S38_C5 | S39_C | S35 S34 S33 | S32
4
- RW
Bit Name R/W Reset Value Function
31:13 Reserved - - Reserved

SEG32 to SEG35 port function selection, see the

12 MUX RW 1
following table for details
COMXx output control bits (COMO to COM3)
0:COM output enabled

11:8 Cx RW OxF
1:COM output disabled, other functions can be
used, such as IO, analog input and output
SEGx/COMy output control bit
0:SEG/COM output enabled
1:SEG/COM output is turned off, other functions can

74 SxCy [3:0] RW OxF
be used, such as 10, analog input and output
SEG COM pin function selection is determined by
CRO. DUTY
SEGx output control bit
0:SEG output enabled

3:0 S[3:0] RW OxF
1:SEG output is off, other functions can be used,
such as 10, analog input and output
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Tabl®8COM/ SEG multiplexing selection configu

How to configure
VLCDx SEGx PAD

MUX| S <:325 BSEL
VLCDHSEG35=
VLCDXSEGXPAD sel ec VLCDHSEG34-=
1 1111 X X X
di sabLlCeb_ON = 0 VLCDHSEG33=

VLCDHSEG32=

VLCDHSEG35 =

Low resi
VLCDHSEG34-=
(high ¢ 1 1111 1 1 0
VLCDHSEG33-=

Wh e n mo de
VLCDHSEG32-=

VLCDXSEGXP

Medi um VLCDHSEG35=
l ects | O a
sistanc VLCDHSEG34=
able (LCD_ 1 1111 0 1 0
dium cu VLCDHSEG33=
only the in
mo d e VLCDHSEG32=

tor oper at

VLCDHSEG35-=
can be se Large

VLCDHSEG34-=
sistanc 1 1111 1 0 0
VLCDHSEG33

current |
VLCDHSEG32-=

VLCDHSEG35=SE

Low resi
VLCDHSEG34=SE
(high c 0 X X X X 1 1 0
VLCDHSEG33=SE

mo d e
VLCDHSEG32=SE

Medi um VLCDHSEG35=SE

Sel ect I ntq si stanc VLCDHSEG34=SE

0 XX XX 0 1 0
tor Operat| dium cu| VLCDHSEG33=SE

mo d e VLCDHSEG32=SE

VLCDHSEG35=SE

Large
VLCDHSEG34=SE
sistanc 0 X X X X 1 0 0
VLCDHSEG33=SE

current |
VLCDHSEG32=SE

VLCDHSEG35=V

Select the externg VLCDHSEG34=V]|

0 1111 0 0 0
mode VLCDHSEG33=V]I

VLCDHSEG32=V]

15.10.6. LCD_RAMOto 7

Address offset:0x14 to 0x30
Reset value:0x00000000
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
D31 D30 D29 D28 D27 D26 D25 D24 D23 D22 D21 D20 D19 D18 D17 D16
RW RwW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
15 14 13 12 11 10 9 8 7 6 ® 4 3 2 1 0
D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
RW RwW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Bit Name R/W Reset Value Function
LCD dot output, displaying reference LCD display mode
31:0 Dx RW 0:The corresponding SEG COM intersection is not lit
1:Corresponding SEG COM cross-lit

Note:When configuring LCD_RAMX, ensure that it is completed within 2 LCD clocks (LS| or LSE). And the in-

terval between the two writes satisfies 2 LCD clocks.

15.10.7.

Address offset:0x34 to 0x50
Reset value:0x0000 0000

LCD RAMS8to F

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 D7 D6 D5 D4 D3 D2 D1 DO
- - - - - - - - RW RW RW RW RW RW RW | RW
Bit Name R/W Reset Value Function
31:8 Reserved - - Reserved
LCD dot output, displaying reference LCD dis-
play mode
7:0 Dx RW 0 0:The corresponding SEG COM intersection
point is not lit;
1:Corresponding SEG COM cross-lit;

Note:When configuring LCD_RAMX, ensure that it is completed within 2 LCD clocks (LS| or LSE). And the in-

terval between the two writes satisfies 2 LCD clocks.
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16.

16.1.

16.2.

Comparator (COMP)

Introduction

The device integrates two general-purpose comparators (COMP). The COMP1/2 module can be

used as a separate module or in combination with timer.

The comparator may be used as follows:

> > >

Triggered by analog signal to wake-up function from low-power mode
Analog signal conditioning
Cycle by cycle current control loop when comparators are connected with PWM output from

timer.

COMP main features

A

> > >

> >

Each comparator has configurable positive or negative input for flexible voltage selection:

[ Multiple I/O pins

i Output of the temperature sensor

i Internal reference voltages Vrersur, Vcca, Vrerirz 64 fractional values provided by voltage
division (1/ 6@hatsXdeomd) é 64/ 64)

i VREFINT

[ OPA output as INP input

Configurable hysteresis function

Programmable speed and consumption

The output can be triggered by a connection to the 1/O or Timer input

i OCREF_CLR event (cycle-by-cycle current control)

i Break events for fast PWM shutdowns

COMP1 and COMP2 may be combined into a window comparator

Each COMP has interrupt generation capability and is used to wake up the device from low

power mode (Sleep/Stop) (via EXTI)
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16.3. COMP functional description

16.3.1. COMP block diagram

COMP analog COMPCTRL
COMR_WINNODE -
COMR_INPSEB0]
i < COMR_FRO]
WINNODE COMR_CSRLE] PAO/PA6/PALL PB)/ PBLO
COMR_INFO > COMR_INF [ + COMR_OUT
: e cd
COMR._INP15 COMR COMR interrupt request.
> COMRL_INN| - (0 EXTLY) >
TIML_BKL
COMR._INNSH3:0] TIML_Ocref clr
COMEL_INND &\ ™o
—_——————> |
< come._F TIM2_ICA
COMR_HYS$T TIM2_Ocref cIr
< TIMB_ICL
COMR_PWRMQDH.:0] TIM3_Ocref clr
i <« TIMI5_BK
COMR._INN14 > TIML6_BK
COMRA_INN15 TIML7 BK
COMR_INNL1
 — COMPVCSEL <
VREFBUF ‘* VREFCMP
VCCA : Divisig GOMPVCDIVENCOMPVCDIYS,0]
VREER2| [, on |
VREECMP COMR_INPSHB:0]
i PA2/PA7/ PAL2/ PE5/ PBLL >
COMR_OUT -
COMR_INFO COMR_FRO] —
EE— Rl COMR_CSRL5|
gome[ouT [
> fiiter COMR interrupt request R
| COMR INPL5 (to EXTIL8)
COMR_INNSE]3:0) TIML_BKL
TIML_Ocref clr
COMP_WINNODE TiML_ICL
COMR_INNO .y TIM2_ICA
COMR E TIM2_Ocref cIr
< = TIM3_ICL
COMR_HYBT TIM3_Ocref clr
< TIML5_BK
H ‘COMR_PWRMQDEL0] TIML6_BK
COMR_INN15 N TIML7_BK
COMR_INN14
COMR_INN11 »

Figu®eleComparator block diagram
Note:Vrer1p2 is the reference voltage generated by the on-chip bandgap reference circuit, which is

always enabled after the chip is powered on.
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16.3.2.

16.3.3.

16.3.4.

COMP pins and internal signals

The 1/0Os used as comparators inputs must be configured in analog mode in the GPIOs registers.
The comparator output can be connected to the I/Os using the alternate function channel.

The output can also be internally redirected to a variety of timer input for the following purposes:

A When connecting the brake input, the PWM signal can be turned off in an emergency

b~

Cycle-by-cycle current control, using OCREF_CLR inputs

A Input capture for timing measures

COMP reset and clocks

The COMP module has two clock sources:

A PCLK (APB clock), used to provide clock to the configuration register

A COMP clock is used to simulate the clock of the circuit after the output of the comparator (ana-
log output latch circuit, glitch filter circuit, etc.). It can be selected as PCLK, LSI or LSE. When
you need to work in Stop mode, select LSI or LSE.

Note:

1. PCLK and COMP CLK are simultaneously enabled by the RCC_APBENRZ2 control bit. If ena-
bled, PCLK and COMP CLK are turned off, and if enabled, PCLK and COMP CLK are turned on
simultaneously.

2. Before entering Stop mode, it is recommended to configure COMP CLK to LSI or LSE, and then
enter Stop mode.

3. The reset signal of the COMP module includes APB reset source and COMP module software
reset source:

1) PCLK clock domain reset for COMP register reset
2) COMP CLK clock domain reset, used for resetting circuits after analog comparator output (an-

alog output latch circuit, glitch filter circuit, etc.).

Window comparator

The purpose of window comparator is to monitor the analog voltage if it is within specified voltage

range defined by lower and upper threshold.

Two embedded comparators can be utilized to create window comparator. The monitored analog
voltage is connected to the non-inverting (plus) inputs of comparators connected together and the

upper and lower threshold voltages are connected to the inverting (minus) inputs of the comparators.

Two non-inverting inputs can be connected internally together by enabling WINMODE bit to save

one |0 for other purposes.

Note:The WINMODE mode of both COMPs cannot be enabled simultaneously.
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16.3.5.

16.3.6.

16.3.7.

Input COMR_INA

COMR_OUT
Upper threshold L comR IN ComMR S ”

. COMR_OUT
Lower threshold R COMR >
COMR_INN"| ~

Figu®e2ewi ndow comparator

Hysteresis

To avoid false output transitions in the case of noisy signals, the comparator can enable functions with
hysteresis (COMP1,and COMP2 have independent hysteresis function enable signals COMP1_HYST
and COMP2_HYST).

Power mode

The power consumption and propagation delay of the comparator can be selected in different modes
by the PWRMODE [1:0] bit of the COMPx_CSR register to achieve the most suitable trade-off for a
given application. The optional modes include high-speed mode and medium-speed mode. Relatively
speaking, the high-speed mode consumes more power and has smaller propagation delay. Note that
before entering Stop, if you select the PWR_CR2 register LPR =1 (i.e. select to power with Low power

regulator), you need to first set COMP in medium speed mode (PWRMODE = 01).

Comparator filtering

The output filtering function of COMP and the corresponding filter width can be enabled by setting the
COMP_FR register. Note that this setting should be completed before COMP_EN is enabled.

COMPEN

FLTEN

COMP
output Filter

waveform ’
Filter Respa

_>Resp0|1g_ —> nse <«

e Timg Time
Digital Filter
Circuit Output
Waveform

Note: The filter response time is determined by the value set in the FLTCNT regateresponse time is
(FLTCNF1) x T

Figu®exComparator filtering
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16.3.8.

16.4.

COMP interrupts

The comparator outputs are internally connected to the extended interrupts and events controller.

Each comparator has its own EXTI line (17, 18 and 20) and can generate either interrupts or events.

The same mechanism is used to exit from low-power modes.

COMP registers

16.4.1. Comparator 1 control and status register (COMP1_CSR)

Address offset:0x0200_0000
Reset value:0x0000 0000

31

30 29 28 27

26

25

24

23 22 21 20 19 18 17 16

Res

COMP_OUT Res COMP_VCSEL [1:0]

COMP_VCDIV [5:0] PWRMODE [1:0] Res COMP1_HYST

RW

RW RW o RW

15

14 13 12 11

10

PO-

LARITY

Res WINMODE

INPSEL [3:0] INNSEL [3:0] Res COMP1_EN

RW

RW

RW RW - RW

Bit

Name

R/IW

Reset Value

Function

31

Reserved

Reserved

30

COMP_OUT

COMP1 output
This read-only flag reflects the level of the comparator 1

output before the polarity selector.

29:28

Reserved

Reserved

27:26

COMP_VCSEL

RW

Vrercmp reference voltage source selection.
00:Voltage division is not enabled

01:Vcea

10:Vrersur

11:VRer1pr2

25:20

COMP_VCDIV [5:0]

RW

100000

Vrercwmp partial voltage selection
00_0000:1/64 Vrersur or Vcca O VRer1p2
00_0001:2/64 Vrersur Or Vcca O VREr1P2
00_0010:3/64 Vrersur Or Vcca O VRer1p2
11_1110:63/64 Vrersur Of Vcca OF VReF1p2

11_1111:Vrersur Or Vcca OF VRer1P2

19:18

PWRMODE [1:0]

RwW

Comparator 1 power mode selector
It selects the power consumption and as a consequence
the speed of the comparator 1

00:High speed mode
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Bit

Name

R/W

Reset Value

Function

01:Medium speed mode
10:Reserved

11:Reserved

17

Reserved

Reserved

16

COMP1_HYST

RW

Comparator 1 hysteresis selector
0:No hysteresis

1:Hysteresis voltage about 20 mV

15

POLARITY

RW

Comparator 1 polarity selector
These bits can be read and written by software.
0:Non-inverted

1:Inverted

14:12

Reserved

Reserved

11

WINMODE

RW

Comparator 1 non-inverting input selector for window
mode

These bits can be read and written by software.
0:Signal selected by INPSEL [3:0]

1:COMP2_INP signal of COMP2

Note:The WINMODE mode of both COMPs cannot be

enabled simultaneously.

10

Reserved

Reserved

9:6

INPSEL [3:0]

RW

Comparator 1 signal selector for non-inverting input
0000:COMP1_INPO from OPA1 output
0001:COMP1_INP1 from PC1
0010:COMP1_INP2 from PC2
0011:COMP1_INP3 from PC3
0100:COMP1_INP4 from PAO

0101 COMP1_INP5 from PA1

0110 COMP1_INP6 from PA2

0111 COMP1_INP7 from PA3

1000 COMP1_INP8 from PA4
1001:COMP1_INP9 from PA5
1010:COMP1_INP10 from PAG6
1011:COMP1_INP11 from PA7
1100:COMP1_INP12 from PB4

1101 COMP1_INP13 from PB5
1110:COMP1_INP14 from PB6

1111:Reserved

5:2

INNSEL [3:0]

RW

Comparator 1 signal selector for inverting input

0000:COMP1_INNO from PAO
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Bit Name

R/IW

Reset Value

Function

0001:COMP1_INN1 from PAl

0010:COMP1_INN2 from PA2

0011:COMP1_INN3 from PA3

0100:COMP1_INN4 from PA4

0101:COMP1_INNS5 from PA5

0110:COMP1_INNG6 from PAG6

0111:COMP1_INN7 from PA7

1000:COMP1_INN8 from PC4

1001:COMP1_INN9 from PC5

1010:Reserved

1011:COMP1_INN11 from VRrercmp
1100:COMP1_INN12 from TS_VIN temperature sensor
voltage)

1101:COMP1_INN13 from Vrerint (ADC_CR?2.
TSVREFE register required to enable the ADC module)
1110:COMP1_INN14 from VRersuF
1111:COMP1_INN15 from PCO

1 Reserved

Reserved

0 COMP1_EN

RW

Comparator 1 enable
Software can be read and written (if not locked)

0:Disabled

1:Enabled

16.4.2. Comparator 1 filtering register (COMP1_FR)

Address offset:0x04
Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
FLTCNT1 [15:0]
RwW RW | RW | RW RwW 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 Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | FLTEN1
- - - - - - - - - - - - - - - RW
Bit Name R/ W Reset V Functi on
Comparator 1 sampling filt
The sampling clock is APB
3116 FLTCNT1 []| RW 0 count value is configurabl
ples reaches the filter <co
constentl y.
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Bi t Name R/ W Reset V Functi on
Sample count perDpd = FLTC
151 Reserved - - Reserved
Comparator 1 digital filte
ODigital filtering functio
0 FLTEN1 RW 0
1Digital filtering functio
NotTehi s bit must be siest Owh ¢
16.4.3. Comparator 2 control and status register (COMP2_CSR)
Address offset:0x10
Reset value:0x0000 0000
31 30 29 28 27 26 25 | 24 | 23 | 22 | 21 | 20 | 19 18 17 16
COMP_O PWRMODE
Res Res Res Res
uT [1:0]
- R - RW -
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PO-
WINM COMP2_H COMP2_E
LARI Res Res Res INPSEL [3:0] INNSEL [3:0]
ODE YST N
TY
RwW - - RwW - RW
Bit Name R/W Reset Value Function
31 Reserved - - Reserved
COMP2 output
30 COMP_OUT R 0 This read-only flag reflects the level of the comparator 2
output before the polarity selector.
29:20 Reserved - - Reserved
Comparator 2 power mode selector
It selects the power consumption and as a consequence
the speed of the comparator 2.
19:18 PWRMODE [1:0] RW 0 00:High speed mode
01:Medium speed mode
10:Reserved
11:Reserved
17:16 Reserved - - Reserved
Comparator 2 polarity selector
These bits can be read and written by software.
15 POLARITY RW 0
0:Non-inverted
1:Inverted
14:12 Reserved - - Reserved
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Bit

Name

R/IW

Reset Value

Function

11

WINMODE

RW

COMP2 non-inverted output selector

These bits can be read and written by software.
0:Signal selected by INPSEL [1:0]

1:COMP1_INP signal of COMP1

Note:The WINMODE mode of both COMPs cannot be

enabled simultaneously.

10

Reserved

Reserved

9:6

INPSEL [3:0]

RW

COMP2 signal selection without inverting input, software
readable and writeable
0000:COMP2_INPO from PAQ
0001:COMP2_INP1 from PA1
0010:COMP2_INP2 from PA2
0011:COMP2_INP3 from PA3
0100:COMP2_INP4 from PA4

0101 COMP2_INP5 from PA5

0110 COMP2_INP6 from PB1
0111:COMP2_INP7 from PB2
1000:COMP2_INP8 from PB10
1001:COMP2_INP9 from OPA2 Output
1010:COMP2_INP10 from PB13
1011:COMP2_INP11 from PB14
1100:COMP2_INP12 from PB4

1101x COMP2_INP14 from PB6
1110x COMP2_INP15 from PB7
1111x Reserved

5:2

INNSEL [3:0]

RW

Comparator 2 signal selector for non-inverting input
0000:COMP2_INNO from PCO
0001:COMP2_INN1 from PC1
0010:COMP2_INN2 from PC2
0011:COMP2_INN3 from PC3
0100:COMP2_INN4 from PAO
0101 COMP2_INNS5 from PA1
0110 COMP1_INNG6 from PBO
0111:COMP1_INN7 from PB1
1000 COMP2_INN8 from PB2
1001:COMP2_INN9 from PB3
1010:Reserved

1011:COMP2_INN11 from Vrercmp
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Bit

Name

R/IW

Reset Value

Function

1100:COMP2_INN12 from TS_VIN Temperature sensor
voltage)

1101:COMP2_INN13 from Vrerint (ADC_CR2.
TSVREFE register required to enable the ADC module)
1110:COMP2_INN14 from VRrerBUF
1111:COMP2_INN15 from PB12

COMP2_HYST

RW

Comparator 2 hysteresis selector
0:No hysteresis

1:Hysteresis voltage about 20 mV

COMP2_EN

RW

Comparator 2 enable
These bits can be read and written by software.

0:Disabled

1:Enabled

16.4.4. Comparator 2 filtering register (COMP2_FR)

Address offset:0x14
Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
FLTCNT2 [15:0]
RwW RwW RW RW RW RW RW RW RW RW RW RW RW RW RwW RwW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res Res Res | Res Res Res | Res | Res | Res | Res | Res | Res | Res | Res Res FLTEN2
- - - - - - - - - - - - - - - RW
Bit Name R/W Reset Value Function
Comparator 2 sampling filter counter
The sampling clock is APB or LSI or LSE. The filter
count value is configurable. When the number of sam-
31:16 FLTCNT2 [15:0] RW 0
ples reaches the filter count value, the results are output
consistently.
Sample count period = FLTCNT [15:0]
15:1 Reserved - - Reserved
Comparator 2 digital filter function configuration
0:Digital filtering function disabled
0 FLTEN2 RW 0
1:Digital filtering function enabled
Note:This bit must be set when COMP2_EN is 0
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17. Operational amplifier (OPA)

17.1. Introduction

The OPA module is suitable for simple amplifiers. The two internal OPA can be cascaded using exter-
nal resistors. The input range of the OPA is from 0 to Vcca, and the output range is from 0.2 V to Vcea-

0.2V.

17.2. OPA main features

A Three independently configured operational amps
A The input range is from 0 to Vcca, and the output range is from 0.2 V to Vcea-0.2 V.
A Can be configured for the following models

i General operational amplifier mode

17.3. OPA functional description

Three OPAs can amplify small-signal analog input signals by using external components to form am-

plifiers, and the output is an amplified signal.

17.3.1. OPA block diagram

M OPAL output
»OPA_OUT) ToADS
OPA_en >R » OPA
PA OPA_P_/.___>\ he oent
OPA en OPA 4+ » OPA OUTHP[] PM
PALO»{ OPA. N » -
To COMR
OPZ output
OPR »OP/2_OUD ToADGy, opr
en
PAICH» OpR p—— > + OPA_oenl
OPR en OPR A i opr_ouTH»] PA
Prs1»| OPR N > /

Fi gaifleOPA bl ock diagram

17.4. OPA registers

17.4.1. OPA output enable register (OPA_CRO0)

Address offset:0x30
Reset value:0x0000 0000

31 | 30 | 29 | 28 27 26 | 25 | 24 | 23 22 21 | 20 | 19 | 18 17 16
Res
15 | 14 | 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
Res OP20EN1 Res OP10ENL1 | Res

235/630



PY32F004-EP Reference Manual

RW - RW -
Bit Name R/W Reset Value Function
317 Reserved - - Reserved
6 OPA20EN1 RW 0 OPAZ2 output 1 enable
5:2 Reserved - - Reserved
1 OPA10EN1 RW 0 OPA1 output 1 enable
0 Reserved - - Reserved
17.4.2. OPA control register 1 (OPA_CR1)
Address offset:0x34
Reset value:0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res EN2 | EN1 Res
- RW RW -
Bit Name R/W Reset Value Function
317 Reserved - - Reserved
6 EN2 RW 0 OPAZ2 enabled
5 EN1 RW 0 OPAL enabled
4:0 Reserved - - Reserved
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18.

18.1.

18.2.

18.3.

18.3.1.

Hardware divider (DIV)

Introduction

Hardware divider is a 32-bit signed/unsigned integer hardware divider.

DIV main features

A Support 32-bit division

A The data in the register cannot be changed while the current division is not finished

A Configurable signed/unsigned division calculation

A 32-bit dividend, 32-bit divisor

A Outputs 32-bit quotient and 32-bit remainder

A Divide-by-zero warning flag bit, end-of-division flag bit

A 8 clock cycles to complete a division operation

A Write the divisor register to trigger the start of the division circuit

A After writing the divisor, when reading the quotient and remainder registers, you need to wait for

the completion flag DIV_END

A When the divisor is 0, the result of quotient and remainder is 0

DIV functional description

DIV operation process

1. Turn on the module clock enable bit of the hardware divider in the RCC system clock controller.
2. The configuration register DIV_SIGN sets signed/unsigned division operation.

3. Configure the register DIV_DEND to set the dividend.

4. Configure the register DIV_SOR to set the divisor, and the division operation starts.

5. The operation end flag bit DIV_END in the query register DIV_STAT. DIV_END is 1 to mark the
operation end. Read register DIV_QUOT to get the quotient and read register HDIV_REMD to get
the remainder.

6. When the divisor is zero, the division operation ends immediately, the quotient and the remainder
are set to 0 at the same time, and the divisor is zero warning flag DIV_ZERO is set.

7. Before the end of the division operation, when reading the register DIV_QUOT/DIV_REMD, the
CPU will read the last calculated value

Example:Calculate an unsigned division with a dividend of 1917887483 (0x7250A3FB) and a divisor
of 9597 (0x257D)

Step 1, the configuration register DIV_SIGN is 0, that is, unsigned division operation

Step 2, configure the register DIV_DEND to 0x7250A3FB, that is, set the dividend

Step 3:configure the register DIV_SOR as 0x257D, that is, set the divisor, and start the calculation
Step 4, search DIV_END bit in the DIV_STAT register, when DIV_END is set, the operation is over.
Read register DIV_QUOT to get quotient 199842 (0x30CA2)

Read register DIV_REMD to get remainder 3809 (OXEE1)
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18.4. DIV registers

18.4.1. DIV dividend register (DIV_DEND)

Address offset:0x00
Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DIV_DEND [31:16]
RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DIV_DEND [15:0]
RW
Bit Name R/W Reset Value Function
31:0 DIV_DEND RW 0 Dividend
18.4.2. DIV divisor register (DIV_SOR)
Address offset:0x04
Reset value:0x0000 0001
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DIV_SOR [31:16]
RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DIV_SOR [15:0]
RW
Bit Name R/W | Reset Value Function
31:0 DIV_SOR RW 1 Divisor (writing this register automatically triggers the division operation)

18.4.3. DIV quotient register (DIV_QUOT)

Address offset:0x08
Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DIV_QUOT [31:16]
RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DIV_QUOT [15:0]
RW
Bit Name R/W Reset Value Function
31:.0 DIV_QUOT RW 0 Store the quotient calculated by the divider
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18.4.4. DIV remainder register (DIV_REMD)

Address offset:0x0C

Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DIV_REMD [31:16]
RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DIV_REMD [15:0]
RW
Bit Name R/W Reset Value Function
31.0 DIV_REMD RW 0 Store the remainder calculated by the divider
18.4.5. DIV sign register (DIV_SIGN)
Address offset:0x10
Reset value:0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res SIGN
- RW
Bit Name R/W Reset Value Function
311 Reserved - - Reserved
Sign selection
0 SIGN RW 0 0:unsigned division operation
1:signed division operation
18.4.6. DIV status register (DIV_STAT)
Address offset:0x14
Reset value:0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res
15 14 13 12 11 10 S 8 7 6 5 4 3 2 1 0
Res DIV_ZERO | DIV_END
- RW RW

239/630



PY32F004-EP Reference Manual

Bit Name R/W Reset Value Function
31:2 Reserved - - Reserved
Divisor is zero warning flag
1 DIV_ZERO R 0 0:The divisor is not zero
1:The divisor is zero
End of division flag
0 DIV_END R 0 0:Operation in progress

1:End of operation
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19. Advanced-control timer (TIM1)

19.1. TIM1 introduction

The advanced-control timer (TIM1) is consist of a 16-bit auto-reload counter driven by a programmable
prescaler. It can be used in various scenarios, including pulse length measurement of input signals
(input capture) or generating output waveforms (output compare, output PWM, complementary PWM

with dead-time insertion).

Pulse lengths and waveform periods can be modulated from a few microseconds to several millisec-
onds using the timer prescaler and the RCC clock controller prescalers. The advanced-control (TIM1)
and general-purpose (TIMx) timers are completely independent, and do not share any resources. They

can be synchronized together.

19.2. TIM1 main features

A 16-bit up, down, up/down auto-reload counter

A 16-bit programmable prescaler allowing dividing (also on the fly) the counter clock frequency
either by any factor between 1 and 65536.
A Up to 4 independent channels
i Input capture
i Output compare
i PWM generation (edge or center-aligned mode)
i One-pulse mode output
A Complementary outputs with programmable dead-time
A Synchronization circuit to control the timer with external signals and to interconnect several timers
together
A Repetition counter to update the timer registers only after a given number of cycles of the counter.
A Break input to put the timerdés output signals in
A Interrupt/DMA generation on the following events:
i Update:counter overflow/underflow, counter initialization (by software or internal/external
trigger)
i Trigger event
i Input capture
[ Output compare
i Break input
A Supports incremental (quadrature) encoder and hall-sensor circuitry for positioning purposes
A Trigger input for external clock or cycle-by-cycle current management
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FiguBeAdvancemdt r ol timer block diagram

19.3. TIM1 functional description

19.3.1. Time-base unit

The main block of the programmable advanced-control timer is a 16-bit counter with its related auto-
reload register. The counter can count up, down or both up and down. The counter clock can be divided

by a prescaler.

The counter, the auto-reload register and the prescaler register can be written or read by software.

This is true even when the counter is running.
The time-base unit includes:

A Counter register (TIMx_CNT)

A Prescaler register (TIMx_PSC)

A Auto-reload register (TIMx_ARR)

A Repetition counter register (TIMx_RCR)

The auto-load register is preloaded. Writing to or reading from the auto-load register accesses the
preload register. The content of the preload register is transferred into the shadow register permanently
or at each update event (UEV), depending on the auto-reload preload enable bit (ARPE) in TIMx_CR1
register. The update event is sent when the counter reaches the overflow (or underflow when
downcounting) and if the UDIS bit equals 0 in the TIMx_CR1 register. It can also be generated by

software.
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The counter is clocked by the prescaler output CK_CNT, which is enabled only when the counter

enable bit (CEN) in TIMx_CR1 register is set.

Note that the counter starts counting 1 clock cycle after setting the CEN bit in the TIMx_CR register.

Prescaler description

The prescaler can divide the counter clock frequency by any factor between 1 and 65536. It is based
on a 16-bit counter controlled through a 16-bit register (in the TIMx_PSC register). It can be changed

on the fly as this control register is buffered. The new prescaler ratio is taken into account at the next

update event.

Figures below give some examples of the counter behavior when the prescaler ratio is changed on

the fly:

CKPSC FLIIJW

CEN I

Timer clocke CKCNT |_| |_| H |_|
Counter register F7_ XY PYFA(FB(FQ 00 X o1 X 02 X 03 X
Update evenUEVY rl
Prescaler control register 0 X 1
Write a new value in TIM PS
Prescaler buffer 0 X 1
Prescaler counter 0 ﬂﬂﬂﬂﬂﬂ

Figure 19-2 Counter timing diagram with prescaler division change from 1 to 2

oKPsC _fyyutuuyyutuyuyl

CEN I

Timer clocke CKCNT [—I I_I

Counter register 7 XY PYFA(FB(Fg( o0 X o1 X
Update eventUEVY _l

Prescaler control register 0 ,X 3

Write a new value in TIM PS

Prescaler buffer 0 X 3
Prescaler counter 0 ﬂﬂﬂﬂﬂﬂ

Fi ga®eCounter timing diagram with prescaler
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19.3.2. Counter mode

Upcounting mode
In upcounting mode, the counter counts from 0 to the auto-reload value, then restarts from 0 and

generates a counter overflow event.

If the repetition counter is used, the update event (UEV) is generated after downcounting is repeated
for the number of times programmed in the repetition counter register (TIMx_RCR). Else the update

event is generated at each counter underflow.

Setting the UG bit in the TIMx_EGR register (by software or by using the slave mode controller) also

generates an update event.

The UEV event can be disabled by software by setting the UDIS bit in the TIMx_CR1 register. This is
to avoid updating the shadow registers while writing new values in the preload registers. Then no
update event occurs until the UDIS bit has been written to 0. However, the counter restarts from 0, as
well as the counter of the prescaler (but the prescale rate does not change). In addition, if the URS bit
(update request selection) in TIMx_CRL1 register is set, setting the UG bit generates an update event
UEV but without setting the UIF flag (thus no interrupt or DMA request is sent). This is to avoid gener-

ating both update and capture interrupts when clearing the counter on the capture event.

When an update event occurs, all the registers are updated and the update flag (UIF bit in TIMx_SR
register) is set (depending on the URS bit).

A The repetition counter is reloaded with the content of TIMx_RCR register.

A The auto-reload shadow register is updated with the preload value (TIMx_ARR).

A

The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC register).
The following figures show some examples of the counter behavior for different clock frequencies
when TIMx_ARR=0x36.

ckpse Uiuuyyueyyl
CNTEN I
Timer clocke CKCNT

Counter overflow H

Update eventUEY [

Update interrupt flagulp |

Figd®eCounter timing diagram, internal <clock
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CKPSC

CNTEN

|

Timer clocke CKCNT

Counter register 31 ) 32 @ 36 @@@@@
Counter overflow |_|
Update eventUEY [

Update interrupt flagulp |

Auto-reload preload register FF X 36

Write a new value in TIMARR

Figure 19-8 Counter timing diagram, update event when ARPE=0 (TIMx_ARR not preloaded)

CKPSC

RN E AR R RRRARE RN EARE]

CNTEN

Timer clocke CKCNT

Counter overflow |_|

Update eventUEY |_|

Update interrupt flaguIp |

Auto-reload preload register [33) X 36
Auto-reload shadow register 8 5 X 36

Write a new value in TIMARR

Figure 19-9 Counter timing diagram, update event when ARPE=1 (TIMx_ARR preloaded)
Downcounting mode

In downcounting mode, the counter counts from the auto-reload value down to 0, then restarts from

the auto-reload value and generates a counter underflow event.

If the repetition counter is used, the update event (UEV) is generated after downcounting is repeated

for the number of times programmed in the repetition counter register (TIMx_RCR). Else the update

event is generated at each counter underflow.

Setting the UG bit in the TIMx_EGR register (by software or by using the slave mode controller) also

generates an update event.

The UEV event can be disabled by software by setting the UDIS bit in the TIMx_CR1 register. This is

to avoid updating the shadow registers while writing new values in the preload registers. Then no

update event occurs until UDIS bit has been written to 0. However, the counter restarts from the current
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auto-r el oad value, whereas the counter of the prescal e
change).

In addition, if the URS bit (update request selection) in TIMx_CR1 register is set, setting the UG bit

generates an UEV update event but without setting the UIF flag (thus no interrupt and DMA requests

are sent). This is to avoid generating both update and capture interrupts when clearing the counter on

the capture event.

When an update event occurs, all the registers are updated and the update flag (UIF bit in TIMXx_SR

register) is set (depending on the URS bit).

A The repetition counter is reloaded with the content of TIMx_RCR register
A The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC register).
A The auto-reload active register is updated with the preload value (content of the TIMx_ARR reg-

ister).

Note that the auto-reload is updated before the counter is reloaded, so that the next period is the

expected one.

CKPSC . |
\4
CNTEN [

Timer clocle CKCNT uyUuyyyl
Coutte regite 05020302/ 03 00 28/ 23343 =

Counter overflow |_|

Update evenfUEVY |_|

Update interrupt flaguIp |

Figure 19-10 Counter timing diagram, internal clock divided by 1

CNTEN |

[ T T T T

Counter register 0002 X 0001 X 0000X 0036 X 0035) 0034 X 0033(

[
[

Update interrupt flaguIp |

Figure 19-11 Counter timing diagram, internal clock divided by 2
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CKPSC l_U_I_ I_I I_I I_I I_,—I_H_I_‘

CNTEN [

Timer clocke CKCNT |_| |_| |_| |_|
Counter register ooor X 0000 X 0036 X 0035 X
Counter overflow _|

Update evenfUEVY |_|

Update interrupt flaguIp |

Figure 19-12 Counter timing diagram, internal clock divided by 4

CKPSC J I_II_II_II_II_II_II_II—I
CNTEN |
Timer clocke CKCNT |_| , / |_| ﬂ
7
/ /
Counter register 20 >< 1F /, /00 36
7
Counter overflow l—|
Update eventUEY M
Update interrupt flagulp

Figure 19-13 Counter timing diagram, internal clock divided by N

CKPSC IR

CNTEN |

Timer clock CKCNT ERRESREpSaRnpnpupnR RN

Counter register 05 _)(04) 03)(02) 01) 00X 36X 35 34X 33} 3% 3¥ 302
Counter overflow |_|
Update eventUEVY |_|

Update interrupt flagulp |

Auto-reload preload register FF X

/

Write a new value in TIMARR

36

Figure 19-14 Counter timing diagram, update event when repetition counter is not used
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Center-aligned mode (up/down counting)
In center-aligned mode, the counter counts from 0 to the auto-reload value (content of the TIMXx_ARR
register) T 1, generates a counter overflow event, then counts from the auto-reload value down to 1

and generates a counter underflow event. Then it restarts counting from 0.

Center-aligned mode is active when the CMS bits in TIMx_CR1 register are not equal to '0'. The Output
compare interrupt flag of channels configured in output is set when:the counter counts down (Center

aligned modeo), €M® =zofu®ier counts up (Center

counts up and down (Center aligned mode 3, CMS

In this mode, the DIR direction bit in the TIMx_CR1 register cannot be written. It is updated by hardware

and gives the current direction of the counter.

The update event can be generated at each counter overflow and at each counter underflow or by
setting the UG bit in the TIMX_EGR register (by software or by using the slave mode controller) also
generates an update event. In this case, the counter restarts counting from0, as well as the counter of

the prescaler.

The UEV event can be disabled by software by setting the UDIS bit in the TIMx_CRL1 register. This is
to avoid updating the shadow registers while writing new values in the preload registers. Then no
update event occurs until UDIS bit has been written to 0. However, the counter continues counting up

and down, based on the current auto-reload value.

In addition, if the URS bit (update request selection) in TIMx_CR1 register is set, setting the UG bit
generates an UEV update event but without setting the UIF flag (thus no interrupt and DMA requests
are sent). This is to avoid generating both update and capture interrupts when clearing the counter on

the capture event.

When an update event occurs, all the registers are updated and the update flag (UIF bit in TIMx_SR

register) is set (depending on the URS bit).

A The repetition counter is reloaded with the content of TIMx_RCR register
A The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC register).
A The auto-reload active register is updated with the preload value (content of the TIMX_ARR reg-

ister).
Note that if the update source is a counter overflow, the auto-reload is updated before the counter is

reloaded, so that the next period is the expected one (the counter is loaded with the new value).
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Figure 19-15 Counter timing diagram, internal clock divided by 1, TIMx_ARR = 0x6
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19.3.3. Repetition counter

Time-base unit describes how the update event (UEV) is generated with respect to the counter over-
flows/underflows. It is actually generated only when the repetition counter has reached zero. This can

be useful when generating PWM signals.

This means that data are transferred from the preload registers to the shadow registers (TIMx_ARR
auto-reload register, TIMx_PSC prescaler register, but also TIMx_CCRXx capture/compare registers in
compare mode) every N + 1 counter overflows or underflows, where N is the value in the TIMXx_RCR

repetition counter register.

The repetition counter is decremented:

A At each counter overflow in upcounting mode

A At each counter underflow in downcounting mode
A

At each counter overflow and at each counter underflow in center-aligned mode.
Although this limits the maximum number of repetition to 128 PWM cycles, it makes it possible to
update the duty cycle twice per PWM period. When refreshing compare registers only once per PWM

period in center-aligned mode, maximum resolution is 2xTck, due to the symmetry of the pattern.

The repetition counter is an auto-reload type; the repetition rate is maintained as defined by the
TIMx_RCR register value. When the update event is generated by software (by setting the UG bit in
TIMx_EGR register) or by hardware through the slave mode controller, it occurs immediately whatever
the value of the repetition counter is, and the repetition counter is reloaded with the content of the
TIMx_RCR register.

In center-aligned mode, for odd values of RCR, the update event occurs either on the overflow or on
the underflow depending on when the RCR register was written and when the counter was started. If
the RCR was written before starting the counter, the UEV occurs on the overflow. For example, for
RCR = 3, the UEV is generated on each 4th overflow or underflow event depending on when RCR

was written.
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19.3.4. Clock sources

exampl es

depending on

The counter clock can be provided by the following clock sources:

A

> > >

Internal clock (CK_INT)

External clock model:external input pin

External clock mode2:external trigger input ETR

mod e

Internal trigger inputs (ITRx):using one timer as prescaler for another timer. For example, the

user can configure Timer 1 to act as a prescaler for Timer 2.

Internal clock source (CK_INT)
If the slave mode controller is disabled, then the CEN, DIR (in the TIMx_CR1 register) and UG bits

(in the TIMXx_EGR register) are actual control bits and can be changed only by software. As soon as

the CEN bit is written to 1, the prescaler is clocked by the internal clock CK_INT.

The following figure shows the behavior of the control circuit and the upcounter in normal mode,

without prescaler.
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CENCNTEN |

UG F]

CNTINIT [ ]

Counter clock CKCNT=CKPSC

Counter register

31_)32) 33)341 35 36) 09k 01) 02) 03X 04} 05) 081 07)

Figure 19-22 Control circuit in normal mode, internal clock divided by 1

External clock source mode 1

This mode is selected when SMS=111 in the TIMx_SMCR register. The counter can count at each

rising or falling edge on a selected input.
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X 36

TIF

[ ] L
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Write TIEO

Figum®edontrol circui

External clock source mode 2

modéIn exter nal

on exampl

cl ock

This mode is selected by writing ECE=1 in the TIMx_SMCR register. The counter can count at each

rising or falling edge on the external trigger input ETR.
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19.3.5. Capture/Compare channels

| ci

rcui

t in

external

bl ock

cl ock

Each Capture/Compare channel is built around a capture/compare register (including a shadow reg-

ister), an input stage for capture (with digital filter, multiplexing and prescaler) and an output stage

(with comparator and output control).

The input stage samples the corresponding TIx input to generate a filtered signal TIxF. Then, an

edge detector with polarity selection generates a signal (TIxFPx) which can be used as trigger input

by the slave mode controller or as the capture command. It is prescaled before the capture register

(ICxPS).
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The output stage generates an intermediate waveform which is then used for reference:OCXREF

(active high). The polarity acts at the end of the chain.
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Figure 19-28 Capture/compare channel 1 main circuit
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Figure 19-29 Output stage of capture/compare channel (channel 1 to 3)
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19.3.6.
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Figure 19-30 Output stage of capture/compare channel (channel 4)
The capture/compare block is made of one preload register and one shadow register. Write and read

always access the preload register.
In capture mode, captures are actually done in the shadow register, which is copied into the preload
register.

In compare mode, the content of the preload register is copied into the shadow register which is

compared to the counter.

Input capture mode:

In Input capture mode, the capture/compare registers are used to latch the value of the counter after
a transition detected by the corresponding ICx signal. When a capture occurs, the corresponding
CCXIF flag (TIMx_SR register) is set and an interrupt or a DMA request can be sent if they are enabled.
If a capture occurs while the CCxIF flag was already high, then the over-capture flag CCxOF (TIMx_SR

register) is set. CCxI F can be cleared by software

storedinthe TIMx CCRx r egi st er . CCxOF is cleared when

The following example shows how to capture the counter value in TIMx_CCR1 when TI1 input rises.

To do this, use the following procedure:

1. Select the active input:TIMx_CCR1 must be linked to the TI1 input, so write the CC1S bits to 01
in the TIMx_CCMR1 register. As soon as CC1S becomes different from 00, the channel is con-

figured in input and the TIMx_CCRL1 register becomes read-only.

2. Program the needed input filter duration with respect to the signal connected to the timer (by

programming | CxF bits in the TIMx_CCMRx register

when toggling, the input signal is not stable during at most 5 internal clock cycles. We must pro-
gram a filter duration longer than these 5 clock cycles. We can validate a transition on TI1 when
8 consecutive samples with the new level have been detected (sampled at fors frequency). Then
write IC1F bits to 0011 in the TIMX_CCMRL1 register.

3. Select the edge of the active transition on the TI1 channel by writing CC1P bit to O in the
TIMx_CCER register (rising edge in this case).

4. Program the input prescaler. In our example, we wish the capture to be performed at each valid

transition, so the prescal erinthesTIMKiCEMRIL Fegister). wr i t e
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19.3.7.

Enable capture from the counter into the capture register by setting the CC1E bit in the
TIMx_CCER register.

If needed, enable the related interrupt request by setting the CCL1IE bit in the TIMx_DIER register,
and/or the DMA request by setting the CC1DE bit in the TIMx_DIER register.

When an input capture occurs:

A
A

A

The TIMx_CCR1 register gets the value of the counter on the active transition.

CCL1IF flag is set (interrupt flag). CC1OF is also set if at least two consecutive captures occurred

whereas the flag was not cleared.
An interrupt is generated depending on the CCL1IE bit.
A DMA request is generated depending on the CC1DE bit.

In order to handle the overcapture, it is recommended to read the data before the overcapture flag.

This is to avoid missing an overcapture which could happen after reading the flag and before reading

the data.

Note:IC interrupt and/or DMA requests can be generated by software by setting the corresponding
CCxG bit in the TIMx_EGR register.

PWM input mode

This mode is a particular case of input capture mode. The procedure is the same except:

A

>

b3

Two ICx signals are mapped on the same TIx input.
These 2 ICx signals are active on edges with opposite polarity.

One of the two TIXFP signals is selected as trigger input and the slave mode controller is config-

ured in reset mode.

For example, user can measure the period (in TIMx_CCRL1 register) and the duty cycle (in TIMx_CCR2

register) of the PWM applied on TI1 using the following procedure (depending on CK_INT frequency

and prescaler value):

A

>

>

>

>

>

>

Select the active input for TIMx_CCR1:write the CC1S bits to 01 in the TIMx_CCMRL1 register
(T11 selected).

Select the active polarity for TILFP1 (used both for capture in TIMx_CCR1 and counter
clear)wr i t e the GOGCIRchiitvet®mn6Gi sing edge).
Select the active input for TIMx_CCR2:write the CC2S bits to 10 in the TIMx_CCMRL1 register
(T11 selected).

Select the active polarity for TILFP2 (used for capture in TIMx_ CCR2):wr i t e t he CC2Pbit

(active on falling edge).
Select the valid trigger input:write the TS bits to 101 in the TIMx_SMCR register (TI1LFP1 selected).

Configure the slave mode controller in reset mode:write the SMS bits to 100 in the TIMx_SMCR

register.

Enable the capturesswr i t e t he CC1E 46di 6C2EebiTit Mxt €C&ER
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19.3.8.

19.3.9.

T l

TIMx CNT

0004 X o‘o\oo X 0001 0002 X (\({03)( 0004 X ob\oo)(:

TIMx CCR \ 0004 \ \
TIMx CCR \ 0002 \ \
IC1 captur IC capture 12 captur
IC2 capture Pulse width period
Reset counter measurement measurement

Figure 19-31 PWM input mode timing

Forced output mode

In output mode (CCxS bits = 00 in the TIMx_CCMRX register), each output compares signal (OCxREF
and then OCx/OCxN) can be forced to active or inactive level directly by software, independently of
any comparison between the output compare register and the counter. To force an output compare
signal (OCXREF/OCX) to its active level, you just need to write 101 in the OCxM bits in the corre-
sponding TIMx_CCMRKX register. Thus OCxXREF is forced high (OCxXREF is always active high) and
OCx get opposite value to CCxP polarity bit.

For example:CCxP=0 (OCx active high) => OCx is forced to high level. The OCxXREF signal can be
forced low by writing the OCxM bits to 100 in the TIMx_CCMRX register.

Anyway, the comparison between the TIMx_CCRx shadow register and the counter is still performed
and allows the flag to be set. Interrupt and DMA requests can be sent accordingly. This is described

in the output compare mode section below.

Output compare mode

This function is used to control an output waveform or indicating when a period of time has elapsed.
When a match is found between the capture/compare register and the counter, the output compare

function:

A Assigns the corresponding output pin to a programmable value defined by the output compare
mode (OCxM bits in the TIMx_CCMRXx register) and the output polarity (CCxP bit in the
TIMx_CCER register). The output pin can keep its level (OCXM=000), be set active (OCxM=001),
be set inactive (OCxM=010) or can toggle (OCxM=011) on match.

>

Sets a flag in the interrupt status register (CCxIF bit in the TIMx_SR register).

>

Generates an interrupt if the corresponding interrupt mask is set (CCXIE bit in the TIMx_DIER
register).

Sends a DMA request if the corresponding enable bit is set (CCxDE bit in the TIMx_DIER register,
CCDS bit in the TIMx_CR?2 register for the DMA request selection).
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The TIMx_CCRX registers can be programmed with or without preload registers using the OCxPE bit
in the TIMx_CCMRX register. In output compare mode, the update event UEV has no effect on
OCXREF and OCx output.

The timing resolution is one count of the counter. Output compare mode can also be used to output
a single pulse (in one pulse mode).

Procedure:

1. Select the counter clock (internal, external, prescaler).

2. Write the desired data in the TIMx_ARR and TIMx_CCRX registers.

3. Set the CCxIE bit if an interrupt request is to be generated.

4. Select the output mode. For example:

b Write OCxM = 011 to toggle OCx output pin when
b Write OCxPE = 0 to disable preload register

b Write CCxP = 0 to select active high polarity
b Write CCxE = 1 to enable the output

5. Enable the counter by setting the CEN bit in the TIMx_CR1 register.
The TIMx_CCRX register can be updated at any time by software to control the output waveform,
provided that the preload register is not enabl ed

updated only at the next update event UEV). An example is given in the figure below.

Write B201in the CAR register

00X__ B01 )

Counter register X 003A X 0038 )32
TIMx CCR 003A ¢ B201

OQREEOQ |

Match detected on CAR
Interrupt generated if enabled

Figure 19-32 Output compare mode, toggle on OC1

19.3.10. PWM mode

Pulse Width Modulation mode allows you to generate a signal with a frequency determined by the

value of the TIMx_ARR register and a duty cycle determined by the value of the TIMx_CCRX register.

The PWM mode can be selected independently on each channel (one PWM per OCx output) by writing
61106 (PWM mo@WMigde 2) in thehACKM kits in the TIMx_CCMRX register. You must
enable the corresponding preload register by setting the OCxPE bit in the TIMx_CCMRX register, and
eventually the auto-reload preload register (in upcounting or center-aligned modes) by setting the
ARPE bit in the TIMx_CR1 register.

As the preload registers are transferred to the shadow registers only when an update event occurs,
before starting the counter, all registers must be initialized by setting the UG bit in the TIMx_EGR

register.
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OCx polarity is software programmable using the CCxP bit in the TIMx_CCER register. It can be pro-

grammed as active high or active low. OCx output is enabled by a combination of the CCxE, CCxNE,

MOE, OSSI and OSSR bits (TIMx_CCER and TIMx_BDTR registers). Refer to the TIMx_CCER reg-

ister description for more details.

In PWM mode (1 or 2), TIMx_CNT and TIMx_CCRXx are always compared to determine whether

TI Mx _CCRx O TI Mx_CNT or

TI Mx _CNT O TI Mx_CCRX

(depen

The timer is able to generate PWM in edge-aligned mode or center-aligned mode depending on the

CMS bits in the TIMx_CRL1 register.

PWM edge-alighed mode

A Upcounting configuration

Upcounting is active when the DIR bit in the TIMx_CR1 register is low. In the following example, we

consider PWM mode 1. The reference PWM signal OCXREF is high as long as TIMx_CNT <

TIMx_CCRXx else it becomes low. If the compare value in TIMx_CCRXx is greater than the auto-reload

value (in TlIMx_ARR) then OCxREF i shenhOCxRefisdeldat 106 . | f
6006. Figure bel o-alignechPiVMMavaveformsedn ar ekanmle where TIMX_ARR=8.
Counter regjster O 2EEEEEE0D
OCXREF
CCRx4 I—,i
CCHF |
OCXREE
CCR=8 L]
CC1E
OCXREE 1
CCR8
CC1E
OCXREF 0
CCRx0
CCHE |

Fi gu®eXdgael i gned

A Downcounting configuration

PWM wavefor ms

Downcounting is active when DIR bit in TIMx_CR1 register is high.

( ARR=8)

In PWM mode 1, the reference signal OCxRef is low as long asTIMx_CNT > TIMx_CCRXx else it be-

comes high. If the compare value in TIMXx_CCRX is greater than the auto-reload value in TIMXx_ARR,

then OCXxREF is held at 616. 0% PWM i s
PWM center-aligned mode
Centerral i gned mode is active when the CMS

not possible

bits in TI M

remaining configurations having the same effect on the OCxRef/OCx signals). The compare flag is

set when the counter counts up, when it counts down or both when it counts up and down depending
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on the CMS bits configuration. The direction bit (DIR) in the TIMx_CR1 register is updated by hard-

ware and must not be changed by software.

Figure below shows some center-aligned PWM waveforms in an example where:

A  TIMx ARR=8
A PWM mode is the PWM mode 1
A The flag is set when the counter counts down corresponding to the center-aligned mode 1 se-
lected for CMS=01 in TIMx_CR1 register.
Counter register X 0 X 1X 2 X 3§ 4X 56X 7X 8K 7X 6X5 X4 X 3K 2X 10X 1)
OCXREE
OCRx4 | |
CCHF CMS01 s
cmsio A
cms11 A A
OCXREF
CCRx7 L
CCF CMs100r 11 |
OCXREF
b cmsor ba
CCRs8
CCiF CMS10
CM$11 A
OCXREF—L
CCR8 CMS01 A
CCtF CMS10 A
CMS$11 A
OCXREF—0
CCRO CMS01
f CMS$10 f
CC4F CMS11
A 7

19.3.11.

Figure 19-34 Center-aligned PWM waveforms (ARR=8)

Hints on using center-aligned mode:

A When starting in center-aligned mode, the current up-down configuration is used. It means that

the counter counts up or down depending on the value written in the DIR bit in the TIMx_CR1

register. Moreover, the DIR and CMS bits must not be changed at the same time by the software.

>

Writing to the counter while running in center-aligned mode is not recommended as it can lead

to unexpected results. In particular:The direction is not updated if you write a value in the coun-

ter that is greater than the auto-reload value (TIMx_CNT>TIMx_ARR). For example, if the coun-

ter was counting up, it continues to count up. The direction is updated if you write O or write the

TIMx_ARR value in the counter but no Update Event UEV is generated.

>

The safest way to use center-aligned mode is to generate an update by software (setting the

UG bit in the TIMx_EGR register) just before starting the counter and not to write the counter

while it is running.

Complementary outputs and dead-time insertion

The advanced-control timers (TIM1) can output two complementary signals and manage the switching-

off and the switching-on instants of the outputs. This time is generally known as dead-time, and you
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have to adjust it depending on the devices you have connected to the outputs and their characteristics

(intrinsic delays of level-shifters, delays due to power switches...)

You can select the polarity of the outputs (main output OCx or complementary OCxN) independently
for each output. This is done by writing to the CCxP and CCxNP bits in the TIMx_CCER register.

The complementary signals OCx and OCxN are activated by a combination of several control bits:the
CCxE and CCxNE bhits in the TIMx_CCER register and the MOE, OISx, OISxN, OSSI and OSSR bits
in the TIMx_BDTR and TIMx_CR2 registers. In particular, the dead-time is activated when switching
to the IDLE state (MOE falling down to 0).

Dead-time insertion is enabled by setting both CCxE and CCxNE bits, and the MOE bit if the break

circuitis present. There is one 8-bit dead-time generator for each channel. From a reference waveform
OCXREF, it generates 2 outputs OCx and OCxN. If OCx and OCxN are active high:

A The OCx output signal is the same as the reference signal except for the rising edge, which is
delayed relative to the reference rising edge.

A The OCxN output signal is the opposite of the reference signal except for the rising edge, which
is delayed relative to the reference falling edge.

If the delay is greater than the width of the active output (OCx or OCxN) then the corresponding pulse

is not generated.

The following figures show the relationships between the output signals of the dead-time generator

and the reference signal OCXREF. (we suppose CCxP=0, CCxNP=0, MOE=1, CCxE=1 and CCxNE=1

in these examples)

OCXREF |
OoCcX
|
OCXN | |
<«—>» delay <«—>» delay
Figure 19-35 Complementary output with dead-time insertion
OCXREF
OCX |— |
OCXN <—>» delay

Figure 19-36 Dead-time waveforms with delay greater than the negative pulse

OCXREF
[ ]
OCX
OCXN | <«—>| delay

Figure 19-37 Dead-time waveforms with delay greater than the positive pulse.
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The dead-time delay is the same for each of the channels and is programmable with the DTG bits in
the TIMx_BDTR register.

Re-directing OCXREF to OCx or OCxN

In output mode (forced, output compare or PWM), OCxXREF can be re-directed to the OCx output or
to OCxN output by configuring the CCxE and CCXNE bits in the TIMx_CCER register. This allows you
to send a specific waveform (such as PWM or static active level) on one output while the complemen-
tary remains at its inactive level. Other alternative possibilities are to have both outputs at inactive level

or both outputs active and complementary with dead-time.

Note:When only OCxN is enabled (CCxE=0, CCxNE=1), it is not complemented and becomes active
as soon as OCxREF is high. For example, if CCxNP=0 then OCxN=0OCXxREF. On the other hand, when
both OCx and OCxN are enabled (CCXxE=CCxNE=1) OCx becomes active when OCXREF is high

whereas OCxN is complemented and becomes active when OCxXREF is low.

19.3.12. Using the break function

When using the break function, the output enable signals and inactive levels are modified according
to additional control bits. In any case, the OCx and OCxN outputs cannot be set both to active level

at a given time.

The source for break (BRK) channel can be an external source connected to the BKIN pin or one of

the following internal sources:

A the CPU LOCKUP output

A the PVD output

A aclock failure event generated by the CSS detector
A

the output from a comparator
When exiting from reset, the break circuit is disabled and the MOE bit is low. You can enable the break
function by setting the BKE bit in the TIMx_BDTR register. The break input polarity can be selected by
configuring the BKP bit in the same register. BKE and BKP can be modified at the same time. When
the BKE and BKP bits are written, a delay of 1 APB clock cycle is applied before the writing is effective.
Consequently, it is necessary to wait 1 APB clock period to correctly read back the bit after the write

operation.

MOE falling edge can be asynchronous, thus a resynchronization circuit has been inserted between
the actual signal (acting on the outputs) and the synchronous control bit (accessed in the TIMx_BDTR
register). It results in some delays between the asynchronous and the synchronous signals. In partic-
ular, if you write MOE to 1 whereas it was low, you must insert a delay (dummy instruction) before
reading it correctly. This is because the write acts on the asynchronous signal whereas the read re-

flects the synchronous signal.
When a break occurs (selected level on the break input):

A The MOE bit is cleared asynchronously, putting the outputs in inactive state, idle state or in reset

state (selected by the OSSI bit). This feature functions even if the MCU oscillator is off.
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b~

b~

b3

>

Each output channel is driven with the level programmed in the OISx bit in the TIMXx_CR2 register
as soon as MOE=0. If OSSI=0 then the timer releases the enable output else the enable output

remains high.
When complementary outputs are used:

[ The outputs are first put in reset state inactive state (depending on the polarity). This is

done asynchronously so that it works even if no clock is provided to the timer.

i If the timer clock is still present, then the dead-time generator is reactivated in order to drive
the outputs with the level programmed in the OISx and OISxN bits after a dead-time. Even
in this case, OCx and OCxN cannot be driven to their active level together. Note that be-
cause of the resynchronization on MOE, the dead-time duration is a bit longer than usual

(around 2 ck_tim clock cycles).

i If OSSI=0 then the timer releases the enable outputs else the enable outputs remain or be-
come high as soon as one of the CCxE or CCxNE bits is high.

The break status flag (BIF bit in the TIMx_SR register) is set. An interrupt can be generated if

the BIE bit in the TIMx_DIER register is set.

If the AOE bit in the TIMx_BDTR register is set, the MOE bit is automatically set again at the next

update event UEV. This can be used to perform a regulation, for instance. Else, MOE remains

l ow until it is written to 616 again. I'n thi

be connected to an alarm from power drivers, thermal sensors or any security components.

Note:The break inputs are active on level. Thus, the MOE cannot be set while the break input is active

(neither automatically nor by software). In the meantime, the status flag BIF cannot be cleared.

The break can be generated by the BRK input which has a programmable polarity and an enable bit
BG in the TIMXx_BDTR Register.

In addition to the break input and the output management, a write protection has been implemented

inside the break circuit to safeguard the application. It allows to freeze the configuration of several

parameters (dead-time duration, OCx/OCxN polarities and state when disabled, OCxM configurations,

break enable and polarity). The application can choose from 3 levels of protection selected by the
LOCK bits in the TIMx_BDTR register. The LOCK bits can be written only once after an MCU reset.

The figure below shows an example of behavior of the outputs in response to a break.
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19.3.13.

BREAK\‘
OCXREE
OCx

g)cCXN not implementedC CxP0, OISx1)
X

E)Oé:xN not implementedC CxP0, OISx0)
X

g)((::xN not implementedCCxB1, OISx1)
X

(OCxN not implementedCCxP1, OISx0)

JIELL

OCx

dela dela
OCxN ¥ Y detay

(OCxE1, CCxP0, OISx0, CCxNEL, CCxNRO, OISxN1)

OCx delah ﬂdelay ‘1:, delay

OCxN
(OCxEL, CCxEQ, OISx1, CCxNEL, CCxNEL, OISxN1)

OCx |<—> delay
OCxN

(OCxEL, CCxEQ, OISx0, CCxNED, CCxNEQ, OISxN1)

OCx

OCxN

(OCxEL, CCxEQ, OISx1, CCxNED, CCxNEQ, OISxN0) <©» delay
OCx —\—,—l
OCxN

(OCXEL, CCxPBO, CCxNED, CCxNEO, OISxOISxN0 or OISxOISxN1)

Fi gd©3e80ut put behavior in response to a

Clearing the OCXREF signal on an external event

The OCXREF signal for a given channel can be driven Low by applying a High level to the ETRF input
(OCxCE enable bitoft he corresponding Tl Mx_ _CCMRx register

Low until the next update event, UEV, occurs.

This function can only be used in output compare and PWM modes. It does not work in forced mode.
While OCREF_CLR_INPUT can be selected between OCREF_CLR and ETRF (after ETR filtering)
by configuring the OCCS bit in the TIMx_SMCR register.

For example, the OCXREF signal can be connected to the output of a comparator to be used for current
handling. In this case, ETR must be configured as follows:

1. The external trigger prescaler should be kept off:bits ETPS [1:0] in the TIMXx_SMCR register are
cleared to 0O.

2. The external clock mode 2 must be disabled:bi t ECE of the TI Mx_SMCR
3. The external trigger polarity (ETP) and the external trigger filter (ETF) can be configured according
to the user needs.

The figure below shows the behavior of the OCXREF signal when the ETRF Input becomes High, for

both values of the enable bit OCxCE. In this example, the timer TIMx is programmed in PWM mode.
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(CCRK
CounteXCN7J

ETRF [ ]

OCXREPCXCH)

[ N S N .

OCXREPCXCEL)

OCXREFELR / A:VXRE_K:LR

becomes high still high

L1 |

Fi gum®3e0OCxREF for clearing

19.3.14. 6-step PWM generation

TI

M1

When complementary outputs are used on a channel, preload bits are available on the OCxM, CCxE

and CCxNE bits. The preload bits are transferred to the shadow bits at the COM commutation event.

Thus you can program in advance the configuration for the next step and change the configuration of

all the channels at the same time. COM can be generated by software by setting the COM bit in the

TIMx_EGR register or by hardware (on TRGI rising edge).

A flag is set when the COM event occurs (COMIF bit in the TIMx_SR register), which can generate an
interrupt (if the COMIE bit is set in the TIMx_DIER register) or a DMA request (if the COMDE bit is set

in the TIMx_DIER register).

The figure below describes the behavior of the OCx and OCxN outputs when a COM event occurs, in

3 different examples of programmed configurations.
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(CCRX
CounteCNT. /
OCxREF
Write COM to?L‘l—\
COM event
CCxEl ) CCxEl
CCXNED V‘Ef”te OCM ?Lgo CCXNED
orced inactivi
Examplel OC?Cxl\/tllO(pwml) ‘{‘l | | OOXML00
OCxN
Write CCxNE ti
CCxEL and OCxM td01 CCxED
CCxNBED (force«tactive) CCxNEL
Example2 OCOCxl\A=100(forced inactive OCxM101
OCxN -
Write CCxNE t0
CCxEL and OCxM td 00 CCxEL
CCxNEL (forced inactive CCxNBD
OCxM110(pwml) W\‘ OCxM100
Example3 oc | | |
OCxN

Fi gu®de®lB-st ep generati on, COM example (OSSR=1]

19.3.15. One-pulse mode

One-pulse mode (OPM) is a particular case of the previous modes. It allows the counter to be started
in response to a stimulus and to generate a pulse with a programmable length after a programmable
delay.

Starting the counter can be controlled through the slave mode controller. Generating the waveform
can be done in output compare mode or PWM mode. One-pulse mode is selected by setting the OPM
bit in the TIMx_CR1 register. This makes the counter stop automatically at the next update event UEV.
A pulse can be correctly generated only if the compare value is different from the counter initial value.

Before starting (when the timer is waiting for the trigger), the configuration must be:

A" InupcountnggCNT < CCRx O ARR (in particular, 0O < CCRx)

A In downcounting:CNT > CCRx
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OCQREF
oa: ’
TIML_AR
TIML_CC i
8 _,J"_,_
c
]
o
(@]
0 4 >
<> t
tDELAY tPULSE

Figure 19-41 Example of one pulse mode

For example, one may want to generate a positive pulse on OC1 with a length of truLse and after a

delay of toeLay as soon as a positive edge is detected on the TI2 input pin.

Using TI2FP2 as trigger:

> >

>

b3

Map TI2FP2 on TI2 by writing CC2S=01 in the TIMx_CCMRL1 register.
TI2FP2 must detect a rising edge, write CC2P=0 in the TIMx_CCER register.

Configure TI2FP2 as trigger for the slave mode controller (TRGI) by writing TS=110 in the
TIMx_SMCR register.

TI2FP2 is used to start the counter by writing SMS to '110' in the TIMx_SMCR register (trigger

mode).

The OPM waveform is defined by writing the compare registers (taking into account the clock fre-

guency and the counter prescaler).

A
A

>

The toeLay is defined by the value written in the TIMx_CCRL1 register.

The truLse is defined by the difference between the auto-reload value and the compare value
(TIMX_ARR - TIMx_CCR1).

Letds say one want to build a waveform with

occurs and a transiti on freaches thé dufo-retoad valueé.do de this n

PWM mode 2 must be enabled by writing OC1M=111 in the TIMXx_CCMRL1 register. Optionally
the preload registers can be enabled by writing OC1PE="1" in the TIMx_CCMR1 register and
ARPE in the TIMx_CR1 register. In this case one has to write the compare value in the
TIMx_CCR1 register, the auto-reload value in the TIMX_ARR register, generate an update by

setting the UG bit and wait for external tri

In our example, the DIR and CMS bits in the TIMx_CR1 register should be low.

The user only wants one pulse (Single mode),

register to stop the counter at the next update event (when the counter rolls over from the auto-reload

value back to 0).
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Particular case:OCx fast enable:
In One-pulse mode, the edge detection on TIx input set the CEN bit which enables the counter. Then
the comparison between the counter and the compare value makes the output toggle. But several

clock cycles are needed for these operations, and it limits the minimum delay toeLay min we can get.

If one wants to output a waveform with the minimum delay, the OCxFE bit can be set in the
TIMx_CCMRX register. Then OCXREF (and OCx) is forced in response to the stimulus, without taking
in account the comparison. Its new level is the same as if a compare match had occurred. OCxFE acts

only if the channel is configured in PWM1 or PWM2 mode.

19.3.16. Encoder interface mode

To select Encoder Interface mode:write SMS="001" in the TIMx_SMCR register if the counter is count-
ing on TI2 edges only, SMS=010 if it is counting on TI1 edges only and SMS=011 if it is counting on
both TI1 and TI2 edges.

Select the TI1 and TI2 polarity by programming the CC1P and CC2P bits in the TIMx_CCER register.

When needed, you can program the input filter as well.

The two inputs TI1 and TI2 are used to interface to an incremental encoder. The counter is clocked by
each valid transition on TI1FP1 or TI2FP2 (TI1 and TI2 after input filter and polarity selection,
TILFP1=TI1 if not filtered and not inverted, TI2FP2=TI2 if not filtered and not inverted) assuming that
it is enabled (CEN bit inTlMx_ _CR1 register written
is evaluated and generates count pulses as well as the direction signal. Depending on the sequence
the counter counts up or down, the DIR bit in the TIMx_CR1 register is modified by hardware accord-
ingly. The DIR bit is calculated at each transition on any input (TI1 or TI2), whatever the counter is

counting on TI1 only, TI2 only or both TI1 and TI2.

Encoder interface mode acts simply as an external clock with direction selection. This means that the
counter just counts continuously between 0 and the auto-reload value in the TIMXx_ARR register (0 to
ARR or ARR down to 0 depending on the direction). So the TIMx_ARR must be configured before
starting. In the same way, the capture, compare, prescaler, repetition counter, trigger output features
continue to work as normal. Encoder mode and External clock mode 2 are not compatible and must
not be selected together. In this mode, the counter is modified automatically following the speed and
the direction of the quadrature encoder and its <co
position. The count direction corresponds to the rotation direction of the connected sensor. The table

summarizes the possible combinations, assuming TI1 and TI2 do not switch at the same time.

Tabl®Countdimgcti on versus encoder signal s

Level on opposi TI1FP1 sign TI 2FP2 si gf
Active

(TI1TFP1T for TI 2, Ri sing Fal lin Ri sin Fal |l i
Count in Hi gh Down Up No coul No cou
TI'1 on Low Up Down No coul No cou
Count in Hi gh No cou No cou Up Down
T1I 2 on Low No cou No cou Down Up
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Level on opposi TI1FP1 sign TI 2FP2 si gn
Acti ve
(TI1FP1 for TI 2, Ri sing Fal lin Ri sin Fal |l i
Count in Hi gh Down Up Up Down
Tl 1 anq Low Up Down Down Up
An external incremental encoder can be connected directly to the MCU without external interface logic.
However, comparators are normally used to convert
This greatly increases noise immunity. The third encoder output which indicate the mechanical zero
position, may be connected to an external interrupt input and trigger a counter reset.
The figure below gives an example of counter operation, showing count signal generation and direction
control. It also shows how input jitter is compensated where both edges are selected. This might occur
if the sensor is positioned near to one of the switching points. For this example, we assume that the
configuration is the following:
A CC1S='01" (TIMx_CCMRA1 register, TIIFP1 mapped on TI1).
A CC2S='01" (TIMx_CCMR?2 register, TI2FP2 mapped on TI2).
A CC1P ='0"(TIMx_CCER register, TILFP1 is not inverted, TI1IFP1 = TI1)
A CC2P ='0' (TIMx_CCER register, TI2FP2 is not inverted, TI2FP2 = TI2)
A SMS=011 (TIMx_SMCR register, both inputs are active on both rising and falling edges)
A CEN='1'(TIMx_CR1 register, counter enabled)
forward jitter backward jitter forward
w o rquyrrerre e
SRR I I S B I S S B
Counter up down P
Figure 19-42 Example of counter operation in encoder interface mode
forward jitter backward jitter forward
T
TR
Counter _LLLl
down up down
Figure 19-43 Example of encoder interface mode with TI1FP1 polarity inverted
The timer, when configured in Encoder I nterface

position. Dynamic information can be obtained (speed, acceleration, deceleration) by measuring the

271/630

t

mo



PY32F004-EP Reference Manual

period between two encoder events using a second timer configured in capture mode. The output of
the encoder which indicates the mechanical zero can be used for this purpose. Depending on the time
between two events, the counter can also be read at regular times. This can be done by latching the
counter value into a third input capture register if available (then the capture signal must be periodic
and can be generated by another timer). When available, it is also possible to read its value through a

DMA request generated by a real-time clock.

19.3.17. Timer input XOR function

The TI1S bit in the TIM_CR2 register, allows the input filter of channel 1 to be connected to the output
of a XOR gate, combining the three input pins TIMx_CH1, TIMx_CH2 and TIMx_CH3.

The XOR output can be used with all the timer input functions such as trigger or input capture.

19.3.18. Interfacing with Hall sensors

This is done using the advanced-control timers (TIM1) to generate PWM signals to drive the motor
and another timer TIM3 referred to as interfacing timer. The interfacing timer captures the 3 timer input
pins (CC1, CC2, CC3) connected through an XOR to the TI1 input channel (selected by setting the
TI1S bit in the TIMx_CR2 register).

The slave mode controller is configured in reset mode, the slave input is TILF_ED. Thus, each time
one of the 3 inputs toggles, the counter restarts counting from 0. This creates a time base triggered by

any change on the Hall inputs.

On the interfacing timer, capture/compare channel 1 is configured in capture mode, capture signal is
TRC. The captured value, which corresponds to the time elapsed between 2 changes on the inputs,

gives information about motor speed.

The interfacing timer can be used in output mode to generate a pulse which changes the configuration
of the channels of the advanced-control timer (TIM1) (by triggering a COM event). The TIM1 timer is
used to generate PWM signals to drive the motor. To do this, the interfacing timer channel must be
programmed so that a positive pulse is generated after a programmed delay (in output compare or

PWM mode). This pulse is sent to the advanced-control timer (TIM1) through the TRGO output.

Example:one wants to change the PWM configuration of the advanced-control timer after a pro-

grammed delay each time a change occurs on the Hall inputs connected to one of the TIMx timers.

A  Configure 3 timer inputs ORed to the TI1 input channel by writing the TI1S bit in the TIMx_CR2
register to 0616.

A  Program the time base:write the TIMXx_ARR to the max value (the counter must be cleared by the
TI1 change. Set the prescaler to get a maximum counter period longer than the time between 2
changes on the sensors.

A Program the channel 1 in capture mode (TRC selected):write the CC1S bits in the TIMx_CCMR1
register t o 4 dad also Betpogrammediif needed. f i

A Program channel 2 in PWM 2 mode with the desired delaywr i t e t he OC2M bits
CC2S bits to 6006 in the TIMx_CCMR1 registe

A Select OC2REF as trigger output on TRGO:write the MMS bits in the TIMx_CR2regist er t o

-
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In the advanced-control timer TIM1, the right ITR input must be selected as trigger input, the timer is
programmed to generate PWM signals, the capture/compare control signals are preloaded (CCPC=1
in the TIMx_CR?2 register) and the COM event is controlled by the trigger input (CCUS=1 in the
TIMx_CR2 register). The PWM control bits (CCxE, OCxM) are written after a COM event for the next

step, which can be done in an interrupt subroutine generated by the rising edge of OC2REF.

TH — |
TH
THS L g
ounte(CNJ
comecn //L/l//l//l//L/
ccr X _cm3 X cm X cr9a X crs X cimB X €196 X

TRG=OQREF | | || | ] | ] || L L

com ] ] | ] ] ] M
oa — [TV [T
OQaN r I—
oe IR TR TEAL
OQ@N ,7
e LU ERERLTERAL
OGN

[ |
S SSSSS

and OCxM for next step

FigadesExample of Hall sensor interface
19.3.19. TIMx and external trigger synchronization

The TIMx timer can be synchronized with an external trigger in several modes:Reset mode, Gated
mode and Trigger mode.

Slave mode:Reset mode

The counter and its prescaler can be reinitialized in response to an event on a trigger input. Moreover,

if the URS bit from the TIMx_CR1 register is low, an update event UEV is generated. Then all the
preloaded registers (TIMX_ARR, TIMx_CCRXx) are updated.

In the following example, the upcounter is cleared in response to a rising edge on TI1 input:

A Configure the channel 1 to detect rising edges on TI1. Configure the input filter duration (in this

example, we do not need any filter, so we keep IC1F=0000). The capture prescaler is not used
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for triggering, so it does not need to be configured. The CCL1S bits select the input capture source
only, CC1S=01 in TIMXx_CCMRL1 register. Write CC1P=0 in TIMx_CCER register to validate the
polarity (and detect rising edges only).

A Configure the timer in reset mode by writing SMS=100 in TIMXx_SMCR register. Select TI1 as the
input source by writing TS=101 in TIMx_SMCR register.

A Enable the counter by writing CEN=1 in the TIMx_CR1 register.

The counter starts counting on the internal clock, then behaves normally until TI1 rising edge. When

TI1 rises, the counter is cleared and restarts from 0. In the meantime, the trigger flag is set (TIF bit in

the TIMx_SR register) and an interrupt request, or a DMA request can be sent if enabled (depending

on the TIE and TDE bits in TIMx_DIER register).

The following figure shows this behavior when the auto-reload register TIMx_ARR=0x36. The delay
between the rising edge on TI1 and the actual reset of the counter is due to the resynchronization

circuit on TI1 input.

CKPSC |
UG I
Count clock=ck cnt=ck psc

Counter register 31 } 32} 33) 34} 35X 36},00( 01} 02)(03 00} 01} 02X 03
TIF

Figa®exXontr ol circuit in reset mode
Slave mode:Gated mode

The counter can be enabled depending on the level of a selected input.

In the following example, the upcounter counts only when TI1 input is low:

A Configure the channel 1 to detect low levels on TI1. Configure the input filter duration (in this
example, we do not need any filter, so we keep IC1F=0000). The capture prescaler is not used
for triggering, so it does not need to be configured. The CC1S bits select the input capture source
only, CC1S=01 in TIMx_CCMR1 register. Write CC1P=1 in TIMXx_CCER register to validate the
polarity (and detect low level only).

A Configure the timer in gated mode by writing SMS=101 in TIMx_SMCR register. SelectTI1 as the
input source by writing TS=101 in TIMx_SMCR register.

A Enable the counter by writing CEN=1 in the TIMx_CR1 register. In gated mode, the counter
doesndt s=H0avhatever i§ theGrigdér input level.

The counter starts counting on the internal clock as long as TI1 is low and stops as soon as TI1

becomes high. The TIF flag in the TIMx_SR register is set both when the counter starts or stops.

The delay between the rising edge on TI1 and the actual stop of the counter is due to the resynchro-

nization circuit on TI1 input.
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T
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Count clock=ck cnt=ck psc
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TIF
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N

Write TIF=0 /

Figu®eContr ol

C

The selected event on the input enables the counter.

i rcuit

in Gated mode

In the following example, the upcounter starts in response to a rising edge on TI2 input:

1.

Configure the channel 2 to detect rising edges on TI2. Configure the input filter duration (in this

example, we do not need any filter, so we keep IC2F=0000). The capture prescaler is not used for

triggering, so it does not need to be configured. The CC2S bits are configured to select the input

capture source only, CC2S=01 in TIMx_CCMRL1 register. Write CC2P=1 in TIMx_CCER register

to validate the polarity (and detect low level only).

input source by writing TS=110 in TIMx_SMCR register.

Configure the timer in trigger mode by writing SMS=110 in TIMXx_SMCR register. Select TI2 as the

When a rising edge occurs on TI2, the counter starts counting on the internal clock and the TIF flag is

set. The delay between the rising edge on TI2 and the actual start of the counter is due to the resyn-

chronization circuit on TI2 input.

TR

CNTEN

Count clock=ck cnt=ck psc

(LU

Counter register 34 E@@
TIF
Figa®@Control circuit in Gated mode

Slave mode:external clock mode 2 + trigger mode

The external clock mode 2 can be used in addition to another slave mode (except external clock mode

1 and encoder mode). In this case, the ETR signal is used as external clock input, and another input

can be selected as trigger input when operating in reset mode, gated mode or trigger mode. It is
recommended not to select ETR as TRGI through the TS bits of TIMx_SMCR register.

In the following example, the upcounter is incremented at each rising edge of the ETR signal as soon

as a rising edge of TI1 occurs:

A Configure the external trigger input circuit by programming the TIMx_SMCR register as follows:
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b ETF =nofiter0 0
b E T P S:prescalkefdisabled
b E T P:detectién of rising edges on ETR and ECE=1 to enable the external clock mode 2.

A Configure the channel 1 as follows, to detect rising edges on TI:
b | C1F :mofi@000
b The capture prescaler is not used fmed triggerin
b CC1S=01 in Tl Mx_CCMR1 register to select only t
Write CC1P=0 in TIMx_CCER register to validate the polarity (and detect rising edges only).
A Configure the timer in trigger mode by writing SMS=110 in TIMx_SMCR register. Select TI1 as
the input source by writing TS=101 in TIMXx_SMCR register.
Arising edge on TI1 enables the counter and sets the TIF flag. The counter then counts on ETR rising
edges. The delay between the rising edge of the ETR signal and the actual reset of the counter is due

to the resynchronization circuit on ETRP input.

T ,_l

CNTEN |

LI I S B S A

CKPSC N 7]
CNT 34 X 35 X 36

TIF |

Fi gu®e8ontr ol circuit in external clock mode

19.3.20. Timer synchronization

The TIM timers are linked together internally for timer synchronization or chaining. When one timer is
in master mode, it can reset, start, stop, etc. the counter of another timer in slave mode. Refer to

Section 22.3.14, Timer synchronization for details.

19.3.21. Debug mode

When the microcontroller enters debug mode, the TIMx counter either continues to work normally or

stops, depending on DBG_TIMx_STOP configuration bit in DBG module.
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19.4. TIM1 registers

19.4.1. TIM1 control register 1 (TIM1_CR1)

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 CKD [1:0] ARPE CMS [1:0] DIR | OPM | URS | UDIS | CEN
- - - - - - RW RW RW RW | RW RW | RW RW
Bit Name R/W Reset Value Function
31:10 Reserved - - Reserved
Clock division
This bit-field indicates the division ratio between the timer
clock (CK_INT) frequency and the dead-time and sampling
clock (tors) used by the dead-time generators and the digital
9:8 CKD [1:0] RW % filters (ETR, TIX)
00:tpTs = tek NT
01:tots = 2 X tek NT
10:tots = 4 X tek INT
11:Reserved, do not program this value
Auto-reload preload enable
7 ARPE RW 0 0:TIMx_ARR register is not buffered
1:TIMX_ARR register is buffered
Center-aligned mode selection
00:Edge-aligned mode. The counter counts up or down de-
pending on the direction bit (DIR).
01:Center-aligned mode 1. The counter counts up and down
alternatively. Output compare interrupt flags of channels
6:5 CMS [1:0] RW 00 configured in output (CCxS=00 in TIMx_CCMRX register)
are set only when the counter is counting down.
10:Center-aligned mode 2. The counter counts up and down
alternatively. Output compare interrupt flags of channels
configured in output (CCxS=00 in TIMx_CCMRXx register)
are set only when the counter is counting up.
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Bit Name R/W Reset Value Function
11:Center-aligned mode 3. The counter counts up and
down alternatively. Output compare interrupt flags of chan-
nels configured in output (CCxS=00 in TIMx_CCMRX regis-
ter) are set both when the counter is counting up or down.
Note:lt is not allowed to switch from edge-aligned mode to
center-aligned mode as long as the counter is enabled
(CEN=1).
Counting direction
0:Counter used as upcounter

4 DIR RW 0 1:Counter used as downcounter
Note:This bit is read only when the timer is configured in
Center-aligned mode or Encoder mode.
One-pulse mode
0:Counter is not stopped at update event

3 OPM RW 0
1:Counter stops counting at the next update event (clearing
the bit CEN)
Update request source
This bit is set and cleared by software to select the UEV
event sources.
0:Any of the following events generate an update interrupt
or DMA request if enabled. These events can be:

2 URS RW 0
T Counter overflow/underflow
T Setting the UG bit
T Update generation through the slave mode controller
1:Only counter overflow/underflow generates an update in-
terrupt or DMA request if enabled
Update disable
This bit is set and cleared by software to enable/disable
UEV event generation.
0:UEV enabled. The Update (UEV) event is generated by
one of the following events:

1 uDIS RW 0 T Counter overflow/underflow

T Setting the UG bit
T Update generation through the slave mode controller
Buffered registers are then loaded with their preload values.

1:UEV disabled. The update event is not generated,

shadow registers keep their value (ARR, PSC, CCRX).
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Bit Name R/W Reset Value Function
However, the counter and the prescaler are reinitialized if
the UG bit is set or if a hardware reset is received from the
slave mode controller.
Counter enabled
0:Counter disabled
1:Counter enabled
0 CEN RW 0 Note:external clock, gated mode and encoder mode can
work only if the CEN bit has been previously set by software.
However, trigger mode can set the CEN bit automatically by
hardware.
19.4.2. TIM1 control register 2 (TIM1_CR2)
Address offset:0x04
Reset value:0x0000 0000
31 30 29 28 27 26 25 24 23 22 (21|20 | 19 18 17 16
Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Re | OIS | OIS3 | OIS | OIS2 | OIS | OIS1 | OIS | TI1 MMS [2:0] CC | CCU | Re | CCP
s 4 N 3 N 2 N 1 S DS S s Cc
- RwW RW RW RW RwW RW RwW RwW RW RW RW - RW
Bit Name R/W Reset Value Function
31:15 Reserved - - Reserved
14 Ols4 RW 0 Output idle state 4 (OC4 output) Refer to OIS1 bit.
13 OIS3N RW 0 Output idle state 3 (OC3N output) Refer to OIS1N bit
12 OIS3 RW 0 Output idle state 3 (OC3 output) Refer to OIS1 bit.
11 OIS2N RW 0 Output idle state 2 (OC2N output) Refer to OIS1IN bit
10 OlSs2 RW 0 Output idle state 2 (OC2 output) Refer to OIS1 bit
Output idle state 1 (OC1N output)
0:0C1N=0 after a dead-time when MOE=0
1:0C1N=1 after a dead-time when MOE=0
9 OIS1IN RW 0
Note:this bit cannot be modified as long as LOCK level 1,
2 or 3 has been programmed (LOCK bits in TIMx_BKR
register).
Output idle state 1 (OC1 output)
8 OlIs1 RW 0 0:0C1=0 (after a dead-time if OC1N is implemented)
when MOE=0
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Bit

Name

R/W

Reset Value

Function

1:0C1=1 (after a dead-time if OC1N is implemented)
when MOE=0

Note:this bit cannot be modified as long as LOCK level 1, 2
or 3 has been programmed (LOCK bits in TIMx_BKR reg-

ister).

TI1S

RW

TI1 selection

0:The TIMx_CH1 pin is connected to TI1 input

1:The TIMx_CH1, CH2 and CH3 pins are connected to the
TI1 input.

6:4

MMS [2:0]

RW

000

Master mode selection

These two bits are used to select the information to be
sent in master mode to slave timers for synchronization
(TRGO). The combination is as follows:

000:Reset - the UG bit from the TIMx_EGR register is
used as trigger output (TRGO). If the reset is generated by
the trigger input (slave mode controller configured in reset
mode) then the signal on TRGO is delayed compared to
the actual reset.

001:Enable - the counter enable signal CNT_EN is used as
trigger output (TRGO). It is useful to start several timers at
the same time or to control a window in which a slave timer
is enabled. The counter enable signal is generated by a
logic AND between CEN control bit and the trigger input
when configured in gated mode. When the counter enable
signal is controlled by the trigger input, there is a delay on
TRGO, except if the master/slave mode is selected (see the
MSM bit description in TIMx_SMCR register).

010:Update - The update event is selected as trigger out-
put (TRGO). For instance, a master timer can then be
used as a prescaler for a slave timer.

011:Compare pulse - The trigger output sends a positive
pulse when the CCL1IF flag is to be set (even if it was al-
ready high), as soon as a capture or a compare match oc-
curred (TRGO).

100:Compare - OC1REF signal is used as trigger output
(TRGO)

101:Compare - OC2REF signal is used as trigger output

(TRGO)
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Bit Name

R/W

Reset Value

Function

110:Compare - OC3REF signal is used as trigger output
(TRGO)

111:Compare - OC4REF signal is used as trigger output
(TRGO)

Note:

1. The clock of the slave timer or ADC must be enabled
prior to receive events from the master timer, and must
not be changed.

2. If the master and slave timers are not on the same bus,
the master mode should be configured to the width that

can be picked by the slave timer.

3 CCDS

RW

Capture/compare DMA selection
0:CCx DMA request sent when CCx event occurs

1:CCx DMA requests sent when update event occurs

2 CCuUs

RW

Capture/compare control update selection

0:When capture/compare control bits are preloaded
(CCPC=1), they are updated by setting the COM bit only.
1:When capture/compare control bits are preloaded
(CCPC=1), they are updated by setting the COM bit or
when a rising edge occurs on TRGI.

Note:This bit acts only on channels that have a comple-

mentary output.

1 Res

Reserved, must be kept at reset value.

0 CCPC

RW

Capture/compare preloaded control

0:CCxE, CCxNE and OCxM bits are not preloaded.
1:CCxE, CCxNE, and OCxM bits are preloaded, Once this
bit is set, they are only set when COM

Note:This bit acts only on channels that have a complemen-

tary output.

19.4.3. TIM1 slave mode control register (TIM1_SMCR)

Address offset:0x08
Reset value:0x0000 0000

31 | 30 | 29 | 28 | 27 | 26 | 25 | 24 | 23 | 22 | 21 | 20 19 18 | 17 | 16
Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res
15 | 14 | 13 | 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 0
ETP | ECE | ETPS[1:.0] ETF [3:0] MSM TS [2:0] occs SMS [2:0]

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

External trigger polarity. This bit selects whether ETR or inverted
ETR is used for trigger operations.

15 ETP RW 0
0:ETR is non-inverted, active at high level or rising edge.
1:ETR is inverted, active at low level or falling edge.
External clock enable bit. This bit enables external clock mode 2
0:External clock mode 2 disabled
1:External clock mode 2 enabled. The counter is driven by any
active edge on the ETRF signal.
Note:1:Setting the ECE bit has the same effect as selecting ex-
ternal clock mode 1 with TRGI connected to ETRF (SMS=111

14 ECE RwW 0 and TS=111).
Note 2:1t is possible to simultaneously use external clock mode 2
with the following slave modes:reset mode, gated mode and trig-
ger mode. Nevertheless, TRGI must not be connected to ETRF
in this case (TS bits must not be 111).
Note 3:If external clock mode 1 and external clock mode 2 are
enabled at the same time, the external clock input is ETRF.
External trigger prescaler. External trigger signal ETRP frequency
must be at most 1/4 of TIM1 CLK frequency. A prescaler can be
enabled to reduce ETRP frequency.

13:12 ETPS [1:0] RW 00 00:Prescaler OFF

01:ETRP frequency divided by 2
10:ETRP frequency divided by 4
11:ETRP frequency divided by 8
External trigger filter. This bit-field then defines the frequency
used to sample ETRP signal and the length of the digital filter ap-
plied to ETRP. The digital filter is made of an event counter in
which N consecutive events are needed to validate a transition on
the output.
0000:No filter, sampling is done at fors

11:8 ETF [3:0] RW 0000 0001:fsampLing = fek_int, N = 2

0010:fsampLing = fek inT, N = 4
0011:fsampLing = fek inT, N =8
0100:fsampLing = fors/2, N = 6
0101:fsampLing = fors/2, N = 8
0110:fsampLing = fors/4, N =6
0111:fsampLing = fors/4, N =8
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Bit

Name

R/W

Reset Value

Function

1000:fsampLinG = fo1s/8, N = 6

1001:fsampuinG = fo1s/8, N = 8

1010:fsampLing = fors/16, N =5
1011:fsampuing = foTs/16, N = 6
1100:fsampLing = fors/16, N = 8
1101:fsampuing = foTs/32, N =5
1110:fsampuing = foTs/32, N = 6
1111:fsampuing = foTs/32, N = 8

MSM

RW

Master/slave mode

0:No action

1:The effect of an event on the trigger input (TRGI) is delayed to
allow a perfect synchronization between the current timer and its
slaves (through TRGO). It is useful if we want to synchronize sev-

eral timers on a single external event.

6:4

TS [2:0]

RW

000

Trigger selection. This bit-field selects the trigger input to be
used to synchronize the counter.

000:TIM15 (ITRO)

001:TIM2 (ITR1)

010:TIM3 (ITR2)

011:TIM17 (ITR3)

100:edge detector of TI1 (TILF_ED)

101:Filtered timer input 1 (TI1FP1)

110:Filtered timer input 2 (TI2FP2)

111 external trigger input (ETRF)

Note:These bits must be changed only when they are not used
(e.g. when SMS=000) to avoid wrong edge detections at the tran-

sition.

OCCS

RW

OCREF clear selection This bit is used to select the OCREF
clear source.

0:OCREF_CLR_INT clear source is connected to OCREF_CLR
input

1:0CREF_CLR_INT is connected to ETRF

2:0

SMS [2:0]

RW

000

Slave mode selection When external signals are selected the ac-
tive edge of the trigger signal (TRGI) is linked to the polarity se-
lected on the external input (see Input Control register and Control
Register description).

000:Slave mode disabled

If CEN = 06106 t hen t heetlylpytheisterall ¢

clock.

283/630



PY32F004-EP Reference Manual

Bit Name R/W | Reset Value Function
001:Encoder mode 1
Counter counts up/down on TI1FP1 edge depending on TI2FP2
level.
010:Encoder mode 2
Counter counts up/down on TI2FP2 edge depending on TI1FP1
level.
011:Encoder mode 3
Counter counts up/down on both TILFP1 and TI2FP2 edges de-
pending on the level of the other input.
100:Reset mode
Rising edge of the selected trigger input (TRGI) reinitializes the
counter and generates an update of the registers.
101:Gated mode
The counter clock is enabled when the trigger input (TRGI) is
high. The counter stops (but is not reset) as soon as the trigger
becomes low. Both start and stop of the counter are controlled.
110:Trigger mode
The counter starts at a rising edge of the trigger TRGI (but it is not
reset). Only the start of the counter is controlled.
111:External clock mode 1
Rising edges of the selected trigger (TRGI) clock the counter.
Note:The gated mode must not be used if TILF_ED is selected as
the trigger input (TS=100). Indeed, TI1F_ED outputs 1 pulse for
each transition on TI1F, whereas the gated mode checks the level
of the trigger signal.
Note:Do not use UEV as TRGO output signal in encoder mode
(i.e. MMS cannot be configured to 010)
Tabl1®e2TI M1 i nt ercmalnetcrtii @mer
Slave TIM ITRO (TS = 000) ITR1 (TS = 001) ITR2 (TS = 010) ITR3 (TS = 011)
TIM1 TIM15_TRGO TIM2_TRGO TIM3_TRGO TIM17_OC
19.4.4. TIM1 DMA/interrupt enable register (TIM1_DIER)
Address offset:0x0C
Reset value:0x0000 0000
31 | 30 29 28 27 26 25 24 | 23 | 22 21 20 19 18 17 16
Res
15 | 14 13 12 11 10 9 8 7| 6 5 4 3 2 1 0
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Re | TD | COM | CC4D | CC3D | CC2D | CC1D | UD | BI | TI | COMI | CC4l | CC3I | CC2I | CC1I | UI

S E DE E E E E E E E E E E E E E
- RW

Bit Name R/W Reset Value Function
31:15 Reserved - - Reserved

TDE:Trigger DMA request enable
14 TDE RW 0 0:Trigger DMA request disabled
1:Trigger DMA request enabled

COMDE:COM DMA request enable
13 COMDE RW 0 0:COM DMA request disabled
1:COM DMA request enabled

CC4DE:Capture/Compare 4 DMA request enable
12 CC4DE RW 0 0:CC4 DMA request disabled
1:CC4 DMA request enabled

CC3DE:Capture/Compare 3 DMA request enable
11 CC3DE RW 0 0:CC3 DMA request disabled
1:CC3 DMA request enabled

CC2DE:Capture/Compare 2 DMA request enable
10 CC2DE RW 0 0:CC2 DMA request disabled
1:CC2 DMA request enabled

CC1DE:Capture/Compare 1 DMA request enable
9 CC1DE RW 0 0:CC1 DMA request disabled
1:CC1 DMA request enabled

UDE:Update DMA request enable
8 UDE RW 0 0:Update DMA request disabled
1:Update DMA request enabled

BIE:Break interrupt enable
7 BIE RW 0 0:Break interrupt disabled

1:Break interrupt enabled

TIE:Trigger interrupt enable
6 TIE RW 0 0:Trigger interrupt disabled.

1:Trigger interrupt enabled

COMIE:COM interrupt enable
5 COMIE RW 0 0:COM interrupt disabled
1:COM interrupt enabled

CCA4IE:Capture/Compare 4 interrupt enable
4 CC4IE RW 0 0:Capture/Compare 4 interrupt disabled

1:Capture/Compare 4 interrupt enabled

3 CC3IE RW 0 CC3IE:Capture/Compare 3 interrupt enable
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Bit

Name

R/W

Reset Value

Function

0:Capture/Compare 3 interrupt disabled

1:Capture/Compare 3 interrupt enabled

CC2IE

RW

CC2IE:Capture/Compare 2 interrupt enable

0:Capture/Compare 2 interrupt disabled

1:Capture/Compare 2 interrupt enabled

CClIE

RW

CCL1IE:Capture/Compare 1 interrupt enable

0:Capture/Compare 1 interrupt disabled

1:Capture/Compare 1 interrupt enabled

UIE

RW

UIE:Update interrupt enable

0:Update interrupt disabled.

1:Update interrupt enabled

19.4.5. TIM1 status register (TIM1_SR)

Address offset:0x010

Reset value:0x0000 0000

31 | 30| 29 28 27 26 25 24 | 23 | 22 21 20 19 18 17 16
Res Res IC
IC | IC IC4 | IC3I IC2l
IC2IF | IC1IF 1
41F | 3IF IR R R
R
- RC_WO0
15 | 14 | 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res CC40 | CC30 | CC20 | CC1O0 | Re | BI | TIF | COMI | CC4l | CC | CcC2 | CC1I | UI
F F F F S F F F 3IF IF F F
- RC_WO0 - RC_WO0
Bit Name R/W Reset Value Function
31:13 Reserved - - Reserved
Falling edge capture 4 flag
23 IC4IF RC_WO 0
Refer to IC1IF description
Falling edge capture 3 flag
22 IC3IF RC_WO0 0
Refer to IC1IF description
Falling edge capture 2 flag
21 IC2IF RC_WO0 0
Refer to IC1IF description
Falling edge capture 1 flag
This flag is set by hardware only when the corresponding
channel is configured in input capture mode and triggered
20 IC1IF RC_WO0 0
by falling edge. It is cleared by software or reading
TIMx_CCRL.
0:No falling edge capture occurs
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Bit

Name

R/W

Reset Value

Function

1:A falling edge capture event occurs.

19

IC4IR

RC_WO0

Rising edge capture 4 flag
Refer to IC1IR description

18

IC3IR

RC_WO0

Rising edge capture 3 flag
Refer to IC1IR description

17

IC2IR

RC_WO0

Rising edge capture 2 flag
Refer to IC1IR description

16

IC1IR

RC_WO

Rising edge capture 1 flag

This flag is set by hardware only when the corresponding
channel is configured in input capture mode and triggered
by rising edge. It is cleared by software or reading
TIMx_CCRA1.

0:No rising edge capture occurs;

1:A rising edge capture event occurs.

15:13

Reserved

Reserved

12

CC40F

RC_WO

Capture/Compare 4 overcapture flag

Refer to CC10F description

11

CC30F

RC_WO

Capture/Compare 3 overcapture flag

Refer to CC10F description

10

CC20F

RC_WO

Capture/Compare 2 overcapture flag

Refer to CC10F description

CC1OF

RC_WO

Capture/Compare 1 overcapture flag

This flag is set by hardware only when the corresponding
channel is configured in input capture mode. It is cleared
by software by writing it
0:No overcapture has been detected.

1:The counter value has been captured in TIMx_CCR1

register while CCL1IF flag was already set

Reserved

Reserved

BIF

RC_WO0

Break interrupt flag

This flag is set by hardware as soon as the break input
goes active. It can be cleared by software if the break in-
put is not active.

0:No break event occurred.

1:An active level has been detected on the break input.

TIF

RC_WO0

Trigger interrupt flag
This flag is set by hardware on trigger event (active edge

detected on TRGI input when the slave mode controller is

enabled in all modes but gated mode). It is set when the
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Bit

Name

R/W

Reset Value

Function

counter starts or stops when gated mode is selected. It is
cleared by software.
0:No trigger event occurred.

1:Trigger interrupt pending.

COMIF

RC_WO0

COM interrupt flag

This flag is set by hardware on COM event (when Cap-
ture/compare Control bits - CCxE, CCxNE, OCxM - have
been updated). It is cleared by software.

0:No update occurred.

1:COM interrupt pending.

CCAIF

RC_WO

Capture/Compare 4 interrupt flag

Refer to CC1IF description

CC3IF

RC_WO

Capture/Compare 3 interrupt flag

Refer to CC1IF description

CC2IF

RC_WO

Capture/Compare 2 interrupt flag

Refer to CC1IF description

CC1IF

RC_WO

Capture/Compare 1 interrupt flag

If channel CC1 is configured as output:

This flag is set by hardware when the counter matches
the compare value.

However, CMS needs to be judged in centrosymmetric
mode; When the comparison value is greater than the
overload value, it is set to 1 in overflow (up count mode,
center alignment count mode) or underflow (down count
mode). It is cleared by software.

0:No match;

1:The content of the counter TIMx_CNT matches the
content of the TIMx_CCR1 register.

If channel CC1 is configured as input:

This bit is set by hardware on a capture. It is cleared by
software or by reading the TIMx_CCR1 register.

0:No input capture occurred

1:The counter value has been captured in TIMx_CCR1
register (An edge has been detected on IC1 which
matches the selected polarity)

Note:When CEN is on, this bit will also be set.

UIF

RC_WO0

Update interrupt flag
This bit is set by hardware on an update event. It is

cleared by software.
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Bit

Name

R/W

Reset Value

Function

0:No update occurred.

1:Update interrupt pending. This bit is set by hardware
when the registers are updated:

T At overflow or underflow regarding the repetition coun-
ter value (update if REP_CNT = 0) and if the UDIS=0 in
the TIMx_CR1 register.

T When CNT is reinitialized by software using the UG bit
in TIMXx_EGR register, if URS=0 and UDIS=0 in the
TIMx_CR1 register.

1 If UDIS = 0 and URS = 0 of the TIMx_CR1 register, an
update event occurs when the CNT is reinitialized by the
trigger event

(Refer to TIM1 slave mode control register

(TIM1_SMCR))

19.4.6. TIM1 event generation register (TIM1_EGR)

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 | BG | TG | COMG | CC4G | CC3G | CC2G | CC1G | UG
- - - - - - - - W W \W \W W W W W
Bit Name R/W Reset Value Function
31:8 Reserved - - Reserved
Break generation
This bit is set by software in order to generate an event, it
is automatically cleared by hardware.
7 BG w 0 0:No action
1:A break event is generated. MOE bit is cleared and BIF
flag is set. Related interrupt or DMA transfer can occur if
enabled.
Trigger generation
This bit is set by software in order to generate an event, it
6 TG W 0
is automatically cleared by hardware.
0:No action
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Bit

Name

R/W

Reset Value

Function

1:The TIF flag is set in TIMx_SR register. Related interrupt

or DMA transfer can occur if enabled.

COMG

Capture/Compare control update generation

This bit can be set by software, it is automatically cleared
by hardware.

0:No action

1:When CCPC bit is set, it allows to update CCxE, CCxNE
and OCxM bits

Note:This bit acts only on channels that have a complemen-

tary output.

CC4G

Capture/Compare 4 generation

Refer to CC1G description

CC3G

Capture/Compare 3 generation

Refer to CC1G description

CC2G

Capture/Compare 2 generation

Refer to CC1G description

CC1G

Capture/Compare 1 generation

This bit is set by software in order to generate an event, it
is automatically cleared by hardware.

0:No action

1:A capture/compare event is generated on channel CC1.
If channel CC1 is configured as output:

CC1IF flag is set, Corresponding interrupt or DMA request
is sent if enabled.

If channel CC1 is configured as input:

The current value of the counter is captured in TIMX_CCR1
register. The CC1IF flag is set, the corresponding interrupt
or DMA request is sent if enabled. The CC10F flag is set if

theCCL1IF flag was already set.

uG

Update generation

This bit can be set by software; it is automatically cleared
by hardware.

0:No action

1:Reinitialize the counter and generate an update of the
registers. Note that the prescaler counter is cleared too
(anyway the prescaler ratio is not affected).

The counter is cleared if the center-aligned mode is se-
lected or if DIR=0 (upcounting), else it takes the auto-reload

value (TIMX_ARR) if DIR=1 (downcounting).
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19.4.7. TIM1 capture/compare mode register 1 (TIM1_CCMR1)

Address offset:0x18
Reset value:0x0000 0000

Output compare mode:

31 30 | 29 | 28 27 26 25 24 23 221 21|20 19 18 | 17 16
Res
15 14 | 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
OC2CE | OC2M [2:0] | OC2PE | CO2FE CC2S OC1CE | OC1M|[2:0] | OC1PE | OCI1FE CC1S [1:0]
[1:0]
RW
Bit Name R/W Reset Value Function
31:16 Reserved - - Reserved
15 OC2CE RW 0 Output Compare 2 clear enable
14:12 OC2M [2:0] RW 000 Output Compare 2 mode

11 OC2PE RW 0 Output Compare 2 preload enable

10 OC2FE RW 0 Output Compare 2 fast enable
Capture/Compare 2 selection
This bit-field defines the direction of the channel (in-
put/output) as well as the used input.
00:CC2 channel is configured as output;
01:CC2 channel is configured as input, IC2 is mapped on
TI2;

9:8 CC2S [1:0] RW 00 10:CC2 channel is configured as input, IC2 is mapped on
TIL;
11:CC2 channel is configured as input, IC2 is mapped on
TRC. This mode is working only if an internal trigger input
is selected through the TS bit (TIMx_SMCR register)
Note:CC2S bits are writable only when the channel is OFF
(CC2E = 606 in Tl Mx_CCER).
Output Compare 1 clear enable
0:0C1REF is not affected by the ETRF signal;

7 OC1CE RW 0
1:OC1REF is cleared as soon as a high level is detected
on ETRF signal.
OQutput compare 1 mode

6:4 OC1M [2:0] RW 00 These bits define the behavior of the output reference sig-
nal OC1REF from which OC1 and OC1N are derived.
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Bit Name R/W Reset Value Function
OCI1REF is active high whereas OC1 and OC1N active
level depends on CC1P and CC1NP bits.
000:Frozen. The comparison between the output compare
register TIMx_CCR1 and the counter TIMXx_CNT has no
effect on the outputs.
001:Set channel 1 to active level on match. OC1REF sig-
nal is forced high when the counter TIMx_CNT matches
the capture/compare register 1 (TIMx_CCR1).
010:Set channel 1 to inactive level on match. OC1REF
signal is forced low when the counter TIMx_CNT matches
the capture/compare register 1 (TIMx_CCR1).
011:Toggle OC1REF toggles when
TIMXx_CNT=TIMx_CCR1.
100:Force inactive level OC1REF is forced low.
101:Force active level OC1REF is forced high.
110:PWM mode 1 - In upcounting, channel 1 is active as
long as TIMx_CNT<TIMx_CCRL1 else inactive. In
downcounting, channel 1 i s
long as TIMx_CNT>TIMx_CCRL1 else active
(OC1REF=6106) .
111:PWM mode 2 - In upcounting, channel 1 is inactive as
long as TIMX_CNT<TIMx_CCR1 else active. In
downcounting, channel 1 is active as long as
TIMXx_CNT>TIMx_CCR1 else inactive.
Note:These bits cannot be modified as long as LOCK level
3 has been programmed (LOCK bits in TIMx_BDTR regis-
ter) and CC1S='00' (the channel is configured in output).
Note:In PWM mode 1 or 2, the OCREF level changes when
the result of the comparison changes or when the output
compare mode switches from frozen to PWM mode.
Output Compare 1 preload enable
0:Preload register on TIMx_CCR1 disabled. TIMx_CCR1
can be written at any time, the new value is taken in ac-

3 OC1PE RW 0 count immediately.

1:Preload register on TIMx_CCR1 enabled. Read/Write op-
erations access the preload register. TIMx_CCR1 preload

value is loaded in the active register at each update event.
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Bit

Name

R/W

Reset Value

Function

Note:These bits cannot be modified as long as LOCK level
3 has been programmed (LOCK bits in TIMx_BDTR regis-

ter) and CC1S='00' (the channel is configured in output).

OCI1FE

RW

Output compare 1 fast enable

This bit is used to accelerate the effect of an event on the
trigger in input on the CC output.

0:CC1 behaves normally depending on counter and CCR1
values even when the trigger is ON. The minimum delay
to activate CC1 output when an edge occurs on the trigger
input is 5 clock cycles.

1:An active edge on the trigger input acts like a compare
match on OC1 output. Then, OC1 is set to the compare
level independently from the result of the comparison.
Delay to sample the trigger input and to activate CC1 out-
put is reduced to 3 clock cycles.

OCFE acts only if the channel is configured in PWML1 or
PWM2 mode.

1.0

CC1S[1:0]

RW

00

Capture/Compare 1 selection

This bit-field defines the direction of the channel (in-
put/output) as well as the used input.

00:CC1 channel is configured as output;

01:CC1 channel is configured as input, IC1 is mapped on
TI1.

10:CC1 channel is configured as input, IC1 is mapped on
TI2;

11:CC1 channel is configured as input, IC1 is mapped on
TRC. This mode is working only if an internal trigger input
is selected through the TS bit (TIMx_SMCR register)
Note:CC1S bits are writable only when the channel is OFF
(CC1E = 606 in Tl Mx_CCER).

Input capture mode:

31

30

29 28

27

26 25 24

23 22 21 20 19 18 17 16

Res

15

14

13 12

11

10 9 8

7 6 5 4 3 2 1 0

IC2F [3:0]

IC2PSC

[1:0] | CC2S [1:0]

IC1F [3:0] ICIPSC [1:0] | CC1S [1:0]

RW

RW

RW RW

RW

RW RW | RW

RW | RW | RW | RW RW RW RW | RW
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Bit

Name

R/W

Reset Value

Function

31:16

Reserved

Reserved

15:12

IC2F

RW

0000

Input capture 2 filter

11:10

IC2PSC [1:0]

RW

00

Input capture 2 prescaler

9:8

CC2S [1:0]

RW

Capture/Compare 2 selection

This bit-field defines the direction of the channel (input/output)
as well as the used input.

00:CC2 channel is configured as output;

01:CC2 channel is configured as input, IC2 is mapped on TI2;
10:CC2 channel is configured as input, IC2 is mapped on TI1;
11:CC2 channel is configured as input, IC2 is mapped on TRC.
This mode is working only if an internal trigger input is selected
through the TS bit (TIMx_SMCR register)

Note:CC2S bits are writable only when the channel is OFF
(CC2E = 6006 in Tl Mx_CCER).

7:4

IC1F [3:0]

RW

0000

Input capture 1 filter

This bit-field defines the frequency used to sample TI1 input and
the length of the digital filter applied to TI1. The digital filter is
made of an event counter

in which N consecutive events are needed to validate a transition
on the output:

0000:No filter, sampling is done at fors

0001:fsampLing = fek int, N =2

0010:fsamprLinG = fek_int, N = 4

0011:fsampLing = fek_inT, N =8

0100:fsampLing = fo1s/2, N =6

0101:fsampLing = fo1s/2, N =8

0110:fsampLing = fots/4, N =6

0111:fsampLing = fors/4, N =8

1000:fsampLing = fors/8, N = 6

1001:fsampLing = foTs/8, N =8

1010:fsampLing = fors/16, N =5

1011:fsampLing = fors/16, N = 6

1100:fsampLing = fors/16, N = 8

1101:fsampLing = fors/32, N=5

1110:fsampLing = fors/32, N = 6

1111:fsampLing = fors/32, N = 8

3.2

IC1PSC [1:0]

RwW

00

Input capture 1 prescaler
00:no prescaler, capture is done each time an edge is detected

on the capture input;

294/630



PY32F004-EP Reference Manual

Bit Name

R/W

Reset Value

Function

01:capture is done once every 2 events
10:capture is done once every 4 events

11:capture is done once every 8 events

1.0 CC1S [1:0]

RW

00

CC1S [1:0]:capture/compare 1 selection.

This bit-field defines the direction of the channel (input/output)
as well as the used input.

00:CC1 channel is configured as output

01:CC1 channel is configured as input, IC1 is mapped on TI1
10:CC1 channel is configured as input, IC1 is mapped on TI2
11:CC1 channel is configured as input, IC1 is mapped on
TRC.This mode is working only if an internal trigger input is se-
lected through the TS bit (TIMx_SMCR register)

Note:CC1S bits are writable only when the channel is OFF
6006 in

(CC1E = TI Mx _CCER) .

19.4.8. TIM1 capture/compare mode register 2 (TIM1_CCMR2)

Address offset:0x1C
Reset value:0x0000 0000

Output compare mode:

31 30 | 29 | 28 27 26 25 | 24 23 22 | 21 | 20 19 18 17 16
Res
15 14 | 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
oc4c OC4M [2:0] OC4P | CO4F OC3cC OC3M [2:0] OC3pP | OC
E E E ceas E E 3FE | CC3S[1:0]
IC4F [3:0] IC4PSC [1:0] 1ol IC3F [3:0] IC3PSC [1:0]
RW
Bit Name R/W Reset Value Function
31:16 Reserved - - Reserved
15 OC4CE RW 0 Output Compare 4 clear enable
14:12 OC4M [2:0] RW 000 Output compare 4 mode
11 OC4PE RW 0 Output Compare 4 preload enable
10 OC4FE RW 0 Output Compare 4 fast enable
Capture/Compare 4 selection
This bit-field defines the direction of the channel (input/output)
9:8 CC4S [1:.0] RW 00 as well as the used input.
00:CC4 channel is configured as output
01:CC4 channel is configured as input, IC4 is mapped on Tl4
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Bit

Name

R/W

Reset Value

Function

10:CC4 channel is configured as input, IC4 is mapped on TI3
11:CC4 channel is configured as input, IC4 is mapped on
TRC.This mode is working only if an internal trigger input is se-
lected through the TS bit (TIMx_SMCR register).

Note:CC4S bits are writable only when the channel is OFF
606 in

(CC4E = Tl Mx _CCER) .

OC3CE

RW

Output Compare 3 clear enable

6:4

OC3M [2:0]

RW

00

Output compare 3 mode

OC3PE

RW

Output Compare 3 preload enable

OC3FE

RW

Output Compare 3 fast enable

1.0

CC3S [1:0]

RW

00

Capture/Compare 3 selection
This bit-field defines the direction of the channel (input/output)
as well as the used input.

00:CC3 channel is configured as output

01:CC3 channel is configured as input, IC3 is mapped on TI3
10:CC3 channel is configured as input, IC3 is mapped on Tl4
11:CC3 channel is configured as input, IC3 is mapped on TRC
This mode is working only if an internal trigger input is selected
through the TS bit (TIMx_SMCR register)

Note:CC3S bits are writable only when the channel is OFF
606 in

(CC3E = TI Mx _CCER) .

Input capture mode:

Bit

Name

R/W

Reset Value

Function

31:16

Reserved

Reserved

15:12

IC4F [3:0]

RW

0000

Input capture 4 filter

11:10

IC4PSC [1:0]

RW

00

Capture/Compare 4 prescaler

9:8

CC4S [1:0]

RW

00

Capture/Compare 4 selection

This bit-field defines the direction of the channel (in-
put/output) as well as the used input.

00:CC4 channel is configured as output

01:CC4 channel is configured as input, IC4 is mapped on
Tl4.

10:CC4 channel is configured as input, IC4 is mapped on
TIS.

11:CC4 channel is configured as input, IC4 is mapped on
TRC. This mode is working only if an internal trigger input
is selected through the TS bit (TIMXx_SMCR register).

Note:CC4S bits are writable only when the channel is OFF

(CC4E = 606 in TIMx_CCER).
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7:4

IC3F [3:0]

RW

0000

Capture/Compare 3 filter

3:2

IC3PSC [1:0]

RW

00

Input capture 3 prescaler

1.0

CC3S [1.0]

RW

00

Capture/Compare 3 selection

This bit-field defines the direction of the channel (in-
put/output) as well as the used input.

00:CC3 channel is configured as output

01:CC3 channel is configured as input, IC3 is mapped on
TI3.

10:CC3 channel is configured as input, IC3 is mapped on
Tl4.

11:CC3 channel is configured as input, IC1 is mapped on
TRC. This mode is working only if an internal trigger input
is selected through the TS bit (TIMx_SMCR register)
Note:CC3S bits are writable only when the channel is OFF
(CC3E = 606 in Tl Mx_CCER).

19.4.9. TIM1 capture/compare enable register (TIM1_CCER)

Address offset:0x20
Reset value:0x0000 0000

31 | 30 | 29 28 26 25 24 23 22 21 20 19 18 17 16
Res
15 | 14 | 13 12 10 9 8 7 6 5 4 3 2 1 0
Re | Re | CC4 | CC4 | CC3 | CC3 |CC3|CC3| CC2 | CC2 [CcC2|cCcC2| CCL | CCL |ccrcen
S S P E NP NE P E NP NE P E NP NE P E
- - RW | RW RW RW RW | RW RW RW RW | RW RW RW RW | RW
Bit Name R/W Reset Value Function
31:14 Reserved - 0 Reserved, must be kept at reset value.
13 CC4P RW 0 Capture/compare 4 output polarity Refer to CC1P description.
12 CC4E RW 0 Capture/compare 4 output enable Refer to CC1E description.
Capture/compare 3 complementary output polarity. Refer to
11 CC3NP RW 0
CC1NP description.
Capture/compare 3 complementary output enable Refer to
10 CC3NE RW 0
CCI1NE description.
9 CC3P RW 0 Capture/compare 3 output polarity Refer to CC1P description.
8 CC3E RW 0 Capture/compare 3 output enable Refer to CC1E description.
Capture/compare 2 complementary output polarity. Refer to
7 CC2NP RW 0
CC1NP description.
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Bit

Name

R/W

Reset Value

Function

CC2NE

RW

Capture/compare 2 complementary output enable Refer to

CCI1NE description.

cczp

RW

Capture/compare 2 output polarity Refer to CC1P description.

CC2E

RW

Capture/compare 2 output enable Refer to CC1E description.

CCI1INP

RW

Capture/compare 1 complementary output polarity.

0:0C1N active high.

1:0C1N active low.

Note:Once the LOCK level (LOCK bit in the TIMx_BDTR regis-
ter) is set to 3 or 2 and CC1S = 00 (channel configuration as

output), this bit cannot be modified.

CCINE

RW

Capture/compare 1 complementary output enable

0:0C1N output disabled

1:OC1N signal output to corresponding output pin

When the CC1 channel is configured as an output, the OC1N
output level is determined by the MOE, OSSI, OSSR, OIS1,
OIS1N, CC1E, and CCI1NE bits, as shown in the table below
For complementary output channels, this bit is preloaded. If
the CCPC bit is set in the TIMx_CR?2 register then the CC1E
active bit takes the new value from the preloaded bit only when

a com event is generated.

CC1P

RW

Capture/compare 1 output polarity

CC1 channel configured as output:

0:0C1 active high.

1:0C1 active low.

CC1 channel configured as input:

CCI1NP/CC1P bits select the active polarity of TILFP1 and
TI2FP1 for trigger or capture operations.
00:Non-inverted/rising edge:

The circuit is sensitive to TIXFP1 rising edge (capture or trigger
operations in reset, external clock or trigger mode).

TIXFP1 is not inverted (trigger operation in gated mode or en-
coder mode).

01:Inverted/falling edge:

The circuit is sensitive to TIXFP1 falling edge (capture or trig-
ger operations in reset, external clock or trigger mode).

TIXFP1 is inverted (trigger operation in gated mode or encoder
mode).

10:reserved, do not use this configuration.

11:non-inverted/double edge
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Bit Name R/W Reset Value Function
The circuit is sensitive to both TIXFP1 rising and falling edges
(capture or trigger operations in reset, external clock or trigger
mode).
TIXFP1 is not inverted (trigger operation in gated mode). This
configuration must not be used in encoder mode.
Notes:
1. For complementary output channels, this bit is preloaded. If
the CCPC bit is set in the TIMx_CR2 register, then the CC1P
active bit takes the new value from the preloaded bit only when
a Commutation event is generated.
2. Once the LOCK level (LOCK bit in the TIMx_BDTR register)
is set to 3 or 2, this bit cannot be modified
Capture/Compare 1 output enable
0:0ff - OC1 is not active.
1:0n - OC1 signal is output on the corresponding output pin de-
pending on MOE, OSSI, OSSR, OIS1, OIS1N and CC1NE bits.
0 CC1E RW 0 Notes:
For complementary output channels, this bit is preloaded. If
the CCPC bitis set in the TIMx_CR?2 register then the CC1E
active bit takes the new value from the preloaded bit only when
a Commutation event is generated.
Tabl98Out put contr ol bits for complementary OCX
Control bits Output states
MOE | OSSI | OSSR | CCxE | CCxNE | OCx output state OCxN output state
Output disabled (not driven by the timer Output disabled (not driven by the timer
anymore). anymore).
0 0 0
OCx =0, OCxN =0,
OCx EN=0 OCxN_EN=0
Output disabled (not driven by the timer
OCXREF + polarity,
anymore).
0 0 1 OCxXN = OCREF xor CCxNP,
OCx =0,
1 X OCxXxN_EN =1
OCx_ EN=0
Output disabled (not driven by the timer
OCXREF + polarity,
anymore).
0 1 0 OCx = OCREF xor CCxP,
OCxN =0,
OCx_EN=1
OCxN_EN =0
OCXREF + Polarity + dead-time, OCXREF + polarity + dead-time
0 1 1
OCx EN=1 OCxN_EN=1
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Control bits Output states
MOE | OSSI | OSSR | CCxE | CCxNE | OCx output state OCxN output state
Output disabled (not driven by the timer Output disabled (not driven by the timer
anymore). anymore).
1 0 0
OCx = CCxP, OCxN = CCxNP,
OCx_EN=0 OCXN_EN =0
Off-State (output enabled with inactive
OCXREF + polarity,
state)
1 0 1 OCxN = OCREF xor CCxNP,
OCx = CCxP,
OCXxN_EN =1
OCx_EN=1
Off-State (output enabled with inactive
OCXREF + polarity,
state)
1 1 0 OCx = OCREF xor CCxP,
OCxN = CCxNP,
OCx EN=1
OCXxN_EN =1
OCXREF + Polarity + dead-time, OCXREF + polarity + dead-time
1 1 1
OCx_EN=1 OCxXxN_EN =1
0 0 0
0 0 1
0 1 0 Output disabled (not driven by the timer anymore).
0 1 1
0 1 X 0 0
1 0 1 Off-State (output enabled with inactive state)
1 1 0 Asynchronously:OCx=CCxP, OCx_EN=1, OCxN=CCxNP, OCx_EN=1
Then if the clock is present:OCx=0ISx and OCxN=0OISxN after a dead-time, assuming
1 1 1
that OISx and OISxN do not correspond to OCX and OCxN both in active state
19.4.10. TIM1 counter (TIM1_CNT)

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

CNT [15:0]

RW

Bit Name R/W Reset Value Function
31:16 Reserved - - Reserved
15:0 CNT [15:0] RW 0 Counter value
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19.4.11.

TIM1 prescaler (TIM1_PSC)

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
PSC [15:0]
RwW
Bit Name R/W Reset Value Function
31:16 Reserved - - Reserved
Prescaler value
The counter clock frequency (CK_CNT) is equal to
fCK_PSC / (PSC [15:0] +1).

15:0 PSC [15:0] RW 0 PSC contains the value to be loaded in the active pre-
scaler register at each update event (including when the
counter is cleared through UG bit of TIMx_EGR register or
through trigger controller when configured in reset mode).

19.4.12. TIM1 auto-reload register (TIM1_ARR)

Address offset:0x2C

Reset value:0x0000 FFFF

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
ARR [15:0]
RwW
Bit Name R/W Reset Value Function
31:16 Reserved Reserved
Auto-reload value
15:0 ARR [15:0] RW OXFFFF ARR is the value to be loaded in the actual auto-reload register.
The counter is blocked while the auto-reload value is null.

19.4.13.

TIM1 Repetition counter register (TIM1_RCR)

Address offset:0x30

Reset value:0x0000 0000

31 30

29 28

27

26

25

24

23

22

21

20

19

18

17

16
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Res Res

Res Res

Res

Res

Res Res

Res Res Res Res Res Res Res Res

15 14

13 12

11

10

Res Res

Res Res

Res

Res

Res Res

REP [7:0]

RW | RW | RW | RW | RW | RW RW | RW

Bit

Name

R/W

Reset Value

Function

318

Reserved

Reserved

7:0

REP [7:0]

RW

Repetition counter value

These bits allow the user to set-up the update rate of the
compare registers (i.e. periodic transfers from preload to
active registers) when preload registers are enabled, as
well as the update interrupt generation rate, if this interrupt
is enabled.

Each time the REP_CNT related downcounter reaches
zero, an update event is generated, and it restarts count-
ing from REP value. As REP_CNT is reloaded with REP
value only at the repetition update event U_RC, any write
to the TIMx_RCR register is not taken in account until the
next repetition update event.

It means in PWM mode (REP+1) corresponds to:

- the number of PWM periods in edge-aligned mode

- the number of half PWM period in center-aligned mode.

19.4.14.

TIM1 capture/compare register 1 (TIM1_CCR1)

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
CCR1 [15:0]
RW
Bit Name R/W Reset Value Function
31:16 Reserved - - Reserved
Capture/Compare 1 value
If channel CC1 is configured as output:
15:0 CCR1 [15:0] RW 0
CCRL1 is the value to be loaded in the actual capture/com-
pare 1 register (preload value).
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Bit

Name

R/W

Reset Value

Function

It is loaded permanently if the preload feature is not se-
lected in the TIMx_CCMRL1 register (bit OC1PE). Else the
preload value is copied in the active capture/compare 1
register when an update event occurs.

The active capture/compare register contains the value to
be compared to the counter TIMx_CNT and signaled on
OC1 output.

If channel CC1 is configured as input:

CCRL1 is the counter value transferred by the last input

capture 1 event (IC1).

19.4.15.

TIM1 capture/compare register 2 (TIM1_CCR2)

Address offset:0x38
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
CCR2 [15:0]

RwW

Bit Name R/W Reset Value Function

31:16 Reserved - - Reserved
Capture/Compare 2 value
If channel CC2 is configured as output:
CCR2 is the value to be loaded in the actual capture/com-
pare 2 register (preload value).
It is loaded permanently if the preload feature is not se-
lected in the TIMx_CCMR1 register (bit OC2PE). Else the
preload value is copied in the active capture/compare 2

15:0 CCR2 [15:0] RW 0
register when an update event occurs.
The active capture/compare register contains the value to
be compared to the counter TIMx_CNT and signaled on
OC2 output.
If channel CC2 is configured as input:
CCR2 is the counter value transferred by the last input
capture 2 event (IC2).

19.4.16. TIM1 capture/compare register 3 (TIM1_CCR3)

Address offset:0x3C
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Reset value:0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CCR3[15:0]

RwW

Bit Name R/W Reset Value Function

31:16 Reserved - - Reserved
Capture/Compare 3 value
If channel CC3 is configured as output:
CCR3is the value to be loaded in the actual capture/com-
pare 3 register (preload value).
It is loaded permanently if the preload feature is not se-
lected in the TIMx_CCMR2 register (bit OC3PE).
Else the preload value is copied in the active capture/com-

15:0 CCR3[15:0] RW 0
pare 3 register when an update event occurs.
The active capture/compare register contains the value to
be compared to the counter TIMXx_CNT and signaled on
OC output.
If channel CC3 is configured as input:
CCRa3 is the counter value transferred by the last input
capture 3 event (IC3).

19.4.17. TIM1 capture/compare register 4 (TIM1_CCR4)

Address offset:0x40
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
CCR4 [15:0]
RW

Bit Name R/ W| Reset Functi on
3116 Reserve - - Reserved

Capture/ Compare 4 value
150 CCR4 Q15| RW 0

I f channel CC4 is configure
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Na me

R/ W

Reset

Y Functi on

CCR4 is the value to be |04
pare 4 register (preload va
It is |loaded permanently if
|l ected in the TIMx_CCMR2 re
El se the preload value is ¢
pare 4 register when an upd
The active capture/ compal ee
be compared to the counter
OC output.

I f channel CC4 is configure

CCR4 is the counter value t

capture 4 event (1C4).

19.4.18.

TIM1 break and dead-time register (TIM1_BDTR)

Address offset:0x44

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 7 6 5 4 3 2 1 0

MOE | AOE | BKP | BKE | OSSR | OSSI | LOCK [1:0] DTG [7:0]
RW RW | RW | RW RW RwW RW RW | RW | RW | RW | RW | RW | RW RwW RW
Bit Name R/W Reset Value Function
31:16 Reserved - - Reserved

Main output enable
This bit is cleared asynchronously by hardware as soon as
one of the break inputs is active. It is cleared by software or
automatically setting depending on the AOE bit. It is acting

15 MOE RW 0
only on the channels which are configured in output.
0:0C and OCN outputs are disabled or forced to idle state.
1:0C and OCN outputs are enabled if their respective enable
bits are set (CCxE, CCxNE in TIMx_CCER register).
Automatic output enable
0:MOE can be set only by software;
1:MOE can be set by software or automatically at the next

14 AOE RW 0
update event (if none of the break inputs is active).
Note:This bit cannot be modified as long as LOCK level 1
has been set (LOCK bits in TIM1_BDTR register).
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Bit Name R/W Reset Value Function
Break polarity
0:Break input BRK is active low;
1:Break input BRK is active high
Notes:
13 BKP RW 0
1. This bit cannot be modified as long as LOCK level 1 has
been set (LOCK bits in TIMx_BDTR register).
2. Any write operation to this bit takes a delay of 1 APB clock
cycle to become effective.
Break enable
0:Break function disabled;
1:Break function enabled
Notes:
12 BKE RW 0
1. This bit cannot be modified as long as LOCK level 1 has
been set (LOCK bits in TIMx_BDTR register).
2. Any write operation to this bit takes a delay of 1 APB clock
cycle to become effective.
Off-state selection for Run mode
This bit is used when MOE=1 on channels having a comple-
mentary output which are configured as outputs. OSSR bit is
not implemented if no complementary output is implemented
in the timer.
See OC/OCN enable description for more details (TIMx cap-
11 OSSR RW 0 ture/compare enable register (TIMx_CCER)).
0:0C/OCN outputs are disabled
1:0C/OCN outputs are enabled with their inactive level as
soon as CCxE=1 or CCxNE=1.
OC/OCN enable output signal=1
Note:This bit cannot be modified as long as LOCK level 2
has been set (LOCK bits in TIMx_BDTR register).
Off-state selection for Idle mode
This bit is used when MOE=0 and on channels configured as
outputs.
See OC/OCN enable description for more details (TIMx cap-
ture/compare enable register (TIMx_CCER)).
10 OsslI RW 0

0:0C/OCN outputs are disabled

1:OC/OCN outputs are forced first with their idle level as
soon as CCxE=1 or CCxNE=1.

Note:This bit cannot be modified as long as LOCK level 2

has been set (LOCK bits in TIMx_BDTR register).
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Bit Name R/W Reset Value Function
Lock configuration
These bits offer a write protection against software errors.
00:LOCK OFF, no bhit is write protected.
01:LOCK Level 1, DTG, BKE, BKP, AOE bits in TIMx_BDTR
register and OISx and OISxN bits in TIMx_CR?2 register can
no longer be written.
10:LOCK Level 2 = LOCK Level 1 + CC Polarity bits
(CCxP/CCxNP bits in TIMx_CCER register, as long as the re-
9:8 LOCK [1:0] RW 00 lated channel is configured in output through the CCxS bits)
as well as OSSR and OSSI bhits can no longer be written.
11:LOCK level 3 = LOCK level 2 + CC control bits (OCxM
and OCxPE bits in TIMx_CCMRX registers, as long as the
related channel is configured in output through the CCxS
bits) can no longer be written.
Note:The LOCK bits can be written only once after the reset.
Once the TIMx_BDTR register has been written, their con-
tent is frozen until the next reset.
Dead-time generator setup
This bit-field defines the duration of the dead-time inserted
between the complementary outputs. DT correspond to this
duration.
DTG [7:5] = Oxx = > DT = DTG [7:0] x Tdtg, Tdtg = TDTS;
DTG [7:5] = 10x = > DT = (64 + DTG [5:0]) x Tdtg, Tdtg = 2 x
TDTS;
DTG [7:5] = 110 = > DT = (32 + DTG [4:0]) x Tdtg, Tdtg = 8
xTDTS;
DTG [7:5] = 111 = > DT = (32 + DTG [4:0]) x Tdtg, Tdtg = 16
7:0 DTG [7:0] RW 0000 0000
xTDTS;
Example:If TDTS = 125ns (8MHz), the dead time possible
value are:
0 to 15875 ns by 125 ns steps;
16 Psto 31750 ns by 250 ns steps;
32 Psto 63us by 1 Ps steps;
64 Psto 126 us by 2 Ps steps
Note:This bit-field cannot be modified as long as LOCK level
1, 2 or 3 has been programmed (LOCK bits in TIMx_BDTR
register).
19.4.19. TIM1 DMA control register (TIM1_DCR)

Address offset:0x48
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Reset value:0x0000 0000

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

Res | Res | Res DBL [4:0] Res DBA [4:0]
- - - RW RW RwW RW RW - - - RW RW RW RW RW
Bit Name R/W Reset Value Function
31:13 Reserved - - Reserved
DMA burst length
These bits define the transfer length of the DMA in contin-
uous mode (when reading or writing to the address of the
TIMX_DMAR register address is performed).
00000:1 transfer
12:8 DBL [4:0] RW 0 0000
00001:2 transfers
00010:3 transfer
10001:18 transfers
7:5 Reserved RW 0 Reserved, must be kept at reset value.
DBA [4:0]:DMA base address
These bits define the base address of the DMA in continu-
ous mode (when read/write access are done through the
TIMx_DMAR address). DBA is defined as an offset starting
4:0 DBA [4:0] RW 0 0000 from the address of the TIMx_CR1 register.
00000:TIMx_CR1
00001:TIMx_CR2
00010:TIMx_SMCR
19.4.20. TIM1 DMA address for full transfer (TIM1_DMAR)

Address offset:0x4C
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
DMAB [15:0]

RW
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Bit Name R/W Reset Value Function
31:16 Reserved - - Reserved
DMA register for burst accesses
A read or write operation to the DMAR register accesses
the register located at the address:
(TIMx_CR1 address) + (DBA + DMA index) x 4 where:
15:0 DMAB [15:0] RW 0 TIMx_CR1 address is the address of the control register 1;

DBA is the DMA base address configured in TIMx_DCR
register;
DMA index is automatically controlled by the DMA transfer,

and ranges from 0 to DBL (DBL configured in TIMx_DCR).
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20.

20.1.

20.2.

General-purpose timers (TIM2/3)

TIM2/TIM3 introduction

The TIM2 general-purpose timer consists of a 32-bit auto-reload counter driven by a programmable

prescaler.

The TIM3 general-purpose timer consists of a 16-bit auto-reload counter driven by a programmable

prescaler.

It may be used for a variety of purposes, including measuring the pulse lengths of input signals (input

capture) or generating output waveforms (output compare, PWM).

Pulse lengths and waveform periods can be modulated from a few microseconds to several millisec-

onds using the timer prescaler and the RCC clock controller prescalers.

The timers are completely independent, and do not share any resources. They can be synchronized

together.

TIM2/3 main features
General purpose TIM2/3 timer features include:
A 16-bit (TIM3), 32-bit (TIM2) up, down, up/down auto-reload counter

A 16-bit programmable prescaler used to divide the counter clock frequency by any factor between

1 and 65536
A 4 independent channels for
[ Input capture
[ Output compare
i PWM generation (edge- and center-aligned modes)
[ One-pulse mode output
A Synchronization circuit to control the timer with external signals and to interconnect several timers.
A Interrupt/DMA generation on the following events:
i Update:counter overflow/underflow, counter initialization (by software or internal/external
trigger)
i Trigger event (counter start, stop, initialization or count by internal/external trigger)
i Input capture
i Output compare
A Support incremental (quadrature) encoder and Hall sensor circuits for positioning.
A Trigger input for external clock or cycle-by-cycle current management
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20.3.

20.3.1.
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Figure 20-1 General-purpose timer block diagram

TIM2/3 functional description

Time-base unit

The main block of the TIM2/3 timer is a 16-bit (TIM3) or 32-bit (TIM2) counter with its related auto-
reload register. The counter can count up, down or both up and down. The counter clock can be divided

by a prescaler.

The counter, the auto-reload register and the prescaler register can be written or read by software.

This is true even when the counter is running.
The time-base unit includes:

A Counter register (TIMx_CNT)

A Prescaler register (TIMx_PSC)

A  Auto-reload register (TIMx_ARR)

The auto-load register is preloaded. Writing to or reading from the auto-load register accesses the
preload register. The content of the preload register is transferred into the shadow register permanently
or at each update event (UEV), depending on the auto-reload preload enable bit (ARPE) in TIMx_CR1
register. The update event is sent when the counter reaches the overflow (or underflow when
downcounting) and if the UDIS bit equals 0 in the TIMx_CR1 register. It can also be generated by

software.

The counter is clocked by the prescaler output CK_CNT, which is enabled only when the counter en-

able bit (CEN) in TIMx_CR1 register is set.

Note that the counter starts counting 1 clock cycle after setting the CEN bit in the TIMx_CR register.
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Prescaler description

The prescaler can divide the counter clock frequency by any factor between 1 and 65536. It is based
on a 16-bit counter controlled through a 16-bit register (in the TIMx_PSC register). It can be changed
on the fly as this control register is buffered. The new prescaler ratio is taken into account at the next

update event.

Figures below give some examples of the counter behavior when the prescaler ratio is changed on
the fly:

ck_psd Uyl
CEN___|

Timer ook = ck_cnr | LT LTI

[}
Counter register F7 F(X 00
[}

update event(UEV)

o
=

03

[any

S | Sy HD P ><__:I______

Prescaler counter register 0 ‘X

/"

writing a new value in TIMx_PSC

[y

e T i = Sy SR

Prescaler buffer 0

Prescaler counter 0 (oY1 Xo)2)o)z1)o)

_ L __--_-____:I_
S | SN S PR ><__:|______

Figure 20-2 Counter timing diagram with prescaler division change from 1 to 2

CcK_Psd [yt
CEN___|

Timer ook = ck_ent | LT LTI

1
T
]
1
1

1 !_l

Counter register F7 F(X 00 X 01

] ]
]
update event(UEV) !_| i
] 1
Prescaler counter register 0 ‘X E 3 i
s : :
writing a new value in TIMx_PSC : :
1 1
Prescaler buffer 0 X 3
1 ]
1 1

Prescaler counter 0 (oY1 )23 oY1 )2) 3

Figure 20-3 Counter timing diagram with prescaler division change from 1 to 4

20.3.2. Counter mode

20.3.2.1. Upcounting mode
In upcounting mode, the counter counts from 0 to the auto-reload value, then restarts from 0 and

generates a counter overflow event.

An Update event can be generated at each counter overflow or by setting the UG bit in the

TIMx_EGR register (by software or by using the slave mode controller).
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The UEV event can be disabled by software by setting the UDIS bit in the TIMx_CR1 register. This is
to avoid updating the shadow registers while writing new values in the preload registers. Then no
update event occurs until the UDIS bit has been written to 0. However, the counter restarts from 0, as
well as the counter of the prescaler (but the prescale rate does not change). In addition, if the URS bit
(update request selection) in TIMx_CR1 register is set, setting the UG bit generates an update event
UEV but without setting the UIF flag (thus no interrupt or DMA request is sent). This is to avoid gener-

ating both update and capture interrupts when clearing the counter on the capture event.

When an update event occurs, all the registers are updated and the update flag (UIF bit in TIMx_SR
register) is set (depending on the URS bit).

A The auto-reload shadow register is updated with the preload value (TIMX_ARR).

A The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC register).
The following figures show some examples of the counter behavior for different clock frequencies

when TIMx_ARR=0x36.
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1
T
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i
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Figure 20-6 Counter timing diagram, internal clock divided by 4
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Figure 20-7 Counter timing diagram, internal clock divided by N

CK_PSC J|_||_||_||_||_||_||_||_

1 1
CEN__| 1
1 1
1 1
Timer dock = ck_ont LI LML UL LU
1
Counter register 31 32( 3322535 00) 01} 03(GB 0 T 0BT
1

update event(UEV) i_l
i
/1
1
I

counter overflow

update interrupt flag
(UIF)

Auto-reload preload EF ‘x 36
register Val

writing a new value in TIMx_ARR

Figure 20-8 Counter timing diagram, update event when ARPE=0 (TIMx_ARR not preloaded)
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Figure 20-9 Counter timing diagram, update event when ARPE=1 (TIMx_ARR preloaded)

20.3.2.2. Downcounting mode
In downcounting mode, the counter counts from the auto-reload value down to O, then restarts from

the auto-reload value and generates a counter underflow event.

An Update event can be generating at each counter underflow or by setting the UG bit in the

TIMx_EGR register (by software or by using the slave mode controller).

The UEV update event can be disabled by software through setting the UDIS bit in TIMx_CR1 register.
This is to avoid updating the shadow registers while writing new values in the preload registers. Then
no update event occurs until UDIS bit has been written to 0. However, the counter restarts from the
current auto-reload value, whereas the counter of the prescaler restarts from 0 (but the prescale rate

doesndt change).

In addition, if the URS bit (update request selection) in TIMx_CRL1 register is set, setting the UG bit
generates an UEV update event but without setting the UIF flag (thus no interrupt and DMA requests
are sent). This is to avoid generating both update and capture interrupts when clearing the counter

on the capture event.

When an update event occurs, all the registers are updated and the update flag (UIF bit in TIMx_SR

register) is set (depending on the URS bit).

A  The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC register).

A The auto-reload active register is updated with the preload value (content of the TIMx_ARR reg-
ister).

Note that the auto-reload is updated before the counter is reloaded, so that the next period is the

expected one.
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Figure 20-10 Counter timing diagram, internal clock divided by 1
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Figure 20-11 Counter timing diagram, internal clock divided by 2
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Figure 20-12 Counter timing diagram, internal clock divided by 4
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Figure 20-13 Counter timing diagram, internal clock divided by N
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Figure 20-14 Counter timing diagram, update event when repetition counter is not used
Center-aligned mode (up/down counting)
In center-aligned mode, the counter counts from 0 to the auto-reload value (content of the TIMx_ARR
register) i 1, generates a counter overflow event, then counts from the auto-reload value down to 1

and generates a counter underflow event. Then it restarts counting from 0.

Center-aligned mode is active when the CMS bits in TIMx_CR1 register are not equal to '0'. The Output
compare interrupt flag of channels configured in output is set when:the counter counts down (Center
aligned mode 1, CMS = fA0l1l0), the counter counts wup

counts up and down (Center aligned mode 3, CMS = fl

In this mode, the DIR direction bit in the TIMx_CR1 register cannot be written. It is updated by hardware
and gives the current direction of the counter.

The update event can be generated at each counter overflow and at each counter underflow or by
setting the UG bit in the TIMX_EGR register (by software or by using the slave mode controller) also
generates an update event. In this case, the counter restarts counting from0, as well as the counter of
the prescaler.

The UEV event can be disabled by software by setting the UDIS bit in the TIMx_CR1 register. This is

to avoid updating the shadow registers while writing new values in the preload registers. Then no
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update event occurs until UDIS bit has been written to 0. However, the counter continues counting up

and down, based on the current auto-reload value.

In addition, if the URS bit (update request selection) in TIMx_CR1 register is set, setting the UG bit
generates an UEV update event but without setting the UIF flag (thus no interrupt and DMA requests
are sent). This is to avoid generating both update and capture interrupts when clearing the counter on
the capture event.

When an update event occurs, all the registers are updated and the update flag (UIF bit in TIMx_SR
register) is set (depending on the URS bit).

A The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC register).
A The auto-reload active register is updated with the preload value (content of the TIMx_ARR reg-

ister).
Note that if the update source is a counter overflow, the auto-reload is updated before the counter is

reloaded, so that the next period is the expected one (the counter is loaded with the new value).

CK_PSC _||_||_||_||_||_||_||_||—||—
1
CEN |
1
1
rimer dock = ok ont [T LML
1 1 1
Counter register 040302 03{00)02) 02 0303 eB 08 05X 002
1

counter underflow I—l

-

counter overflow

update event(UEV) I_l |_|

update interrupt flag |
(UIF)

Figure 20-15 Counter timing diagram, internal clock divided by 1, TIMX_ARR = 0x6

CK_PsC |_| |_‘|_||_||_||_||_||_||—||—
1
CEN I
[}
1

-
-1

Timer clock = CK_CNT : |_| ! |_| |_|_|—|_
]
Counter register 0003 ) 0002 X 0001) 0000 X 0001 X 0002 ) 0003
)
[}
update event(UEV) !_l
1
counter underflow l_l
1
update interrupt flag |
(UIF)
Figea®eleeCounter timing diagram, internal
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CKPSC U|_||_||_||_||_||_||_||_
1
CEN
1
1

] -

< j""'_
-j-__-__

Timer clock=CKCNT.
Counter register 0034 0035 X 0036 XOO35
1
update evenfUEV !_l
1
counter overflow. I_l
]
update interrupt flag |
(IR
note:Here center_aligned mode2 or 3 is updated with an UIF on overflow
Figa®eleount erditagm am, internal clock division factc
CKPSC _| |7/ LI ]_l |_| _| |_‘ U |_
1 1
Timer clock= CKCNT. !_l /4_|
1 / 1
Counter register 20 X 1F // OﬁX 00
7 / \
update even(UEVY !—l
counter underflow !—l
1
update interrupt flag |
(Gl
Fig2®le8ounter timing diagr am, internal clock

CNTEN

Timer clocke CKCNT

AR RRR AR RR R RRRRREY

Counter register

0605} 04)03) 02 01 00 01 02) 03 04 05) 08 07)

Counter underflow

[

Update eventUEY [
Update interrupt flaguIp ]
Auto-reload preload register FD X 36
al
Auto-reload shadow register FD X 36

Write a new value in TIMARR

Fig2©leXount er

ti mi ng ekentaithARPBEsL (cmdiatt er

under fl ow)
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ckpse- Ut

CNTEN |

Tir clocke CKCONT QEERRRERERRRERTY
Counter register 77 )(re) o)A P FO(36( 25343323 313028
Counter overflow |_|
Update evenfUEY [

Update interrupt flaguIp |

Auto-reload preload register FD X 36

Pl

Auto-reload shadow register FD X 36

Write a new value in TIMARR

20.3.3. Clock sources

The counter clock can be provided by the following clock sources:

> >

b3

Internal clock (CK_INT)

External clock model:external input pin

Fig@2a®elounter timing diagr am, updatver é v @ mwi

Internal trigger inputs (ITRx):using one timer as prescaler for another timer. For example, the

user can configure Timer 1 to act as a prescaler for Timer 3.

Internal clock source (CK_INT)

If the slave mode controller is disabled, then the CEN, DIR (in the TIMx_CR1 register) and UG bits (in

the TIMXx_EGR register) are actual control bits and can be changed only by software. As soon as the

CEN bit is written to 1, the prescaler is clocked by the internal clock CK_INT.

internal clock |_| |_, |_| |_| |_| |_| ]_l |_| |—| |—

1
CEN=CNT_EN
]

—

—

Counter clock= CK_PSC=C K_&LW
| U
Counter register__31_)(32Y23(34Ya5) 36/ 00} 03 03(03)04( 050807

UG

CNT_INT

i th

A

Fig2®©2elControl circuit in ndiwmabechobg, linternal

External clock source mode 1

This mode is selected when SMS=111 in the TIMXx_SMCR register. The counter can count at each

rising or falling edge on a selected input.
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