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Introduction

This reference manual provides detailed information on how to use memory and peripherals of
MG32F157xx series microcontroller , including internal structure of each function module, descrip-
tion of all possible functions, usage of various working modes and register configuration to help users
solve application problems

MG32F157xx series microcontrollers have different memory capacities, packages and peripheral con-
figurations. The configurations mentioned in this reference manual are only the highest of the series.

For the memory capacity, package and peripheral configuration, electrical and physical performance
parameters of the MG32F157xx series, please refer to the data manual of the specific model of the
series.

Download the relevant information:
http://www.megawin.com.tw

This document is only used to help users understand and use the product, and does not assume any
loss or damage caused by the use of any information in this document or any incorrect use of the
product!
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1 Document convention

1.1 The list of abbreviations used in the register description table

The following abbreviations are used in the description of the register:

Tab 1.1-1 Abbreviated list

Abbreviation  Full name Description

R read-only Software can only read this bit

W write-only Software can only write this bit

RW read/write Software can read and write this bit

RC_WO0 read/clear writeO  Software can read this bit or clear it by writing '0". Writing "1" has no effect on
this bit

RC_W1 read/clear write1 Software can read this bit or clear it by writing "1". Writing ‘0’ has no effect on
this bit

RC_R read/clear by read Software can read this bit. When this bit is read, it will be cleared automatically.
Writing has no effect on this bit

RS_R read/set by read Software can read this bit. When this bit is read, it is automatically set. Writing
has no effect on this bit.

RS read/set Software can read or set this bit, write ‘0’ has no effect on this bit

S set The software can only set this bit. Writing ‘0’ has no effect on this bit

T toggle The software can only flip this bit by writing “1". Writing ‘0’ has no effect on this
bit

Res. Reserved Reserved bit.

Z Y *megawin
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2 Memory and bus architecture
2.1 System architecture

The main system consists of:

« Four masters:
- Cortex™-M3 core DCode bus (D-bus) and System bus (S-bus)
- GP-DMA 1/2 (general-purpose DMA 1/2)
* three slaves:
- Internal SRAM
- Internal Flash memory
- AHB to APBx (APB1 or APB2), which connect all the APB peripherals

These are interconnected using a multilayer AHB bus architecture

Fig 2.1-1 System architecture
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<
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1. ICode bus
This bus connects the Instruction bus of the Cortex™-M3 core to the Flash memory instruction
interface. Prefetching is performed on this bus.

2. DCode bus
This bus connects the DCode bus (literal load and debug access) of the Cortex™-M3 core to the
Flash memory Data interface.

3. System bus
This bus connects the system bus of the Cortex™-M3 core (peripherals bus) to a BusMatrix which
manages the arbitration between the core and the DMA.

4. DMA bus
This bus connects the AHB master interface of the DMA to the BusMatrix which manages the
access of CPU DCode and DMA to SRAM, Flash memory and peripherals.

5. BusMatrix
the BusMatrix is composed of four masters (CPU DCode, System bus, DMA1 bus and DMAZ2 bus)
and three slaves (FLITF, SRAM and AHB2APB bridges).
AHB peripherals are connected on system bus through a BusMatrix to allow DMA access.

6. AHB/APB bridges (APB)
The two AHB/APB bridges provide full synchronous connections between the AHB and the 2
APB buses. APB1 is limited to 48 MHz, APB2 operates at full speed (up to 96 MHz depending
on the device). Refer to Tab:2.3-1 for the address mapping of the peripherals connected to each
bridge. After each device reset, all peripheral clocks are disabled (except for the SRAM and FLITF).
Before using a peripheral you have to enable its clock in the RCC_AHBENR, RCC_APB2ENR or
RCC_APB1ENR register.

Note: When a 16- or 8-bit access is performed on an APB register, the access is transformed into a 32-bit access: the bridge
duplicates the 16- or 8-bit data to feed the 32-bit vector.

2.2 Memory organization

Program memory, data memory, registers and I/O ports are organized within the same linear 4-Gbyte
address space. The bytes are coded in memory in Little Endian format. The lowest numbered byte
in a word is considered the word’ s least significant byte and the highest numbered byte the most
significant.

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

All the memory areas that are not allocated to on-chip memories and peripherals are considered
“Reserved” .

2.3 Memory map

Tab: 2.3-1 gives the boundary addresses of the peripherals available in MG32F157xx .
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Tab 2.3-1 Register boundary addresses
Boundary address | Peripheral Register map
AHB Bus
0x4002 6000 - 0x4002 63FF AES
0x4002 5000 - 0x4002 53FF TRNG
0x4002 3000 - 0x4002 33FF CRC

0x4002 2000 - 0x4002 23FF

Flash memory interface

0x4002 1400 - 0x4002 1FFF

Reserved

0x4002 1000 - 0x4002 13FF

Reset and clock control RCC

0x4002 0800 - 0x4002 OFFF Reserved
0x4002 0400 - 0x4002 07FF DMA2
0x4002 0000 - 0x4002 03FF DMA1
0x4001 8400 - 0x4001 7FFF Reserved
0x4001 8000 - 0x4001 83FF SDIO

APB2 Bus

0x4001 4000 - 0x4001 7FFF QSPI
0x4001 3C00 - 0x4001 3FFF ADC3
0x4001 3800 - 0x4001 3BFF USART1
0x4001 3400 - 0x4001 37FF TIMS8 timer
0x4001 3000 - 0x4001 33FF SPI1

0x4001 2C00 - 0x4001 2FFF TIM1 timer
0x4001 2800 - 0x4001 2BFF ADC2
0x4001 2400 - 0x4001 27FF ADC1
0x4001 2000 - 0x4001 23FF GPIO Port G
0x4001 2000 - 0x4001 23FF GPIO Port F
0x4001 1800 - 0x4001 1BFF GPIO Port E
0x4001 1400 - 0x4001 17FF GPIO Port D
0x4001 1000 - 0x4001 13FF GPIO Port C
0X4001 0C00 - 0x4001 OFFF GPIO Port B
0x4001 0800 - 0x4001 OBFF GPIO Port A
0x4001 0400 - 0x4001 O7FF EXTI

0x4001 0000 - 0x4001 03FF AFIO

APB1 Bus

0x4000 7800 - 0x4000FFFF Reserved
0x4000 7400 - 0x4000 77FF DAC

0x4000 7000 - 0x4000 73FF

Power control PWR

0x4000 6C00 - 0x4000 6FFF

Backup registers (BKP)

0x4000 6800 - 0x4000 6BFF

Reserved

0x4000 6400 - 0x4000 67FF

bxCAN1

0x4000 6000 - 0x4000 63FF

Shared USB/CAN SRAM 512 bytes

0x4000 5C00 - 0x4000 5FFF

USB device FS registers

0x4000 5800 - 0x4000 5BFF 12C2
0x4000 5400 - 0x4000 57FF 12C1
0x4000 5000 - 0x4000 53FF UART5
0x4000 4C00 - 0x4000 4FFF UART4
0x4000 4800 - 0x4000 4BFF USART3
0x4000 4400 - 0x4000 47FF USART2
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(Continuation)

Boundary address Peripheral Register map
0x4000 4000 - 0x4000 3FFF Reserved
0x4000 3C00 - 0x4000 3FFF SPI3/12S3
0x4000 3800 - 0x4000 3BFF SPI12/12S3
0x4000 3400 - 0x4000 37FF Reserved

0x4000 3000 -

0x4000 33FF

Independent watchdog(IWDG)

0x4000 2C00 -

0x4000 2FFF

Window watchdog(WWDG)

0x4000 2800 -

0x4000 2BFF

RTC

0x4000 1800 - 0x4000 27FF Reserved

0x4000 1400 - 0x4000 17FF TIM7 timer
0x4000 1000 - 0x4000 13FF TIM6 timer
0x4000 0COO0 - 0x4000 OFFF TIMS5 timer
0x4000 0800 - 0x4000 OBFF TIM4 timer
0x4000 0400 - 0x4000 07FF TIM3 timer
0x4000 0000 - 0x4000 03FF TIM2 timer

2.3.1 Embedded SRAM

MG32F157xx features up to 96 Kbytes of static SRAM. It can be accessed as bytes, half-words (16 bits)
or full words (32 bits). The SRAM start address is 0x2000 0000,

2.4 Bit banding

The Cortex™-M3 memory map includes two bit-band regions. These regions map each word in an
alias region of memory to a bit in a bit-band region of memory. Writing to a word in the alias region
has the same effect as a read-modify-write operation on the targeted bit in the bit-band region.
MG32F157xx both peripheral registers and SRAM are mapped in a bit-band region. This allows single
bit-band write and read operations to be performed. The operations are only available for Cortex ®
-M3 accesses, not from other bus masters (e.g. DMA).

bit_word_addr = bit_band_base + (byte_of fsetx32) + (bit_numberx4)

where:

bit_word_addr is the address of the word in the alias memory region that maps to the targeted bit.
bit_band_base is the starting address of the alias region

byte_offset is the number of the byte in the bit-band region that contains the targeted bit
bit_number is the bit position (0-7) of the targeted bit.

Example:

The following example shows how to map bit 2 of the byte located at SRAM address 0x20000300 in
the alias region:

0x22006008 = 0x22000000 + (0x300 x 32) + (2 x 4).

Writing to address 0x22006008 has the same effect as a read-modify-write operation on bit 2 of the
byte at SRAM address 0x20000300
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Reading address 0x22006008 returns the value (0x01 or 0x00) of bit 2 of the byte at SRAM address
0x20000300 (0x01: bit set; 0x00: bit reset)

2.5 Embedded Flash memory

The high-performance Flash memory module has the following key features:

+ density of up to 512 Kbytes, the Flash memory is organized as a main block and an information
block:
- main block: up to 64 Kb x 64 bits divided into 256 pages of 2 Kbytes each for devices, see
Table2.5-1
- information block: 258 x 64 bits ,see Table2.5-1
* The Flash memory interface (FLITF) features:
- Read interface with prefetch buffer (2x64-bit words)
- Option byte Loader
- Flash Program / Erase operation
- Read / Write protection

Tab 2.5-1 Flash module organization

Block Name Base addresses Size (bytes)
Page 0 0x0800 0000 - 0x0800 03FF 1 Kbytes
Page 1 0x0800 0400 - 0x0800 O7FF 1 Kbytes
) Page 2 0x0800 0800 - 0x0800 OBFF 1 Kbytes
Main memory
Page 3 0x0800 0COO0 - 0x0800 OFFF 1 Kbytes
Page 255 0x0809 5400 - 0x0809 57FF 1 Kbytes
Information block System memory O0x1FFF E800 - Ox1FFF EBFF 1 Kbytes
Option Bytes Ox1FFF F800 - Ox1FFF F8OF 16
FLASH_ACR 0x4002 2000 - 0x4002 2003 4
FLASH_KEYR 0x4002 2004 - 0x4002 2007 4
FLASH_OPTKEYR 0x4002 2008 - 0x4002 200B 4
FLASH_SR 0x4002 200C - 0x4002 200F 4
Flash memory FLASH_CR 0x4002 2010 - 0x4002 2013 4
interface registers FLASH_AR 0x4002 2014 - 0x4002 2017 4
Reserved 0x4002 2018 - 0x4002 201B 4
FLASH_OBR 0x4002 201C - 0x4002 201F 4
FLASH_WRPR 0x4002 2020 - 0x4002 2023 4

Reading the Flash memory

Flash memory instructions and data access are performed through the AHB bus. The prefetch block
is used for instruction fetches through the ICode bus. Arbitration is performed in the Flash memory
interface, and priority is given to data access on the DCode bus.

Read accesses can be performed with the following configuration options:

* Latency: number of wait states for a read operation programmed on-the-fly
+ Prefetch buffer (2 x 64-bit blocks): it is enabled after reset; a whole block can be replaced with a
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single read from the Flash memory as the size of the block matches the bandwidth of the Flash
memory. Thanks to the prefetch buffer, faster CPU execution is possible as the CPU fetches one
word at a time with the next word readily available in the prefetch buffer

* Half cycle: for power optimization

Note:

1. These options have to be used in accordance with the Flash memory access time. The wait states represent the ratio of

the SYSCLK (system clock) period to the Flash memory access time:
0 wait states, if 0 < SYSCLK < 48MHz
1 wait states, if 48MHz < SYSCLK < 96MHz

2. Half cycle configuration is not available in combination with a prescaler on the AHB. The system clock (SYSCLK) should
be equal to the HCLK clock. This feature can therefore be used only with a low-frequency clock of 8 MHz or less. It can
be generated from the HSI or the HSE but not from the PLL.

3. The prefetch buffer must be kept on when using a prescaler different from 1 on the AHB clock.

4. The prefetch buffer must be switched on/off only when SYSCLK is lower than 24 MHz and no prescaler is applied on
the AHB clock (SYSCLK must be equal to HCLK). The prefetch buffer is usually switched on/off during the initialization
routine, while the microcontroller is running on the internal 8 MHz RC (HSI) oscillator.

5. Using DMA: DMA accesses Flash memory on the DCode bus and has priority over ICode instructions. The DMA provides
one free cycle after each transfer. Some instructions can be performed together with DMA transfer.

Programming and erasing the Flash memory

The Flash memory can be programmed 16 bits (half words) at a time.

For write and erase operations on the Flash memory (write/erase), the internal RC oscillator (HSI) must
be ON. The Flash memory erase operation can be performed at page level or on the whole Flash area
(mass-erase). The mass-erase does not affect the information blocks.

To ensure that there is no over-programming, the Flash Programming and Erase Controller blocks are
clocked by a fixed clock.

The End of write operation (programming or erasing) can trigger an interrupt. This interrupt can be
used to exit from WFI mode, only if the FLITF clock is enabled. Otherwise, the interrupt is served only
after an exit from WFI.

Flash access control register (FLASH_ACR)

Register | Address offset | Access | Reset value | Description
FLASH_ACR 0x00 RW 0x0000_0030 | Flash access control register

31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved

23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved

15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Reserved

7 | 6 5 4 | 3 2 | 1 | 0

Reserved Reserved Reserved LATENCY

Flash access control register (FLASH_ACR)bit description

Va0
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Bit Access | Description

[31:6] R Reserved,must be kept at reset value
[5] R Reserved

[4:3] RW Reserved

[2:0] RW LATENCY: Latency

These bits represent the ratio of the SYSCLK (system clock) period to the Flash access time.
0 wait state, if 0 < SYSCLK < 48 MHz
1 wait state, if 48 MHz < SYSCLK < 96 MHz

2.6 Boot configuration

In the MG32F157xx, 3 different boot modes can be selected through BOOT[1:0] pins

Tab 2.6-1 Boot modes

Boot mode selection pins L.
Boot modes Aliasing
BOOT1 BOOTO
X 0 Main Flash memory Main Flash memory is selected as
boot space

0 1 System memory System memory is selected as boot
space

1 1 Embedded SRAM Embedded SRAM is selected as boot
space

The values on the BOOT pins are latched on the 4th rising edge of SYSCLK after a reset. It is up to the
user to set the BOOT1 and BOOTO pins after Reset to select the required boot mode.

The BOOT pins are also re-sampled when exiting from Standby mode. Consequently they must be
kept in the required Boot mode configuration in Standby mode. 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 starting from 0x0000 0004.

Due to its fixed memory map, the code area starts from address 0x0000_0000 (accessed through the
ICode/DCode buses) while the data area (SRAM) starts from address 0x2000_0000 (accessed through
the system bus). The Cortex-M3 CPU always fetches the reset vector on the ICode bus, which implies
to have the boot space available only in the code area (typically, Flash memory). MG32F157xx mi-
crocontrollers implement a special mechanism to be able to boot also from SRAM and not only from
main Flash memory and System memory.

Depending on the selected boot mode, main Flash memory, system memory or SRAM is accessible as
follows:

+ Boot from main Flash memory:
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.

« Boot from system memory:
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the system memory is aliased in the boot memory space (0x0000_0000), but still accessible from
its original memory space (Ox1FFF_E800 ).

* Boot from the embedded SRAM:
SRAM is accessible only at address 0x2000_0000.

2.7 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:The bootoader is
activated through the USART1 interface.

£ 2 megawin Doc ID 2157012 Rev 2.4 10/639
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3 FLASH

3.1 FLASH Features

* up to 256 Kbytes of Flash memory
* Memory organization:
- Main memory block:
32 Kbits x 64 bits
- Information block:
258 x 64 bits
Flash memory interface (FLITF) features:
* Read interface with prefetch buffer (2 x 64-bit words)
+ Option byte Loader
* Flash Program / Erase operation
* Read / Write protection
* Low-power mode

3.2 Flash module organization

The memory organization is based on a main memory block containing 256 pages of 1 Kbyte , and an
information block as shown in Table 3.2-1.

Va0
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Tab 3.2-1 Flash module organization
Block Name Base addresses Size (bytes)
Page 0 0x0800 0000 - 0x0800 03FF 1 Kbytes
Page 1 0x0800 0400 - 0x0800 07FF 1 Kbytes
) Page 2 0x0800 0800 - 0x0800 OBFF 1 Kbytes
Main memory
Page 3 0x0800 0COO0 - 0x0800 OFFF 1 Kbytes
Page 255 0x0809 5400 - 0x0809 57FF 1 Kbytes
Information block Systern memory 0x1FFF E800 - Ox1FFF EBFF 1 Kbytes
Option Bytes 0x1FFF F800 - Ox1FFF F8OF 16
FLASH_ACR 0x4002 2000 - 0x4002 2003 4
FLASH_KEYR 0x4002 2004 - 0x4002 2007 4
FLASH_OPTKEYR 0x4002 2008 - 0x4002 200B 4
FLASH_SR 0x4002 200C - 0x4002 200F 4
Flash memory FLASH_CR 0x4002 2010 - 0x4002 2013 4
interface registers FLASH_AR 0x4002 2014 - 0x4002 2017 4
Reserved 0x4002 2018 - 0x4002 201B 4
FLASH_OBR 0x4002 201C - 0x4002 201F 4
FLASH_WRPR 0x4002 2020 - 0x4002 2023 4

The Flash memory is organized as 32-bit wide memory cells that can be used for storing both code
and data constants. The Flash module is located at a specific base address in the memory map of
each MG32F157xx microcontroller type.

The information block is divided into two parts:

+ System memory is used to boot the device in System memory boot mode. The area contains the
boot loader which is used to reprogram the Flash memory using the USART1 serial interface.
+ Option bytes

Write operations to the main memory block and the option bytes are managed by an embedded Flash
Program/Erase Controller (FPEC). The high voltage needed for Program/Erase operations is internally
generated.

The main Flash memory can be protected against different types of unwanted access (read/write/erase).
There are two types of protection:

+ Page Write Protection
* Read Protection

During a write operation to the Flash memory, any attempt to read the Flash memory will stall the
bus. The read operation will proceed correctly once the write operation has completed. This means
that code or data fetches cannot be made while a write/erase operation is ongoing.

For write and erase operations on the Flash memory (write/erase), the internal RC oscillator (HSI) must
be ON.

The Flash memory can be programmed and erased using in-circuit programming and in- application
programming.
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Note: Inthe low-power modes, all Flash memory accesses are aborted.

3.3 Reading/programming the embedded Flash memory
3.3.1 Read operation

The embedded Flash module can be addressed directly, as a common memory space. Any data read
operation accesses the content of the Flash module through dedicated read senses and provides the
requested data.

The read interface consists of a read controller on one side to access the Flash memory and an AHB
interface on the other side to interface with the CPU. The main task of the read interface is to generate
the control signals to read from the Flash memory and to prefetch the blocks required by the CPU. The
prefetch block is only used for instruction fetches over the I-Code bus. The Literal pool is accessed over
the D-Code bus. Since these two buses have the same Flash memory as target, D-code bus accesses
have priority over prefetch accesses.

3.3.2 Instruction fetch

The Cortex-M3 fetches the instruction over the I-Code bus and the literal pool (constant/data) over
the D-code bus. The prefetch block aims at increasing the efficiency of I-Code bus accesses.

Prefetch buffer

The prefetch buffer is 2 blocks wide where each block consists of 8 bytes. The prefetch blocks are
direct-mapped. A block can be completely replaced on a single read to the Flash memory as the size
of the block matches the bandwidth of the Flash memory.

The implementation of this prefetch buffer makes a faster CPU execution possible as the CPU fetches
one word at a time with the next word readily available in the prefetch buffer. This implies that the
acceleration ratio will be of the order of 2 assuming that the code is aligned at a 64-bit boundary for
the jumps.

Prefetch controller

The prefetch controller decides to access the Flash memory depending on the available space in the
prefetch buffer. The Controller initiates a read request when there is at least one block free in the
prefetch buffer.

After reset, the state of the prefetch buffer is on.

The prefetch buffer should be switched on/off only when SYSCLK is lower than 24 MHz and no
prescaler is applied on the AHB clock (SYSCLK must be equal to HCLK). The prefetch buffer is usually
switched on/off during the initialization routine, while the microcontroller is running on the internal
8 MHz RC (HSI) oscillator.

Note: The prefetch buffer must be kept on (FLASH_ACR[4]=" 1’ ) when using a prescaler different from 1 on the AHB clock.

In case of non-availability of a high frequency clock in the system, Flash memory accesses can be
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made on a half cycle of HCLK (AHB clock), the frequency of HCLK permitting (half- cycle access can
only be used with a low-frequency clock of less than 8 MHz that can be obtained with the use of HSI
or HSE but not of PLL). This mode can be chosen by setting a control bit in the Flash access control
register.

Note: Half-cycle access cannot be used when there is a prescaler different from 1 on the AHB clock.

Access time tuner

In order to maintain the control signals to read the Flash memory, the ratio of the prefetch controller
clock period to the access time of the Flash memory has to be programmed in the Flash access control
register. This value gives the number of cycles needed to maintain the control signals of the Flash
memory and correctly read the required data. After reset, the value is zero and only one cycle is
required to access the Flash memory.

3.3.3 D-Code interface

The D-Code interface consists of a simple AHB interface on the CPU side and a request generator to
the Arbiter of the Flash access controller. D-code accesses have priority over prefetch accesses. This
interface uses the Access Time Tuner block of the prefetch buffer.

3.3.4 Flash access controller

Mainly, this block is a simple arbiter between the read requests of the prefetch/I-code and D- Code
interfaces.

D-Code interface requests have priority over I-Code requests.

3.4 Flash program and erase controller (FPEC)

The FPEC block handles the program and erase operations of the Flash memory. The FPEC consists
of seven 32-bit registers.

* FPEC key register (FLASH_KEYR)

+ Option byte key register (FLASH_OPTKEYR)
* Flash control register (FLASH_CR)

* Flash status register (FLASH_SR)

* Flash address register (FLASH_AR)

+ Option byte register (FLASH_OBR)

* Write protection register (FLASH_WRPR)

An ongoing Flash memory operation will not block the CPU as long as the CPU does not access the
Flash memory.

3.4.1 Key values

The key values are as follows:

« RDPRT key = 0xA5
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+ KEY1 = 0x45670123
+ KEY2 = OxCDEF89AB

3.4.2 Unlocking the Flash memory

After reset, the FPEC block is protected. The FLASH_CR register is not accessible in write mode.
An unlocking sequence should be written to the FLASH_KEYR register to open up the FPEC block.
This sequence consists of two write cycles, where two key values (KEY1 and KEY2) are written to the
FLASH_KEYR address . Any wrong sequence locks up the FPEC block and FLASH_CR register until the
next reset. Also a bus error is returned on a wrong key sequence. 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 FPEC block and FLASH_CR register can be locked by the user’ s software by
writing the LOCK bit of the FLASH_CR register to 1. In this case, the FPEC can be unlocked by writing
the correct sequence of keys into FLASH_KEYR.

3.4.3 Main Flash memory programming

The main Flash memory can be programmed 16 bits 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 half-word long will result in a bus error response from the
FPEC. If a read/write operation is initiated during programming, (BSY bit set), the CPU stalls until the
ongoing main Flash memory programming is over.

Fig 3.4-1 Programming procedure

Read FLASH_CR_LOCK

Perform unlock sequency

FLASH_CR_LOCK

Write FLASH_CR_PG to 1

Y

Perform half-word write at the
desired address

<
<

FLASH_SR_BSY
=1

Check the programmed value
by reading the programmed
address
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Standard programming

In this mode the CPU programs the main Flash memory by performing standard half-word write op-
erations. The PG bit in the FLASH_CR register must be set. FPEC preliminarily reads the value at the
addressed main Flash memory location and checks that it has been erased. If not, the program op-
eration is skipped and a warning is issued by the PGERR bit in FLASH_SR register (the only exception
to this is when 0x0000 is programmed. In this case, the location is correctly programmed to 0x0000
and the PGERR bit is not set). If the addressed main Flash memory location is write-protected by the
FLASH_WRPR register, the program operation is skipped and a warning is issued by the WRPRTERR
bit in the FLASH_SR register. The end of the program operation is indicated by the EOP bit in the
FLASH_SR register.

The main Flash memory programming sequence in standard mode is as follows:

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

+ Set the PG bit in the FLASH_CR register.

» Perform the data write (half-word) at the desired address.

« Wait for the BSY bit to be reset.

+ Read the programmed value and verify

Note: The registers are not accessible in write mode when the BSY bit of the FLASH_SR register is set.

3.4.4 Flash memory erase

The Flash memory can be erased page by page or completely (Mass Erase).
Page Erase

A page of the Flash memory can be erased using the Page Erase feature of the FPEC. To erase a page,
the procedure below should be followed:

+ Check that no Flash memory operation is ongoing by checking the BSY bit in the FLASH_CR reg-
ister

+ Set the PER bit in the FLASH_CR register

* Program the FLASH_AR register to select a page to erase

+ Set the STRT bit in the FLASH_CR register

« Wait for the BSY bit to be reset

* Read the erased page and verify
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{2 megawin Doc ID 2157012 Rev 2.4 16/639

make you win



3 FLASH MG32F157xx Reference Manual

Fig 3.4-2 Flash memory Page Erase procedure

Read FLASH_CR_LOCK

Perform unlock sequency

FLASH_CR_LOCK

Write FLASH_CR_PER to 1

Write into FAR an address
within the page to erase

A

Write FLASH_CR_STRT to 1

Check the page is erased by
reading all the addresses in
the page

Mass Erase

The Mass Erase command can be used to completely erase the user pages of the Flash memory. The
information block is unaffected by this procedure. The following sequence is recommended:

+ Check that no Flash memory operation is ongoing by checking the BSY bit in the FLASH_SR reg-
ister

+ Set the MER bit in the FLASH_CR register

+ Set the STRT bit in the FLASH_CR register

+ Wait for the BSY bit to be reset

« Read all the pages and verify
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Fig 3.4-3 Flash memory Mass Erase procedure

Read FLASH_CR_LOCK

Perform unlock sequency

FLASH_CR_LOCK
=1

Write into FLASH_CR_MER
to1

:

Write FLASH_CR_STRT to 1

Check the erase operation by
reading all the addresses in
the user memory

3.4.5 Option byte programming

The option bytes are programmed differently from normal user addresses. The number of option
bytes is limited to 8 (4 for write protection, 1 for read protection, 1 for configuration and 2 for user
data storage). After unlocking the FPEC, the user has to authorize the programming of the option
bytes by writing the same set of KEYS (KEY1 and KEY2) to the FLASH_OPTKEYR register to set the
OPTWRE bit in the FLASH_CR register (refer to Section 3.4.1 for key values). Then the user has to set
the OPTPG bit in the FLASH_CR register and perform a half-word write operation at the desired Flash
address.

FPEC preliminarily reads the value of the addressed option byte and checks that it has been erased.
If not, the program operation is skipped and a warning is issued by the PGERR bit in the FLASH_SR
register. The end of the program operation is indicated by the EOP bit in the FLASH_SR register.

The FPEC takes the LSB and automatically computes the MSB (which is the complement of the LSB)
and starts the programming operation. This guarantees that the option byte and its complement are
always correct.

The sequence is as follows:

+ Check that no Flash memory operation is ongoing by checking the BSY bit in the FLASH_SR reg-
ister.
* Unlock the OPTWRE bit in the FLASH_CR register.
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+ Set the OPTPG bit in the FLASH_CR register

» Write the data (half-word) to the desired address
« Wait for the BSY bit to be reset.

+ Read the programmed value and verify.

When the Flash memory read protection option is changed from protected to unprotected, a Mass
Erase of the main Flash memory is performed before reprogramming the read protection option. If
the user wants to change an option other than the read protection option, then the mass erase is not
performed. The erased state of the read protection option byte protects the Flash memory.

Erase procedure

The option byte erase sequence (OPTERASE) is as follows:

+ Check that no Flash memory operation is ongoing by reading the BSY bit in the FLASH_SR register
* Unlock the OPTWRE bit in the FLASH_CR register

+ Set the OPTER bit in the FLASH_CR register

+ Set the STRT bit in the FLASH_CR register

+ Wait for BSY to reset

+ Read the erased option bytes and verify

3.5 Protections

The user area of the Flash memory can be protected against read by untrusted code. The pages of the
Flash memory can also be protected against unwanted write due to loss of program counter contexts.
The write-protection granularity is then of:

* two pages
3.5.1 Read protection

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

Note: If the read protection is set while the debugger is still connected through SWD, apply a POR (power-on reset) instead

of a system reset (without debugger connection).
Once the protection byte has been programmed:

+ Main Flash memory read access is not allowed except for the user code (when booting from main
Flash memory itself with the debug mode not active).

+ Pages 0-1 are automatically write-protected. The rest of the memory can be programmed by
the code executed from the main Flash memory (for IAP, constant storage, etc.), but it is pro-
tected against write/erase (but not against mass erase) in debug mode or when booting from
the embedded SRAM.

+ All features linked to loading code into and executing code from the embedded SRAM are still
active (SWD and boot from embedded SRAM) and this can be used to disable the read protection.
When the read protection option byte is altered to a memory-unprotect value, a mass erase is
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performed.

« When booting from the embedded SRAM, Flash memory accesses through the code and through
data read using DMA1 and DMA2 are not allowed.

+ Flash memory access through data read using SWV (serial wire viewer), SWD (serial wire debug),
ETM and boundary scan are not allowed.

The Flash memory is protected when the RDP option byte and its complement contain the pair of
values shown in Tab:3.5-1

Tab 3.5-1 Flash memory protection status

RDP byte value RDP complement value Read protection status
OxFF OxFF Protected
RDPRT Complement of RDP byte Not protected
Any value Not the complement value of RDP Protected

Note: Erasing the option byte block will not trigger a mass erase as the erased value (OxFF) corresponds to a protected value.

Unprotection

To disable the read protection from the embedded SRAM:

+ Erase the entire option byte area. As a result, the read protection code (RDP) will be OxFF. At this
stage the read protection is still enabled.

* Program the correct RDP code 0x00A5 to unprotect the memory. This operation first forces a
Mass Erase of the main Flash memory.

* Reset the device (POR Reset) to reload the option bytes (and the new RDP code) and, to disable
the read protection.

Note: The read protection can be disabled using the boot loader (in this case only a System Reset is necessary to reload the
option bytes).

3.5.2 Write protection

In high-density and connectivity line devices, from page 0 to page 61, write protection is implemented
with a granularity of two pages at a time. The remaining memory block (from page 62 to page 255)
is write-protected at once.

If a program or an erase operation is performed on a protected page, the Flash memory returns a
protection error flag on the Flash memory Status Register (FLASH_SR).

The write protection is activated by configuring the WRP[3:0] option bytes, and then by applying a
system reset to reload the new WRPx option bytes

Unprotection

To disable the write protection, two application cases are provided:
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+ Case 1: Read protection disabled after the write unprotection:
- Erase the entire option byte area by using the OPTER bit in the Flash memory control register
(FLASH_CR)
- Program the correct RDP code 0x00A5 to unprotect the memory. This operation first forces
a Mass Erase of the main Flash memory.
- Reset the device (system reset) to reload the option bytes (and the new WRP[3:0] bytes), and
to disable the write protection
+ Case 2: Read protection maintained active after the write unprotection, useful for inapplication
programming with a user boot loader:
- Erase the entire option byte area by using the OPTER bit in the Flash memory control register
(FLASH_CR)
- Reset the device (system reset) to reload the option bytes (and the new WRP[3:0] bytes), and
to disable the write protection.

3.5.3 Option byte block write protection

The option bytes are always read-accessible and write-protected by default. To gain write access (Pro-
gram/Erase) to the option bytes, a sequence of keys (same as for lock) has to be written into the
OPTKEYR. A correct sequence of keys gives write access to the option bytes and this is indicated by
OPTWRE in the FLASH_CR register being set. Write access can be disabled by resetting the bit through
software.

3.6 Option byte description

There are eight option bytes. They are configured by the end user depending on the application
requirements. As a configuration example, the watchdog may be selected in hardware or software
mode.

A 32-bit word is split up as follows in the option bytes.

Tab 3.6-1 Option byte format

31-24 23-16 15-8 7-0

complemented option byte1 | Option byte 1 | complemented option byte0 | Option byte 0

The organization of these bytes inside the information block is as shown in Table 3.6-2. The option
bytes can be read from the memory locations listed in Table 3.6-2 or from the Option byte register
(FLASH_OBR).

Note: The new programmed option bytes (user, read/write protection) are loaded after a system reset.
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Tab 3.6-2 Option byte organization

Address 31-24 23-16 15-8 7-0
O0x1FFF F800 nUSER USER nRDP RDP
Ox1FFF F804 nDatal Data1 nData0 Data0
O0x1FFF F808 NWRP1 WRP1 nWRPO WRPO
0x1FFF F80C nWRP3 WRP3 nWRP2 WRP2

Tab 3.6-3 Description of the option bytes

Flash address

Option bytes

Ox1FFF F800

Bits [31:24] nUSER
Bits [23:16] USER: User option byte (stored in FLASH_OBR[9:2])
This byte is used to configure the following features:
+ Select the watchdog event: Hardware or software.
* Reset event when entering Stop mode.
* Reset event when entering Standby mode.
Note: Only bits [16:18] are used, bits [23:19]: Ox1F are not used.
Bit 18: nRST_STDBY
0: Reset generated when entering Standby mode.
1: No reset generated.
Bit 17: nRST_STOP
0: Reset generated when entering Stop mode
1: No reset generated
Bit 16: WDG_SW
0: Hardware watchdog
1: Software watchdog
Bits [15:8]: nRDP
Bits [7:0]: RDP: Read protection option byte
The read protection helps the user protect the software code stored in Flash mem-
ory. It is activated by setting the RDP option byte.
When this option byte is programmed to a correct value (RDPRT key = 0x00A5),
read access to the Flash memory is allowed.
(The result of RDP level enabled/disabled is stored in FLASH_OBR[1].)

0x1FFF F804

Datax: Two bytes for user data storage.

These addresses can be programmed using the option byte programming proce-
dure.

Bits [31:24]: nData1

Bits [23:16]: Data1 (stored in FLASH_OBR[25:18])

Bits [15:8]: nData0

Bits [7:0]: DataO (stored in FLASH_OBR[17:10])
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(continue)
Flash address Option bytes
Ox1FFF F808 WRPx: Flash memory write protection option bytes

Bits [31:24]: nWRP1

Bits [23:16]: WRP1 (stored in FLASH_WRPR[15:8])
Bits [15:8]: nWRPO

Bits [7:0]: WRPO (stored in FLASH_WRPR[7:0])

Ox1FFF F80C WRPx: Flash memory write protection option bytes
Bits [31:24]: nWRP3

Bits [23:16]: WRP3 (stored in FLASH_WRPR[31:24])
Bits [15:8]: nWRP2

Bits [7:0]: WRP2 (stored in FLASH_WRPR[23:16])

one bit of the user option bytes WRPx is used to protect 2 pages of 1 Kbytes in
main memory block. However, the bit 7 of WRP3 write protects pages 62 to 255.
+ 0: Write protection active
* 1: Write protection not active
In total, four user option bytes are used to protect the 512-Kbyte main Flash mem-
ory.
WRPO: Write-protects pages 0 to 15.
WRP1: Write-protects pages 16 to 31.
WRP2: Write-protects pages 32 to 47.
WRP3: bits 0-6 write-protect pages 48 to 61
bit 7 write-protects pages 62 to 255.

On every system reset, the option byte loader (OBL) reads the information block and stores the data
into the Option byte register (FLASH_OBR) and the Write protection register (FLASH_WRPR). Each op-
tion byte also has its complement in the information block. During option loading, by verifying the
option bit and its complement, it is possible to check that the loading has correctly taken place. If
this is not the case, an option byte error (OPTERR) is generated. When a comparison error occurs the
corresponding option byte is forced to OxFF. The comparator is disabled when the option byte and its
complement are both equal to OxFF (Electrical Erase state).

All option bytes (but not their complements) are available to configure the product. The option regis-
ters are accessible in read mode by the CPU. See Tab 3.7-1 descriptions for more details.
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3.7 Flash register

Tab 3.7-1 Flash map
Offset | Register Reset value Description
FLASH_BA = 0x4002_2000
0x00 FLASH_ACR 0x0000_0030 Flash access control register
0x04 FLASH_KEYR XXXX XXXX FPEC key register
0x08 FLASH_OPTKEYR XXXX XXXX Flash OPTKEY register
0x0C FLASH_SR 0x0000_0000 Flash status register
0x10 FLASH_CR 0x0000_0080 Flash control register
0x14 FLASH_AR 0x0000_0000 Flash address register
0x1C FLASH_OBR Ox03FF_FFFC Option byte register
0x20 FLASH_WRPR OXFFFF_FFFF Write protection register

3.7.1 Flash access control register(FLASH_ACR)

Register | Address offset | Access | Reset value | Description
FLASH_ACR 0x00 RW 0x0000_0030 | Flash access control register
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Reserved
7 | 6 5 4 | 3 2 | 1 | 0
Reserved Reserved Reserved LATENCY
Flash access control register (FLASH_ACR)bit description
Bit Access | Description
[31:6] R Reserved,must be kept at reset value
[5] R Reserved
[4:3] RW Reserved
[2:0] RW LATENCY: Latency
These bits represent the ratio of the SYSCLK (system clock) period to the Flash access time.
0 wait state, if 0 < SYSCLK < 48 MHz
1 wait state, if 48 MHz < SYSCLK < 96 MHz

3.7.2 FPEC key register(FLASH_KEYR)

Note: These bits are all write-only and will return a 0 when read.

Register

Address offset

Access

Reset value

Description

FLASH_KEYR

0x04

W XXXX XXXX

FPEC key register
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31 | 30 | 29 | 28 | 27 26 | 25 | 24
FKEYR[31:24]
23 | 22 | 21 | 20 | 19 18 | 17 | 16
FKEYR[23:16]
15 | 14 | 13 | 12 | 11 10 | 9 | 8
FKEYR[15:8]
7 | 6 | 5 | 4 | 3 2 | 1 | 0
FKEYR[7:0]
FPEC key register(FLASH_KEYR)bit description
Bit Access | Description
[31:0] W FKEYR[31:0]: FPEC key
These bits represent the keys to unlock the FPEC
3.7.3 Flash OPTKEY register(FLASH_OPTKEYR)
Note: These bits are all write-only and will return a 0 when read.
Register Address offset | Access | Reset value | Description
FLASH_OPTKEYR 0x08 W XXXX XXXX Flash OPTKEY register
31 | 30 | 29 | 28 | 27 26 | 25 | 24
OPTKEYR[31:24]
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
OPTKEYR[23:16]
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
OPTKEYR[15:8]
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
OPTKEYR[7:0]
Flash OPTKEY register(FLASH_OPTKEYR)bit description
Bit Access | Description
[31:0] W OPTKEYR[31:0]: Option byte key
These bits represent the keys to unlock the OPTWRE.
3.7.4 Flash status register(FLASH_SR)
Register | Address offset | Access | Reset value | Description
FLASH_SR 0x0C RW 0x0000_0000 | Flash status register
V.o :
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31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14| 13 | 12 | 11 | 10 | 9 | 8
Reserved
7 | 6 5 4 3 2 1 0
Reserved EOP WRPRTERR Reserved PGERR Reserved BSY
Flash status register(FLASH_SR)bit description
Bit Access | Description
[31:6] R Reserved, must be kept cleared
[5] RW EOP: End of operation
Set by hardware when a Flash operation (programming / erase) is completed. Reset by
writing a 1
Note: EOP is asserted at the end of each successful program or erase operation
[4] RW WRPRTERR: Write protection error
Set by hardware when programming a write-protected address of the Flash memory. Reset
by writing 1.
[3] R Reserved, must be kept cleared
[2] RW PGERR: Programming error
Set by hardware when an address to be programmed contains a value different from
'OXFFFF’ before programming.
Reset by writing 1.
Note: The STRT bit in the FLASH_CR register should be reset before starting a programming
operation.
[1] R Reserved, must be kept cleared
[0] R BSY: Busy
This indicates that a Flash operation is in progress. This is set on the beginning of a Flash
operation and reset when the operation finishes or when an error occurs.

3.7.5 Flash control register(FLASH_CR)

Register | Address offset | Access | Resetvalue | Description
FLASH_CR 0x10 RW 0x0000_0080 | Flash control register
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 12 11 10 9 8
Reserved EOPIE Reserved ERRIE OPTWRE Reserved
7 6 5 4 3 2 1 0
LOCK STRT OPTER OPTPG Reserved MER PER PG
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Flash control register(FLASH_CR)bit description

Bit Access | Description
[31:13] R Reserved, must be kept cleared.
[12] RW EOPIE: End of operation interrupt enable
This bit enables the interrupt generation when the EOP bit in the FLASH_SR register goes
to 1.

0: Interrupt generation disabled
1: Interrupt generation enabled

[11] R Reserved, must be kept cleared.

[10] RW ERRIE: Error interrupt enable

This bit enables the interrupt generation on an FPEC error (when PGERR / WRPRTERR are
set in the FLASH_SR register).

0: Interrupt generation disabled

1: Interrupt generation enabled

[9] RW OPTWRE: Option bytes write enable

When set, the option bytes can be programmed. This bit is set on writing the correct key
sequence to the FLASH_OPTKEYR register.

This bit can be reset by software

[8] R Reserved, must be kept cleared

[71 RW LOCK: Lock

Write to 1 only. When it is set, it indicates that the FPEC and FLASH_CR are locked. This bit
is reset by hardware after detecting the unlock sequence.

In the event of unsuccessful unlock operation, this bit remains set until the next reset.

[6] RW STRT: Start

This bit triggers an ERASE operation when set. This bit is set only by software and reset
when the BSY bit is reset.

[5] RW OPTER: Option byte erase
Option byte erase chosen.
[4] RW OPTPG: Option byte programming
Option byte programming chosen.
[3] R Reserved, must be kept cleared.
[2] RW MER: Mass erase
Erase of all user pages chosen.
[1] RW PER: Page erase
Page Erase chosen.
[0] RW PG: Programming

Flash programming chosen.

3.7.6 Flash address register(FLASH_AR)

Note: Updated by hardware with the currently/last used address. For Page Erase operations, this should be updated by

software to indicate the chosen page.

Register | Address offset | Access | Resetvalue | Description
FLASH_AR 0x14 w 0x0000_0000 | Flash address register

Va0
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31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
FAR[31:24]

23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
FAR[23:16]

15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
FAR[15:8]

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0

FAR[7:0]
Flash address register(FLASH_AR)bit description
Bit Access | Description
[31:0] w Flash Address

Chooses the address to program when programming is selected, or a page to erase when
Page Erase is selected.
Note: Write access to this register is blocked when the BSY bit in the FLASH_SR register is set.

3.7.7 Option byte register(FLASH_OBR)

Note: The reset value of this register depends on the value programmed in the option byte and the OPTERR bit reset value

depends on the comparison of the option byte and its complement during the option byte loading phase

Register Address offset | Access | Reset value | Description
FLASH_OBR 0x1C R Ox03FF_FFFC | Option byte register
31 | 30 | 29 | 28 | 27 | 26 25 | 24
Reserved Data1l
23 | 22 | 21 | 20 | 19 | 18 17 | 16
Data1 Data0
15 | 14 | 13 | 12 | 11 | 10 9 | 8
Data0 Not used
7 | 6 | 5 4 3 2 1 0
Not used NRST_STDBY | nRST_STOP WDG_SW RDPRT OPTERR
Option byte register(FLASH_OBR)bit description
Bit Access | Description
[31:26] R Reserved, must be kept cleared.
[25:18] R Data1: Data1 is stored in the Flash option byte area
[17:10] R Data0: Data0 is stored in the Flash option byte area
[9:5] R USER: User option bytes
This contains the user option byte loaded by the OBL.
Bits [9:5]: Not used (if these bits are written in the Flash option byte, they will be read in this
register with no effect on the device.)
Bit 4: nRST_STDBY
Bit 3: nRST_STOP
Bit 2: WDG_SW
[1] R RDPRT: Read protection

When set, this indicates that the Flash memory is read-protected.
Note: This bit is read-only

Z Y *megawin
| & &g

make you win

DocID 2157012 Rev 2.4 28/639



3 FLASH MG32F157xx Reference Manual

[0] R OPTERR: Option byte error

When set, this indicates that the loaded option byte and its complement do not match. The
corresponding byte and its complement are read as OxFF in the FLASH_OBR or FLASH_WRPR
register.

Note: This bit is read-only.

3.7.8 Write protection register(FLASH_WRPR)

Register Address offset | Access | Reset value | Description

FLASH_WRPR 0x20 R OxFFFF_FFFF | Write protection register

31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
WRP

23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
WRP

15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
WRP

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
WRP

Write protection register(FLASH_WRPR)bit description
Bit Access | Description
[31:0] R WRP: Write protect
This register contains the write-protection option bytes loaded by the OBL.
0: Write protection active
1: Write protection not active

Note: These bits are read-only.
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4 Cyclic Redundancy Check (CRC)
4.1 CRCintroduction

The CRC (cyclic redundancy check) calculation unit is used to get a CRC code from a 32-bit data word
and a fixed generator polynomial.

Among other applications, CRC-based techniques are used to verify data transmission or storage in-
tegrity. In the scope of the EN/IEC 60335-1 standard, they offer a means of verifying the Flash memory
integrity. The CRC calculation unit helps compute a signature of the software during runtime, to be
compared with a reference signature generated at link- time and stored at a given memory location.

4.2 CRC main features

+ Uses CRC-32 (Ethernet) polynomial: 0x4C11DB7
= X3 4 X2 4 XB 4 X2 4 X1 X124 X 4 X0 X+ X7+ X+ X2+ X+ 1
+ Single input/output 32-bit data register
* CRC computation done in 4 AHB clock cycles (HCLK)
+ General-purpose 8-bit register (can be used for temporary storage)

Fig 4.2-1 CRC block diagram

AHB bus

A
32-bit (read access)

Data register (output)

CRC computation (polynomial: 0x4C11DB7)

32bit (write access)

Data register (input)

4.3 CRC functional description

The CRC calculation unit mainly consists of a single 32-bit data register, which:

* isused as aninput register to enter new data in the CRC calculator (when writing into the register)
* holds the result of the previous CRC calculation (when reading the register)

Each write operation into the data register creates a combination of the previous CRC value and the
new one (CRC computation is done on the whole 32-bit data word, and not byte per byte).

The write operation is stalled until the end of the CRC computation, thus allowing back-to- back write
accesses or consecutive write and read accesses.
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The CRC calculator can be reset to OxFFFF FFFF with the RESET control bit in the CRC_CR register. This
operation does not affect the contents of the CRC_IDR register.
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4.4 CRC Registers

Tab 4.4-1

CRC registers map

offset | Register

Reset value

Description

CRC: CRC_BA = 0x4002_3000

0x00 CRC_DR OxFFFF_FFFF CRC Data register
0x04 CRC_IDR OXFFFF_FFFF CRC Independent data register
0x08 CRC_CR OxXFFFF_FFFF CRC Control register

4.41 CRC Data register(CRC_DR)

Register | Address offset | Access | Reset value | Description
CRC_DR 0x00 RW OxFFFF_FFFF | CRC Data register
31 | 30 | 29 | 28 | 27 | 26 | 25 24
DR[31:24]
23 | 22 | 21 | 20 | 19 | 18 | 17 16
DR[23:16]
15 | 14 | 13 | 12 | 11 | 10 | 9 8
DR[15:8]
7 | 6 | 5 | 4 | 3 | 2 | 1 0
DR[7:0]
CRC Data register(CRC_DR)bit description
Bit Access | Description
[31:0] RW DR[31:0]: Data register bits

Used as an input register when writing new data into the CRC calculator. Holds the previous

CRC calculation result when it is read

4.4.2 CRCIndependent data register(CRC_IDR)

Register | Address offset | Access | Reset value | Description
CRC_IDR 0x04 RW OxFFFF_FFFF | CRCIndependent data register
31 | 30 | 29 | 28 | 27 | 26 | 25 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 16
Reserved
15 | 14 | 13 | 12 | 11 | 10 | 9 8
Reserved
7 | 6 | 5 | 4 | 3 | 2 | 1 0
IDR[7:0]
CRC Independent data register(CRC_IDR)bit description
Bit Access | Description
[31:8] R Reserved, must be kept at reset value.
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[7:0] RW IDR[7:0]: General-purpose 8-bit data register bits
Can be used as a temporary storage location for one byte. This register is not affected by
CRC resets generated by the RESET bit in the CRC_CR register.

Note: This register does not participate in CRC calculations and can hold any data.

4.4.3 CRC Control register(CRC_CR)

Register | Address offset | Access | Reset value | Description

CRC_CR 0x08 w OXFFFF_FFFF | CRC Control register

31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved

23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved

15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Reserved

7 | 6 | 5 | 4 | 3 | 2 | 1 0

Reserved RESET

CRC Control register(CRC_CR)bit description

Bit Access | Description
[31:1] - Reserved, must be kept at reset value.
[0] w RESET: RESET bit

Resets the CRC calculation unit and sets the data register to OxFFFF_FFFF. This bit can only
be set, it is automatically cleared by hardware.
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5 Power control(PWR)
5.1 Power supplies

MG32F157xx requires a 2.0-to-3.6 V operating voltage supply (VDD ). An embedded regulator is used to
supply the internal 1.8 V digital power. The real-time clock (RTC) and backup registers can be powered
from the VBAT voltage when the main V DD supply is powered off.

Fig 5.1-1 Power supply overview

Vppa domain

V :
(Vssa) Vrer- A/D converter
(from 2.4 V up to Vppa)VRrer+ [I——— 1 D/A converter
Temp. sensor
(Vpp) Vopa [F—— E{Eﬁet block
(Vss) Vssa [F——
Vpp domain 1.8 V domain
I/O Rin
Vgs b "9 Core
Standby circuitry Memories
Vop [ (Wakeup logic, digital
IWDG) peripherals
| Voltage Regulator |

Low voltage detector

l Backup domain

LSE crystal 32K osc
BKP registers

RCC BDCR register
RTC

VBaT [ ™>—r

1. Vppa and Vgga must be connected to Vpp and Vgg, respectively.

5.1.1 Independent A/D and D/A converter supply and reference voltage

To improve conversion accuracy, the ADC and the DAC have an independent power supply which can
be separately filtered and shielded from noise on the PCB.

+ The ADC and DAC voltage supply input is available on a separate VDDA pin.
* An isolated supply ground connection is provided on pin VSSA .
* VREF+/ VREF- reference voltage pin

When available (according to package), VREF- must be tied to VSSA .

On 100-pin:
To ensure a better accuracy on low-voltage inputs and outputs, the user can connect a separate ex-
ternal reference voltage on VREF+ . VREF+ is the highest voltage, represented by the full scale value,
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for an analog input (ADC) or output (DAC) signal. The voltage on VREF+ can range from 2.4V to VDDA.

On 64-pin packages:
The VREF+ and VREF- pins are not available, they are internally connected to the ADC voltage supply
(VDDA ) and ground (VSSA).

5.1.2 Battery backup domain

To retain the content of the Backup registers and supply the RTC function when VDD is turned off,
VBAT pin can be connected to an optional standby voltage supplied by a battery or by another source.
The VBAT pins power the RTC unit, the LSE oscillator and the PC13 to PC15 IOs, allowing the RTC to
operate even when the main power supply (VDD) is turned off. The switch of the VBAT power supply
is controlled by the power-off reset function embedded in the reset module.

Note:

* During tRSTTEMPO (temporization at VDD startup) or after a PDR is detected, the power switch between VBAT and VDD
remains connected to VBAT .

+ During the startup phase, if VDD is established in less than tRSTTEMPO (Refer to the datasheet for the value of t RST-
TEMPO ) and VDD > VBAT + 0.6 V, a current may be injected into V BAT through an internal diode connected between
VDD and the power switch (VBAT).

« Ifthe power supply/battery connected to the VBAT pin cannot support this current injection, it is strongly recommended
to connect an external low-drop diode between this power supply and the VBAT pin.

If external batteries are not used in the application, itis recommended to use a 100 nF external ceramic
decoupling capacitor to connect the VBAT external to the VDD.

When the backup domain is provided by a VDD (to which the analog switch is connected), the following
functions are available:

* PC14 and PC15 can be used as either GPIO or LSE pins
* PC13 can be used as GPIO, TAMPER pin, RTC Calibration Clock, RTC Alarm or second output
BKP_RTCCR

Note: Due to the fact that the switch only sinks a limited amount of current (3 mA), the use of GPIOs PC13 to PC15 in output
mode is restricted: the speed has to be limited to 2 MHz with a maximum load of 30 pF and these I0s must not be used as a
current source (e.g. to drive a LED). When the backup domain is supplied by VBAT (analog switch connected
to VBAT ), the following functions are available:

* PC14 and PC15 can be used as LSE pins only
* PC13 can be used as TAMPER pin

5.1.3 Voltage regulator(LDO)

The voltage regulator is always enabled after Reset. It works in three different modes depending on
the application modes.

+ In Run mode, the regulator supplies full power to the 1.8 V domain (core, memories and digital
peripherals).

+ In Stop mode the regulator supplies low-power to the 1.8 V domain, preserving contents of reg-
isters and SRAM

+ In Standby Mode, the regulator is powered off. The contents of the registers and SRAM are lost
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except for the Standby circuitry and the Backup Domain.

5.2 Power supply supervisor
5.2.1 Power on reset (POR)/power down reset (PDR)

MG32F157xx has an integrated POR/PDR circuitry that allows proper operation starting from/down
to 2 V. MG32F157xx remains in Reset mode when VDD /VDDA is below a specified threshold, Vpor
/Vppr, Without the need for an external reset circuit.

Fig 5.2-1 Power on reset/power down reset waveform

VDD/VDDA
VPOR/PDR POR;
risingedge [ 777 T T T AT TR TR T T T T T NTTTTTTTTTTTTT
40mV hystersis
VPOR/POR | /[ . ' v o NFPUR
falling edge

Temporization

: tRSTTE MPO

Reset |

5.2.2 Programmable voltage detector(PVD)

The PVD can be used to monitor the VDD /VDDA power supply by comparing it to a threshold selected
by the PLS[2:0] bits in the Power control register(PWR_CR)

The PVD is enabled by setting the PVDE bit.

A PVDO flag is available, in the Power control/status register (PWR_CSR), to indicate if VDD /VDDA
is higher or lower than the PVD threshold. This event is internally connected to the EXTI line16 and
can generate an interrupt if enabled through the EXTI registers. The PVD output interrupt can be
generated when VDD /VDDA drops below the PVD threshold and/or when VDD /VDDA rises above the
PVD threshold depending on EXTI line16 rising/falling edge configuration. As an example the service
routine could perform emergency shutdown tasks.
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Fig 5.2-2 PVD thresholds
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5.3 Low-power modes

By default, the microcontroller is in Run mode after a system or a power Reset. Several low- power
modes are available to save power when the CPU does not need to be kept running, for example when
waiting for an external event. It is up to the user to select the mode that gives the best compromise
between low-power consumption, short startup time and available wakeup sources.

three low-power modes:

+ Sleep mode (CPU clock off, all peripherals including Cortex™-M3 core peripherals like NVIC, Sy-
sTick, etc. are kept running)

+ Stop mode (all clocks are stopped)

+ Standby mode (1.2V domain powered-off)

In addition, the power consumption in Run mode can be reduce by one of the following means:

* Slowing down the system clocks
* Gating the clocks to the APB and AHB peripherals when they are unused.
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Tab 5.3-1 Low-power mode summary
Effect on
Effect on 1.8V do- . Voltage
Mode name | Entry Wakeup ] VDD domain
main clocks regulator
clocks
Sleep WFI Any interrupt CPU clock OFF,
. None ON
(Sleep now no effect on digital
or clocks or analog
WEFE
Sleep-on-exit) Wakeup event clock sources
PDDS and ON or in
LPDS bits + . . low-power
Stop | Any EXTI line(configured
SLEEPDEEP bit | . . mode
in the EXTI registers)
+ WFI/WFE (PWR_CR)
1.8v domain clocks HSI and HSE
WKUP  pin  rising | OFF oscillators
PDDS bit + | €dge or falling edge OFF
Standby SLEEPDEEP bit | (PWR.CR control  of OFF
WEL/WEE STBY_REDGE) . RTC
alarm. reset in NRST
pin. IWDG reset

5.3.1 Slowing down system clocks

In Run mode the speed of the system clocks (SYSCLK, HCLK, PCLK1, PCLK2) can be reduced by pro-
gramming the prescaler registers. These prescalers can also be used to slow down peripherals before
entering Sleep mode.For more details refer to RCC

5.3.2 Peripheral clock gating

In Run mode, the HCLK and PCLKXx for individual peripherals and memories can be stopped at any time
to reduce power consumption.To further reduce power consumption in Sleep mode the peripheral
clocks can be disabled prior to executing the WFI or WFE instructions.

Peripheral clock gating is controlled by the RCC_AHBENR, RCC_APB1ENR, RCC_APB2ENR

5.3.3 Sleep mode

Entering Sleep mode The Sleep mode is entered by executing the WFI (Wait For Interrupt) or WFE
(Wait for Event) instructions. Two options are available to select the Sleep mode entry mechanism,
depending on the SLEEPONEXIT bit in the Cortex™-M3 System Control register:

* Sleep-now: if the SLEEPONEXIT bit is cleared, the MCU enters Sleep mode as soon as WFI or WFE
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 Sleep mode, all I/0 pins keep the same state as in the Run mode.
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Exiting Sleep mode

If the WFI instruction is used to enter Sleep mode, any peripheral interrupt acknowledged by the
nested vectored interrupt controller (NVIC) can wake up the device from Sleep mode.

If the WFE instruction is used to enter Sleep mode, the MCU exits Sleep mode as soon as an event
occurs. The wakeup event can be generated either by:

« enabling an interrupt in the peripheral control register but not in the NVIC, and enabling the
SEVONPEND bit in the Cortex™-M3 System Control register. When the MCU resumes from WFE,
the peripheral interrupt pending bit and the peripheral NVIC IRQ channel pending bit (in the
NVIC interrupt clear pending register) have to be cleared.

« or configuring an external or internal EXTI line in event mode. When the CPU resumes from WFE,
it is not necessary to clear the peripheral interrupt pending bit or the NVIC IRQ channel pending
bit as the pending bit corresponding to the event line is not set. This mode offers the lowest
wakeup time as no time is wasted in interrupt entry/exit.

Tab 5.3-2 Sleep mode entry and exit

SLEEP-NOW
WFI (Wait for Interrupt) or WFE (Wait for Event) while:
-SLEEPDEEP = 0
-SLEEPONEXTI = 0
Refer to the Cortex-M3 System Control register.

Mode entry

If WFI was used for entry:
Interrupt: Refer to Section:10

If WFE was used for entry

Wakeup event: Refer to Section: 10

Mode exit

Wakeup latency None

SLEEP-ON-EXTI
WFI (wait for interrupt) while:
-SLEEPDEEP =0
-SLEEPONEXTI = 1
Refer to the Cortex-M3 System Control register.

Mode entry

Mode exit Interrupt: refer to Section: 10,

Wakeup latency None

5.3.4 Stop mode

The Stop mode is based on the Cortex™-M3 deepsleep mode combined with peripheral clock gating.
The voltage regulator can be configured either in normal or low-power mode. In Stop mode, all clocks
in the 1.2 V domain are stopped, the PLL, the HSI and the HSE RC oscillators are disabled. SRAM and
register contents are preserved.

In the Stop mode, all I/0 pins keep the same state as in the Run mode,
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Entering Stop mode

To further reduce power consumption in Stop mode, the internal voltage regulator can be putin low-
power mode. This is configured by the LPDS bit of the Power control register(PWR_CR).

If Flash memory programming is ongoing, the Stop mode entry is delayed until the memory access
is finished.

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

In Stop mode, the following features can be selected by programming individual control bits:

+ Independent watchdog (IWDG): the IWDG is started by writing to its Key register or by hardware
option. Once started it cannot be stopped except by a Reset (IWDG )
* Real-time clock (RTC): this is configured by the RCC_BDCR
 Internal RC oscillator (LSI RC):
1. RCC_CSR_LSION
2. PWR_STBY LSION
« External 32.768 kHz oscillator (LSE OSC): this is configured by the LSEON bit in the RCC_BDCR.

The ADC or DAC can also consume power during the Stop mode, unless they are disabled before
entering it. To disable them, the ADON bit in the ADC_CR2 register and the ENXx bit in the DAC_CR
register must both be written to 0.

Note: If the application needs to disable the external clock before entering Stop mode, the HSEON bit must first be disabled
and the system clock switched to HSI. Otherwise, if the HSEON bit remains enabled and the external clock (external oscillator)
is removed when entering Stop mode, the clock security system (CSS) feature must be enabled to detect any external oscillator

failure and avoid a malfunction behavior when entering stop mode.

Exiting Stop mode

When exiting Stop mode by issuing an interrupt or a wakeup event, the HSI RC 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 requlator ON during Stop mode, the consumption
is higher although the startup time is reduced.
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Tab 5.3-3 Stop mode entry and exit

Stop mode

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

+ Set SLEEPDEEP bit in Cortex-M3 System Control register

* The PDDS bit of the PWR_CR configuration register is 0

+ Clear WUF bit in Power Control register (PWR_CR)

+ Select the voltage regulator mode by configuring LPDS bit in PWR_CR
Note: 7o enter Stop mode, all EXTI Line pending bits (in Pending register (EXTL_PR)), all pe-
ripheral interrupt pending bits, and RTC Alarm flag must be reset. Otherwise, the Stop mode
entry procedure is ignored and program execution continues.

Mode entry

(1)If WFI was used for entry:

Any EXTI Line configured in Interrupt mode (the corresponding EXTI Interrupt vector
Mode exit must be enabled in the NVIC).Refer toNVIC

(2)If WFE was used for entry:

Any EXTI Line configured in event mode. Refer toNVIC

Wakeup latency | HSI RC wakeup time + regulator wakeup time from Low-power mode

5.3.5 Standby mode

The Standby mode allows to achieve the lowest power consumption. It is based on the deepsleep
mode, with the voltage regulator disabled. The 1.2 V domain is consequently powered off. The PLL,
the HSI oscillator and the HSE oscillator are also switched off. SRAM and register contents are lost
except for registers in the Backup domain and Standby circuitry

Entering Standby mode

In Standby mode, the following features can be selected :

+ Independent watchdog (IWDG): the IWDG is started by writing to its Key register or by hardware
option. Once started it cannot be stopped except by a reset

+ Real-time clock (RTC): this is configured by the RTCEN bit in the Backup domain control register
(RCC_BDCR)

+ Internal RC oscillator (LSI RC): this is configured by the LSION bit in the Control/status register
(RCC_CSR).

+ External 32.768 kHz oscillator (LSE OSC): this is configured by the LSEON bit in the Backup domain
control register (RCC_BDCR)

Exiting Standby mode

The microcontroller exits the Standby mode when an external reset (NRST pin), an IWDG reset, ris-
ing/falling edge on the WKUP pin (selected by STBY_WKUP_EDGE of the PWR_STBY) or the rising
edge of an RTC alarm occurs . All registers are reset after wakeup from Standby except for PWR_CSR
and PWR_STBY. After waking up from Standby mode, program execution restarts in the same way
as after a Reset (boot pins sampling, vector reset is fetched, etc.). The SBF status flag in the Power
control/status register (PWR_CSR) indicates that the system is woken up from standby mode.
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Tab 5.3-4 Standby mode entry and exit

Standby mode
WFI (Wait for Interrupt) or WFE (Wait for Event) while:
-Set SLEEPDEEP in Cortex-M3 System Control register
Mode entry -Set PDDS bit in Power Control register (PWR_CR)
—Clear WUF bit in Power Control/Status register (PWR_CSR)
-No interrupt (for WFI) or event (for WFI) is pending
- WKUP pin rising edge
- RTC alarm event’ s rising edge
- External reset on NRST pin
- IWDG reset
Wakeup latency | Reset phase

Mode exit

I/0 states in Standby mode
In Standby mode, all I/0 pins are high impedance except:

* Reset pad (still available)
« TAMPER pins configured for intrusion prevention
+ WKUP pin enabled

Debug mode

By default, the debug connection is lost if the application puts the MCU in Stop or Standby mode
while the debug features are used. This is due to the fact that the Cortex™-M3 core is no longer
clocked. However, by setting some configuration bits in the DBGMCU_CR register, the software can
be debugged when using the low-power modes

5.3.6 Auto-wakeup from low-power mode(AWU)

The RTC can be used to wakeup the MCU from low-power mode without depending on an external
interrupt (Auto-wakeup mode). The RTC provides a programmable time base for waking up from
Stop or Standby mode at regular intervals. For this purpose, two of the three alternative RTC clock
sources can be selected by programming the RTCSEL[1:0] bits in the Backup domain control register
(RCC_BDCRY):

« Low-power 32.768 kHz external crystal oscillator (LSE OSC) :
This clock source provides a precise time base with very low-power consumption (less than 0.5pA
added consumption in typical conditions)

» Low-power internal RC Oscillator (LSIRC) :
This clock source has the advantage of saving the cost of the 32.768 kHz crystal. But the internal
RC oscillator will add a little power consumption

To wakeup from Stop mode with an RTC alarm event, it is necessary to

+ Configure the EXTI Line 17 to be sensitive to rising edge
+ Configure the RTC to generate the RTC alarm

To wakeup from Standby mode, there is no need to configure the EXTI Line 17
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5.4 Power control register

Tab 5.4-1

PWR register mapping table

Address
offset

Registers

Reset value

Description

PWR Base address: PWR_BA = 0x4000_7000

0x00 PWR_CR 0x0000_0000 PWR control register
0x04 PWR_CSR 0x0000_0000 PWR control/status register
0x08 PWR_STBY 0x0000_0000 | PWR standby control register
5.4.1 PWR control register(PWR_CR)
Register | Address offset | Access | Reset value | Description
PWR_CR 0x00 RW 0x0000_0000 | PWR control register
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 | 11 | 10 | 9 8
Reserved DBP
7 | 6 | 5 4 3 2 1 0
PLS[1:0] PVDE CSBF CWUF PDDS LPDS
PWR control register(PWR_CR)bit description
Bit Access | Description
[31:9] R Reserved
[8] RW DBP: Disable backup domain write protection
In reset state, the RTC and backup registers are protected against parasitic write access.
This bit must be set to enable write access to these registers.
0: Access to RTC and Backup registers disabled
1: Access to RTC and Backup registers enabled
Note: If the HSE divided by 128 is used as the RTC clock, this bit must remain set to 1.
[7:5] RW PLS[2:0]: PVD level selection
To select the voltage threshold detected by the Power Voltage Detector
000: 2.2V 001: 2.3V 010: 2.4V 011: 2.5V
100: 2.6V 101: 2.7V 110: 2.8V  111: 2.9V
[4] RW PVDE: Power voltage detector enable.
This bit is set and cleared by software.
0: PVD disabled
1: PVD enabled
[3] RC_W1 | CSBF: Clear standby flag.

This bit is always read as 0.
0: No effect
1: Clear the SBF Standby Flag (write).
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[2] RC W1 CWUF: Clear wakeup flag
This bit is always read as 0
0: No effect
1: Clear the WUF Wakeup Flag after 2 System clock cycles (write).
[1] RW PDDS: Power down deepsleep.
This bit is set and cleared by software. It works together with the LPDS bit
0: Enter Stop mode when the CPU enters Deepsleep. The regulator status depends on the
LPDS bit.
1: Enter Standby mode when the CPU enters Deepsleep
[0] RW LPDS: Low-power deepsleep.
This bit is set and cleared by software. It works together with the PDDS bit.(PDDS=0)
0: Voltage regulator on during Stop mode
1: Voltage regulator in low-power mode during Stop mode

5.4.2 PWR control/status register(PWR_CSR)

Note: Does not clear when awakened from standby mode

Register | Address offset | Access | Reset value | Description
PWR_CSR 0x04 R 0x0000_0000 | PWR control/status register
31 | 30 | 29 | 28 | 27z | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14| 13| 12| 11 | 10 | 9 8
Reserved EWUP
7 | 6 | 5 | 4 | 3 2 1 0
Reserved PVDO SBF WUF
PWR control/status register(PWR_CSR)bit description
Bit Access | Description
[31:9] R Reserved
[8] RW EWUP: Enable WKUP pin
This bit is set and cleared by software
0: WKUP pin is used for general purpose I/0. An event on the WKUP pin does not wakeup
the device from Standby mode
1: WKUP pin is used to wake up the CPU from standby mode (The rising or falling edge of
the WKUP pin wakes the system up from standby mode, STBY_WKUP_EDGE of PWR_STBY
selects rising edge or falling edge)
Note: This bit is reset by a system Reset
[7:3] R Reserved
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[2] R PVDO: PVD output
This bit is set and cleared by hardware. It is valid only if PVD is enabled by the PVDE bit.
0: VDD/VDDA is higher than the PVD threshold selected with the PLS[2:0] bits
1: VDD/VDDA is lower than the PVD threshold selected with the PLS[2:0] bits.
Note: The PVD is stopped by Standby mode. For this reason, this bit is equal to 0 after Standby
or reset until the PVDE bit is set
[1] R SBF: Standby flag
This bit is set by hardware and cleared only by a POR/PDR (power on reset/power down
reset) or by setting the CSBF bit in the PWR_CR
0: Device has not been in Standby mode
1: Device has been in Standby mode
[0] R WUF: Wakeup flag

This bit is set by hardware and cleared by hardware, by a system reset or by setting the
CWUF bit in the Power control register (PWR_CR)

0: No wakeup event occurred

1: A wakeup event was received from the WKUP pin or from the RTC alarm

Note: An additional wakeup event is detected if the WKUP pin is enabled (by setting the EWUP
bit) :

(1)PWR_STBY WKUP_EDGE = 0, The WKUP pin is already configured with EWUP at low power.
(2)PWR_STBY_WKUP_EDGE = 1, The WKUP pin is already configured with EWUP at high power

5.4.3 PWR standby control register(PWR_STBY)

Note: Does not clear when awakened from standby mode

Register | Address offset | Access | Reset value | Description
PWR_STBY 0x08 R 0x0000_0000 | PWR standby control register
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
EWUP
7 6 5 4 3 | 2 | 1 0
EWUP Reserved0 | STBY_WKUP_| STBY_LSION Reserved ReservedO
PWR standby control register(PWR_STBY)bit description
Bit Access | Description
[31:16] R [31:16]must be set to 0x5a69, [15:0] configuration is valid.
£ 2 megawin Doc ID 2157012 Rev 2.4 45/639

make you win



5 Power control(PWR) MG32F157xx Reference Manual

[15:7] R EWUP: WKUP pin enabled

This bit is set and cleared by the software

0: The WKUP pin is general I/0. Events on the WKUP pin do not wake up the device from
standby mode

1: The WKUP pin is used to wake up from standby mode and force entry into the input drop-
down configuration, (the rising edge of the WKUP pin wakes up the system from standby

mode)

Note: The bit is reset by the system reset
[6] RW Reserved: The value must be set to 0
[5] R STBY_WKUP_EDGE: PAO wake up control:

0:Falling edge awakening
1:Rising edge awakening

[4] RW STBY_LSION: LSI control:
0:0FF
1:0N
[3:1] R Reserved
[0] RW Reserved: The value must be set to 0
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6 Backup registers(BKP)
6.1 BKP introduction

The backup registers are forty two 16-bit registers for storing 84 bytes of user application data.They
are implemented in the backup domain that remains powered on by V BAT when the VDD power is
switched off. They are not reset when the device wakes up from Standby mode or by a system reset or
power reset.In addition, the BKP control registers are used to manage the Tamper detection feature
and RTC calibration.

After reset, access to the Backup registers and RTC is disabled and the Backup domain (BKP) is pro-
tected against possible parasitic write access. To enable access to the Backup registers and the RTC,
proceed as follows:

+ enable the power and backup interface clocks by setting the PWREN and BKPEN bits in the
RCC_APB1ENR register

+ set the DBP bit the Power Control Register (PWR_CR) to enable access to the Backup registers
and RTC.

6.2 BKP main features

+ 84-byte data registers

+ Status/control register for managing tamper detection with interrupt capability

+ Calibration register for storing the RTC calibration value

+ Possibility to output the RTC Calibration Clock, RTC Alarm pulse or Second pulse on TAMPER pin
PC13 (when this pin is not used for tamper detection)

6.3 BKP functional description
6.3.1 Tamper detection

The TAMPER pin generates a Tamper detection event when the pin changes from 0 to 1 or from 1 to
0 depending on the TPAL bit in the Backup control register (BKP_CR). A tamper detection event resets
all data backup registers. However to avoid losing Tamper events, the signal used for edge detection
is logically ANDed with the Tamper enable in order to detect a Tamper event in case it occurs before
the TAMPER pin is enabled

« TPAL=0 :Ifthe TAMPER pinis already high before itis enabled, an extra Tamper event is detected
as soon as the TAMPER pin is enabled (while there was no rising edge on the TAMPER pin after
TPE was set)

« TPAL =1 : If the TAMPER pin is already low before it is enabled (by setting the TPE bit), an extra
Tamper event is detected as soon as the TAMPER pin is enabled (while there was no falling edge
on the TAMPER pin after TPE was set)

By setting the TPIE bit in the BKP_CSR register, an interrupt is generated when a Tamper detection
event occurs.
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After a Tamper event has been detected and cleared, the TAMPER pin should be disabled and then
re-enabled with TPE before writing to the backup data registers (BKP_DRx) again. This prevents soft-
ware from writing to the backup data registers (BKP_DRx), while the TAMPER pin value still indicates
a Tamper detection. This is equivalent to a level detection on the TAMPER pin.

Note: Tamper detection is still active when VDD power is switched off. To avoid unwanted resetting of the data backup

registers, the TAMPER pin should be externally tied to the correct level.

6.4 RTC calibration

For measurement purposes, the RTC clock with a frequency divided by 64 can be output on the TAM-
PER pin. This is enabled by setting the CCO bit in the RTC clock calibration register (BKP_RTCCR). The
clock can be slowed down by up to 121 ppm by configuring CAL[6:0] bits.
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6.5 BKP registers

Tab 6.5-1

BKP register map

Address
offset

Register

Reset value

Description

BKP base address: BKP_BA = 0x4000_6C00

0x04~0x28 | b DRy 0x0000_0000 | Backup data register x (x = 1~42)
0x40 ~ 0xBC

0x2C BKP_RTCCR 0x0000_0000 RTC clock calibration register
0x30 BKP_CR 0x0000_0000 | Backup control register

0x34 BKP_CSR 0x0000_0000 | Backup control/status register

6.5.1 Backup data register x (BKP_DRx)(x=1..42)

These bits can be written with user data

Note: The BKP_DRx registers are not reset by a System reset or Power reset or when the device
wakes up from Standby mode. They are reset by a Backup Domain reset or by a TAMPER pin event
(if the TAMPER pin function is activated).

Register Address offset Access | Resetvalue | Description
BKP_DRx | 0x04 - 0x28, 0x40 - 0xBC RW 0x0000_0000 | Backup data register x (x = 1..42)
31 30 | 29 | 28 27 | 26 | 25 | 24
Reserved
23 22 | 21 | 20 19 | 18 | 17 | 16
Reserved
15 14 | 13 | 12 11 | 10 | 9 | 8
Data[15:8]
7 6 | 5 | 4 3 | 2 | 1 | 0
Data[7:0]
Backup data register x (BKP_DRx)bit description
Bit Access | Description
[31:16] R Reserved
[15:0] RW Data[15:0]: Backup data

6.5.2 RTC clock calibration register (BKP_RTCCR)

Register

Address offset

Access

Reset value

Description

BKP_RTCCR

0x2C

RW

0x0000_0000

RTC clock calibration register
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31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 | 11 | 10 9 8
Reserved ASOS ASOE
7 6 | 5 | 4 | 3 | 2 1 0
Ccco CAL[6:0]
RTC clock calibration register (BKP_RTCCR)bit description
Bit Access | Description
[31:10] - Reserved,must be kept at reset value.
[9] RW ASOS: Alarm or second output selection
When the ASOE bit is set, the ASOS bit can be used to select whether the signal output on
the TAMPER pin is the RTC Second pulse signal or the Alarm pulse signal:
0: RTC Alarm pulse output selected
1: RTC Second pulse output selected
Note: This bit is reset only by a Backup domain reset.
[8] RW ASOE: Alarm or second output enable
Setting this bit outputs either the RTC Alarm pulse signal or the Second pulse signal on the
TAMPER pin depending on the ASOS bit.
The output pulse duration is one RTC clock period. The TAMPER pin must not be enabled
while the ASOE bit is set.
Note: This bit is reset only by a Backup domain reset
[7] RW CCO: Calibration clock output
0: No effect
1: Setting this bit outputs the RTC clock with a frequency divided by 64 on the TAMPER pin.
The TAMPER pin must not be enabled while the CCO bit is set in order to avoid unwanted
Tamper detection
Note: This bit is reset when the VDD supply is powered off
[6:0] RW CAL6:0: Calibration value
This value indicates the number of clock pulses that will be ignored every 22° clock pulses.
This allows the calibration of the RTC, slowing down the clock by steps of 1000000/2%° PPM
The clock of the RTC can be slowed down from 0 to 121PPM.

6.5.3 Backup control register(BKP_CR)

Register

Address offset

Access

Reset value

Description

BKP_CR

0x30

RW

0x0000_0000

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

Backup control register(BKP_CR)bit description

Bit Access | Description
[31:2] R Reserved
[1] RW TPAL: TAMPER pin active level
0: A high level on the TAMPER pin resets all data backup registers (if TPE bit is set)
1: A low level on the TAMPER pin resets all data backup registers (if TPE bit is set).
[0] RW TPE: TAMPER pin enable
0: The TAMPER pin is free for general purpose I/O
1: Tamper alternate I/0 function is activated

6.5.4 Backup control/status register(BKP_CSR)

Register | Address offset | Access | Reset value | Description
BKP_CSR 0x34 RW 0x0000_0000 | Backup control/status register
31 | 30 | 29 | 28 | 27 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 | 11 10 9 8
Reserved TIF TEF
7 | 6 | 5 | 4 | 3 2 1 0
Reserved TPIE CTI CTE
Backup control/status register(BKP_CSR)bit description
Bit Access | Description
[31:10] - Reserved, must be kept at reset value.
[9] R TIF: Tamper interrupt flag

is reset.

This bit is set by hardware when a Tamper event is detected and the TPIE bit is set. It is
cleared by writing 1 to the CTI bit (also clears the interrupt). It is also cleared if the TPIE bit

0: No Tamper interrupt
1: A Tamper interrupt occurred
Note: This bit is reset only by a system reset and wakeup from Standby mode.
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[8] R TEF: Tamper event flag
This bit is set by hardware when a Tamper event is detected. It is cleared by writing 1 to the
CTE bit.
0: No Tamper event
1: A Tamper event occurred
Note: A Tamper event resets all the BKP_DRx registers. They are held in reset as long as the TEF
bit is set. If a write to the BKP_DRx registers is performed while this bit is set, the value will not
be stored.

[7:3] R Reserved,must be kept at reset value

[2] RW TPIE: TAMPER pin interrupt enable
0: Tamper interrupt disabled
1: Tamper interrupt enabled (the TPE bit must also be set in the BKP_CR register)
Note: A Tamper interrupt does not wake up the core from low-power modes.
This bit is reset only by a system reset and wakeup from Standby mode.

[11 w CTI: Clear tamper interrupt
This bit is write only, and is always read as 0.
0: No effect
1: Clear the Tamper interrupt and the TIF Tamper interrupt flag.

[0] W CTE: Clear tamper event

This bit is write only, and is always read as 0.
0: No effect
1: Reset the TEF Tamper event flag (and the Tamper detector)
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7 Reset and clock controller(RCC)
7.1 Reset function description

There are three types of reset, defined as system reset, power reset and backup domain reset.

7.2 Reset
7.2.1 System reset

A system reset sets all registers to their reset values except the reset flags in the clock controller CSR
register and the registers in the Backup domain.
A system reset is generated when one of the following events occurs:

* Alow level on the NRST pin (external reset)

« Window watchdog end of count condition (WWDG reset)

+ Independent watchdog end of count condition (IWDG reset)
+ A software reset (SW reset)

* Low-power management reset

The reset source can be identified by checking the reset flags in the Control/Status register(RCC_CSR)

Software reset

Cortex™-M3 can perform a software reset by setting the SYSRESETREQ bit of the internal register to
1.

Low power reset

There are two ways to generate a low-power reset:

* Reset generated when entering Standby mode: By setting the nRST_STDBY bit in the flash user
byte option, the standby mode sequence can be reset after successful execution, and the standby
mode will exit when reset

+ Reset when entering Stop mode: By setting the nRST_STOP bit in the flash reset user byte option,
the stop mode can be reset after successful execution of the stop mode sequence, and the stop
mode will exit when reset
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Fig 7.2-1 Reset circuit block diagram
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7.2.2 Power reset

A power reset is generated when one of the following events occurs:

+ Power-on/power-down reset (POR/PDR reset)
* When exiting Standby mode

A power reset sets all registers to their reset values except the Backup domain

These sources act on the NRST pin and it is always kept low during the delay phase. The RESET service
routine vector is fixed at address 0x0000_0004 in the memory map.

The system reset signal provided to the device is output on the NRST pin. The pulse generator guar-
antees a minimum reset pulse duration of 20 ps for each reset source (external or internal reset). In
case of an external reset, the reset pulse is generated while the NRST pin is asserted low.

7.2.3 Backup domain reset

The backup domain has two specific resets that affect only the backup domain :

+ Software reset, triggered by setting the BDRST bit in the Backup domain control register
(RCC_BDCR).
« VDD or VBAT power on, if both supplies have previously been powered off.

7.3 Clocks

Three different clock sources can be used to drive the system clock (SYSCLK):

1. HSI oscillator clock
2. HSE oscillator clock
3. PLL clock

The devices have the following two secondary clock sources:

1. 40 kHz low speed internal RC (LSI RC), which drives the independent watchdog and optionally
the RTC used for Auto-wakeup from Stop/Standby mode.
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2. 32.768 kHz low speed external crystal (LSE crystal), which optionally drives the real-time clock
(RTCCLK)

Each clock source can be switched on or off independently when it is not used, to optimize power
consumption.

Fig 7.3-1 Clock tree
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Note: When the HSI is used as a PLL clock input, the maximum system clock frequency that can be achieved is 64 MHz.

Several prescalers allow the configuration of the AHB frequency, the high speed APB (APB2) and the
low speed APB (APB1) domains. The maximum frequency of the AHB and the APB2 domains is 96MHz.
The maximum allowed frequency of the APB1 domain is 96MHz. The SDIO AHB interface is clocked
with a fixed frequency equal to HCLK/2.

The RCC feeds the Cortex System Timer (SysTick) external clock with the AHB clock (HCLK) divided
by 8. The SysTick can work either with this clock or with the Cortex clock (HCLK), configurable in the
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SysTick Control and Status Register. The ADCs are clocked by the clock of the High Speed domain
(APB2) divided by 2, 4, 6 or 8.

The Flash memory programming interface clock (FLITFCLK) is always the HSI clock.
The timer clock frequencies are automatically fixed by hardware. There are two cases:

1. if the APB prescaler is 1, the timer clock frequencies are set to the same frequency as that of the
APB domain to which the timers are connected.

2. otherwise, they are set to twice (x2) the frequency of the APB domain to which the timers are
connected.

FCLK is the running clock source for Cortex™-M3

7.3.1 HSE clock

The high speed external clock signal (HSE) can be generated from two possible clock sources:

« HSE external crystal/ceramic resonator
« HSE user external clock

The resonator and the load capacitors have to be placed as close as possible to the oscillator pins in
order to minimize output distortion and startup stabilization time. The loading capacitance values
must be adjusted according to the selected oscillator

1. HSE external crystal/ceramic resonator
The 4 to 16 MHz external oscillator has the advantage of producing a very accurate rate on the
main clock. The HSERDY flag in the Clock control register (RCC_CR) indicates if the high-speed
external oscillator is stable or not.After each boot, the hardware will wait until HSERDY is high
before using the clock
An interrupt can be generated if enabled in the Clock interrupt register (RCC_CIR).
The HSE Crystal can be switched on and off using the HSEON bit in the Clock control register
(RCC_CR).

2. HSE user external clock
In this mode, an external clock source must be provided. It can have a frequency of up to 25
MHz.
Select this mode by setting the HSEBYP and HSEON bits in the Clock control register (RCC_CR).
The external clock signal (square, sine or triangle) with 50% duty cycle has to drive the OSC_IN
pin while the OSC_OUT pin should be left hi-z.
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Fig 7.3-2 HSE/ LSE clock sources
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7.3.2 HSIclock

The HSI clock signal is generated from an internal 8 MHz RC Oscillator and can be used directly as a
system clock or divided by 2 to be used as PLL input.

The HSI RC oscillator has the advantage of providing a clock source at low cost (no external compo-
nents). It also has a faster startup time than the HSE crystal oscillator however, even with calibration
the frequency is less accurate than an external crystal oscillator or ceramic resonator.

Calibration

RC oscillator frequencies can vary from one chip to another due to manufacturing process variations,
this is why each device is factory calibrated by ST for 1% accuracy at T = 25 °C

After reset, the factory calibration value is loaded in the HSICAL[7:0] bits in the Clock control register
(RCC_CR).

Ifthe applicationis subject to voltage or temperature variations this may affect the RC oscillator speed.
You can trim the HSI frequency in the application using the HSITRIM[4:0] bits in the Clock control
register (RCC_CR).

The HSIRDY flag in the Clock control register (RCC_CR) indicates if the HSI RC is stable or not. The
hardware does not use the clock until HSIRDY is high after each boot.

The HSI RC can be switched on and off using the HSION bit in the Clock control register(RCC_CR). The
HSI signal can also be used as a backup source (Auxiliary clock) if the HSE crystal oscillator fails
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7.3.3 PLL

The internal PLL can be used to multiply the HSI RC output or HSE crystal output clock frequency.
Refer to Clock control register (RCC_CR).

The PLL configuration (selection of HSI oscillator divided by 2 or HSE oscillator for PLL input clock, and
multiplication factor) must be done before enabling the PLL. Once the PLL enabled, these parameters
cannot be changed.

An interrupt can be generated when the PLL is ready if enabled in the Clock interrupt register
(RCC_CIR).

If the USB interface is used in the application, the PLL must be programmed to output 48 or 96 MHz.
This is needed to provide a 48 MHz USBCLK.

7.3.4 LSE clock

The source of the LSE clock is the same as that of the HSE clock, with two input sources:

1. 32.768 kHz Low Speed External crystal or ceramic resonator (LSE)
It has the advantage providing a low-power but highly accurate clock source to the real-time
clock peripheral (RTC) for clock/calendar or other timing functions. The LSE crystal is switched
on and off using the LSEON bit in Backup domain control register (RCC_BDCR).The LSERDY flag in
the Backup domain control register (RCC_BDCR) indicates if the LSE crystal is stable or not.After
each boot, the hardware will wait until the LSERDY is raised before using the clock. An interrupt
can be generated if enabled in the Clock interrupt register (RCC_CIR).

2. External source (LSE bypass)
In this mode, an external clock source must be provided. It can have a frequency of up to 1 MHz.
You select this mode by setting the LSEBYP and LSEON bits in the Backup domain control register
(RCC_BDCR). The external clock signal (square, sine or triangle) with 50% duty cycle has to drive
the OSC32_IN pin while the OSC32_OUT pin should be kept in a high resistance state.

7.3.5 LSIclock

The LSI RC acts as an low-power clock source that can be kept running in Stop and Standby mode for
the independent watchdog (IWDG) and Auto-wakeup unit (AWU). The clock frequency is around 40
kHz (between 30 kHz and 60 kHz)

The LSIRC can be switched on and off using the LSION bit in the Control/status register(RCC_CSR). The
LSIRDY flag in the Control/status register (RCC_CSR) indicates if the low-speed internal(LSI) oscillator
is stable or not.At startup, the clock is not released until this bit is set by hardware. An interrupt can
be generated if enabled in the Clock interrupt register(RCC_CIR).

LSI calibration

The frequency dispersion of the Low Speed Internal RC (LSI) oscillator can be calibrated to have accu-
rate RTC time base and/or IWDG timeout (when LSI is used as clock source for these peripherals) with
an acceptable accuracy.

This calibration is performed by measuring the LSI clock frequency with respect to TIM5 input clock
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(TIM5CLK). According to this measurement done at the precision of the HSE oscillator, the software
can adjust the programmable 20-bit prescaler of the RTC to get an accurate time base or can compute
accurate IWDG timeout.

Use the following procedure to calibrate the LSI:

1. Enable TIM5 timer and configure channel4 in input capture mode

2. Set the TIM5CH4_IREMAP bit in the AFIO_MAPR register to connect the LSI clock internally to TIM5 channel4
input capture for calibration purpose.

3. Measure the frequency of LSI clock using the TIM5 Capture/compare 4 event or interrupt,

4, Use the measured LSI frequency to update the 20-bit prescaler of the RTC depending on the desired time base
and/or to compute the IWDG timeout.

7.3.6 System clock (SYSCLK) selection

After a system reset, the HSI oscillator is selected as system clock. When a clock source is used directly
or through the PLL as system clock, it is not possible to stop it.

A switch from one clock source to another occurs only if the target clock source is ready (clock stable
after startup delay or PLL locked). If a clock source which is not yet ready is selected, the switch will
occur when the clock source will be ready. Status bits in the Clock control register (RCC_CR) indicate
which clock(s) is (are) ready and which clock is currently used as system clock.

7.3.7 Clock security system(CSS)

Clock Security System can be activated by software. In this case, the clock detector is enabled after
the HSE oscillator startup delay, and disabled when this oscillator is stopped. If a failure is detected
on the HSE clock, the HSE oscillator is automatically disabled, a clock failure event is sent to the break
input of the advanced-control timers (TIM1 and TIM8) and an interrupt is generated to inform the
software about the failure (Clock Security System Interrupt CSSI), allowing the MCU to perform rescue
operations. The CSSI is linked to the Cortex™-M3 NMI (Non-Maskable Interrupt) exception vector.
Note: Once the CSS 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 HSE oscillator is used directly or indirectly as the system clock (indirectly means: it is used as
PLL input clock, and the PLL clock is used as system clock), a detected failure causes a switch of the
system clock to the HSI oscillator and the disabling of the HSE oscillator. If the HSE clock (divided or
not) is the clock entry of the PLL used as system clock when the failure occurs, the PLL is disabled too.

7.3.8 RTCclock

The RTCCLK clock source can be either the HSE/128, LSE or LSI clocks. This is selected by program-
ming the RTCSEL[1:0] bits in the Backup domain control register (RCC_BDCR). This selection cannot be
modified without resetting the Backup domain.

The LSE clock is in the Backup domain, whereas the HSE and LSI clocks are not Consequently:

« If LSE is selected as RTC clock:The RTC continues to work even if the VDD supply is switched off,
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provided the VBAT supply is maintained.

« If LSE is selected as Auto-Wakeup unit (AWU) clock: The AWU state is not guaranteed if the VDD
supply is powered off.

« If the HSE clock divided by 128 is used as the RTC clock: If the VDD power is turned off or the
internal regulator is turned off (the 1.2V domain is turned off), you cannot wake up automatically
via the RTC

7.3.9 Watchdog clock

If the Independent watchdog (IWDG) is started by either hardware option or software access, the
LSI oscillator is forced ON and cannot be disabled. After the LSI oscillator temporization, the clock is
provided to the IWDG.

7.3.10 Clock output function(MCO)

To use the MCO clock output function, the MCO pins must be configured with the appropriate multi-
plexing function through the GPIO and AFIO modules.

You can program the MCO output clock source to select bit RCC_CFGR.MCO[2:0] and
select one of the following four clock sources as the output clock

*+ SYSCLK

+ HSI

« HSE

* PLL clock divided by 2
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7.4 RCCregisters

Tab 7.4-1

RCC register mapping

Address
offset

Register

Reset value

Description

RCC base address: RCC_BA = 0x4002_1000

0x00 RCC_CR 0x0020_XX83 Clock control register

0x04 RCC_CFGR 0x0000_0000 | Clock configuration register

0x08 RCC_CIR 0x0000_0000 | Clock interrupt register

0x0C RCC_APB2RSTR 0x0000_0000 | APB2 peripheral reset register

0x10 RCC_APB1RSTR 0x0000_0000 | APB1 peripheral reset register

0x14 RCC_AHBENR 0x0000_0014 | AHB peripheral clock enable register
0x18 RCC_APB2ENR 0x0000_0000 | APB2 peripheral clock enable register
0x1C RCC_APB1ENR 0x0000_0000 | APB1 peripheral clock enable register
0x20 RCC_BDCR 0x0000_0018 | Backup domain control register

0x24 RCC_CSR 0x0C00_0000 Control/status register
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7.4.1 Clock control register(RCC_CR)

Register | Address offset | Access | Resetvalue | Description
RCC_CR 0x00 RW 0x0020_XX83 | Clock control register
31 30 | 29 | 28 27 26 25 24
Reserved PLLRDY PLLON
23 22 | 21 | 20 19 18 17 16
Reserved HSE_DL[2:0] CSSON HSEBYP HSERDY HSEON
15 14 | 13 | 12 11 10 9 8
HSICAL[8:1]
7 6 | 5 | 4 3 2 1 0
HSICAL[O] HSITRIM[3:0] Reserved HSIRDY HSION
Clock control register(RCC_CR)bit description
Bit Access | Description
[31:26] R Reserved
[25] R PLLRDY: PLL clock ready flag
0: PLL unlocked
1: PLL locked
[24] RW PLLON: PLL enable
0: PLL OFF
1: PLLON
Software write 1, when the system clock is not PLL, software write O;
Note: When the PLL source is HSE, the hardware will automatically reset after HSE failure.
Hardware automatically reset when entering stop or standby mode
[23] R Reserved
[22:20] RW HSE_DL[2:0]: HSE gain control
[19] R Reserved
[18] RW HSEBYP: HSE passthrough enabled
0: HSE normal oscillating
1: Feed the clock directly only through IN
When HSEON is 0, the software can write 1 or 0
[171 R HSERDY: HSE stability is enabled
0: HSE instability
1: HSE stabilized;
[16] RW HSEON: HSE startup enable
0: Turn off the HSE clock
1: Start HSE clock
Software can write 1,Software can be written when the system clock is not HSE
Note: The hardware automatically cleans up after HSE failure; Hardware automatically reset
when entering stop or standby mode
[15:7] R HSICAL[8:0]: HSI calibration value; Automatically loaded from the flash memory area at
startup
[6:3] R HSITRIM[3:0]: HSI trimming value; Automatically loaded from the flash memory area at
startup
[2] R Reserved
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[11 R HSIRDY: HSI stable enabled;
0: HSI not stable ;
1: HSI stable;
[0] RW HSION: HSI startup enabled;
0: turn off HSI;
1: Start HST;
Software can write 1. If the system clock is not HSI, the software can write 0.
Note: The hardware automatically pulls up after the failure of HSE; The hardware automatically
pulls up when exiting the Stop or standby mode;

7.4.2 Clock configuration register(RCC_CFGR)

Register | Address offset | Access | Reset value | Description
RCC_CFGR 0x04 RW 0x0000_0000 | Clock configuration register
31 30 29 | 28 | 27 26 25 24
Reserved MCOI[2:0]
23 22 21 | 20 | 19 18 17 16
Reserved USBPRE PLLMUL[3:0] PLLXTPRE PLLSRC
15 14 13 | 12 | 11 10 9 8
ADCPRE[1:0] PPRE2[2:0] PPRE1[2:0]
7 6 5 | 4 3 2 1 0
HPRE[3:0] SWS[1:0] SWI1:0]

Clock configuration register(RCC_CFGR)bit description

Bit Access | Description
[31:27] R Reserved
[26:24] RW MCO[2:0]: Microcontroller clock output

0xx: No clock

100: System clock (SYSCLK) selected
101: HSI clock selected

110: HSE clock selected

111: PLL clock divided by 2 selected
[23] R Reserved

[22] RW USBPRE: USB clock prescaler

0: PLL clock is divided by 2

1: PLL clock is not divided

Note: Write 0 or 1 before USB clock is enabled in RCC_APBTENR register;
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[21:18]

RW

PLLMULI3:0]: PLL multiplication factor
You can write 1 or 0 when PLLON is 0; Note(M(®

0000: PLL input clock x 2
0010: PLL input clock x 4
0100: PLL input clock x 6
0110: PLL input clock x 8
1000: PLL input clock x 10
1010: PLL input clock x 12
1100: PLL input clock x 14
1110: PLL input clock x 16

0001: PLL input clock x 3
0011: PLL input clock x 5
0101: PLL input clock x 7
0111: PLL input clock x 9
1001: PLL input clock x 11
1011: PLL input clock x 13
1101: PLL input clock x 15
1111: PLL input clock x 16

Note: The PLL output frequency must not exceed 96 MHz

PLLXTPRE: PLL clock prescaler

You can write 1 or 0 when PLLON is 0;

0: Direct use of HSE

1: Use the HSE binary frequency results as the source

PLLSRC: PLL entry clock source

You can write 1 or 0 when PLLON is O;

0: Use the HSI binary frequency results as the source

1: Use the HSE or HSI binary frequency results as the source
ADCPRE[1:0]: ADC clock prescaler

ADC_CLK frequency configuration, ADC_CLK from the PCLK2 frequency division
00: PCLK2 divided by 2 acts as the ADC clock

01: PCLK2 divided by 4 acts as the ADC clock

10: PCLK2 divided by 6 acts as the ADC clock

11: PCLK2 divided by 8 acts as the ADC clock

PPRE2[2:0]: PCLK2 clock prescaler

PCLK2 frequency configuration, PCLK2 clock from HCLK frequency division
Oxx: HCLK not divided as PCLK2

100: HCLK divided by 2 as PCLK2

101: HCLK divided by 4 as PCLK2

110: HCLK divided by 8 as PCLK2

111: HCLK divided by 16 as PCLK2

PPRE1[2:0]: PCLK1 clock prescaler

PCLK1 frequency configuration, PCLK1 clock from HCLK frequency division
Oxx: HCLK not divided as PCLK1

100: HCLK divided by 2 as PCLK1

101: HCLK divided by 4 as PCLK1

110: HCLK divided by 8 as PCLK1

111: HCLK divided by 16 as PCLK1

[17] RW

[16] RW

[15:14] RW

[13:11] RW

[10:8] RW
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[7:4]

RW

HPRE[3:0]: HCLK clock prescaler
HCLK frequency configuration, HCLK clock from SYSCLK frequency division
0xxx: SYSCLK not divided as HCLK
1000: SYSCLK divided by 2 as HCLK
1001: SYSCLK divided by 4 as HCLK
1010: SYSCLK divided by 8 as HCLK
1011: SYSCLK divided by 16 as HCLK
1100: SYSCLK divided by 64 as HCLK
1101: SYSCLK divided by 128 as HCLK
1110: SYSCLK divided by 256 as HCLK
1111: SYSCLK divided by 512 as HCLK

[3:2]

SWS[1:0]: System clock switch status

The actual system clock selects the source and is updated by the hardware; If the SWS is
not updated after the SW is configured, the new clock is not locked or ready

00: HSI as the system clock

01: HSE as the system clock

10: PLL as the system clock

11: unavailable

[1:0]

RW

SWI[1:0]: System clock switch

These bits are written by software, Used to indicate the selection of the System clock
(SYSCLK) input source. The SWS[1:0] bit is read to determine whether the system clock
source is successfully switched.

00: HSI as the system clock

01: HSE as the system clock

10: PLL as the system clock

11: unavailable

Note: If the HSE, which directly or indirectly serves as the system clock, fails while returning
from stop or standby mode, the hardware automatically clears to 0

Note:

1. PLL output frequency shall not exceed 96MHz

2. The PLLMUL parameter of register RCC_CFGR is the multiplication factor of PLL, and PLLMUL also determines the PLL_KEY
parameter inside the PLL. Not all PLLMUL can be used for different input frequencies. The PLL input clock multiplied by
PLL_KEY is a valid PLLMUL configuration in the [64,320] range

Tab 7.4-4 PLLMUL and PLL_KEY

PLLMUL

0

2 3 4 5 6 7 8 9 10 (11 (12 |13 | 14 | 15

PLL_KEY

16

24 116 |20 |24 |14 |16 |18 |20 |22 |24 [ 13 |14 |15 |16 | 16

For example, if the input frequency is 8MHZ, the frequency multiplier you choose is 12 :
8*14 =112, 64 <112 <320, Therefore, the clock configuration is stable and effective
Another example: input frequency is 24MHZ, at this time you want to set the main frequency is 96MHZ, then need to

select 96/24 =4

We know this from the table PLL_KEY = 24, :
24*%24 = 576 > 320, Therefore, the configuration is incorrect.
Suggestion: When the input clock is 24MHZ, perform 2 frequency division (bit17 bits of RCC_CFGR) for 24MHZ first,
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and then select the frequency doubling factor

7.4.3 Clock interrupt register(RCC_CIR)

Register | Address offset | Access | Reset value | Description
RCC_CIR 0x08 RW 0x0000_0000 | Clock interrupt register
31 30 | 29 28 27 26 25 24
Reserved
23 22 ‘ 21 20 19 18 17 16
CSsC Reserved PLLRDYC HSERDYC HSIRDYC LSERDYC LSIRDYC
15 14| 13 12 11 10 9 8
Reserved PLLRDYIE HSERDYIE HSIRDYIE LSERDYIE LSIRDYIE
7 6 | 5 4 3 2 1 0
CSSF Reserved PLLRDYF HSERDYF HSIRDYF LSERDYF LSIRDYF
Clock interrupt register(RCC_CIR)bit description
Bit Access | Description
[31:24] R Reserved
[23] W CSSC: Clock security system interrupt clear
This bit is set by software to clear the CSSF flag.
0: No effect
1: Clear CSSF flag
[22:21] R Reserved
[20] W PLLRDYC: PLL ready interrupt clear
This bit is set by software to clear the PLLRDYF flag
0: No effect
1: PLLRDYF cleared
[19] W HSERDYC: HSE ready interrupt clear
This bit is set by software to clear the HSERDYF flag.
0: No effect
1: HSERDYF cleared
[18] W HSIRDYC: HSI ready interrupt clear
This bit is set by software to clear the HSIRDYF flag.
0: No effect
1: HSIRDYF cleared
[17] W LSERDYC: LSE ready interrupt clear
This bit is set by software to clear the LSERDYF flag.
0: No effect
1: LSERDYF cleared
[16] W LSIRDYC: LSI ready interrupt clear
This bit is set by software to clear the LSIRDYF flag.
0: No effect
1: LSIRDYF cleared
[15:13] R Reserved
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[12]

RW

PLLRDYIE: PLL ready interrupt enable

Set and cleared by software to enable/disable interrupt caused by PLL lock
0: PLL lock interrupt disabled

1: PLL lock interrupt enabled

(111

RW

HSERDYIE: HSE ready interrupt enable

Set and cleared by software to enable/disable interrupt caused by HSE lock
0: HSE ready interrupt disabled

1: HSE ready interrupt enabled

[10]

RW

HSIRDYIE: HSI ready interrupt enable

Set and cleared by software to enable/disable interrupt caused by HSI lock
0: HSI ready interrupt disabled

1: HSI ready interrupt enabled

(9]

RW

LSERDYIE: LSE ready interrupt enable

Set and cleared by software to enable/disable interrupt caused by LSE lock
0: LSE ready interrupt disabled

1: LSE ready interrupt enabled

(8]

RW

LSIRDYIE: LSI ready interrupt enable

Set and cleared by software to enable/disable interrupt caused by LSI lock
0: LSI ready interrupt disabled

1: LSI ready interrupt enabled

[7]

CSSF: Clock security system interrupt flag

Set by hardware when a failure is detected in HSE
Cleared by software setting the CSSC bit

0: No clock failure of HSE

1: clock failure of HSE

[6:5]

Reserved

[4]

PLLRDYF: PLL ready interrupt flag

Set by hardware when the PLL locks and PLLRDYDIE is set.
Cleared by software setting the PLLRDYC bit.

0: No clock ready interrupt caused by PLL lock

1: Clock ready interrupt caused by PLL lock

(3]

HSERDYF: HSE ready interrupt flag

Set by hardware when HSE becomes stable and HSERDYDIE is set.
Cleared by software setting the HSERDYC bit.

0: No clock ready interrupt of HSE

1: clock ready interrupt of HSE

(2]

HSIRDYF: HSI ready interrupt flag

Set by hardware when HSI becomes stable and HSIRDYDIE is set.
Cleared by software setting the HSIRDYC bit.

0: No clock ready interrupt of HSI

1: clock ready interrupt of HSI

(1]

LSERDYF: LSE ready interrupt flag

Set by hardware when LSE becomes stable and LSERDYDIE is set
Cleared by software setting the LSERDYC bit.

0: No clock ready interrupt of LSE

1: clock ready interrupt of LSE
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[0] R

LSIRDYF: LSI ready interrupt flag

Set by hardware when LSI becomes stable and LSIRDYDIE is set.
Cleared by software setting the LSIRDYC bit.

0: No clock ready interrupt of LSI

1: clock ready interrupt of LSI

7.4.4 APB2 peripheral reset register(RCC_APB2RSTR)

Register Address offset | Access | Resetvalue | Description
RCC_APB2RSTR 0x0C RW 0x0000_0000 | APB2 peripheral reset register
31 30 29 | 28 | 27 26 25 24
Reserved
23 22 21 | 20 | 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
ADC3RST USART1RST TIM8RST SPITRST TIM1RST ADC2RST ADC1RST Reserved
7 6 5 4 3 2 1 0
Reserved IOPERST IOPDRST IOPCRST IOPBRST IOPARST Reserved AFIORST

APB2 peripheral reset register(RCC_APB2RSTR)bit description

The register bit is set and cleared by the software, and the reset operation of the corresponding peripheral

module on the APB2 bus is performed
0: No effect (End the reset of the corresponding peripheral module)
1: enabled the reset of the corresponding peripheral module

Bit Access | Description
[31:16] R Reserved
[15] RW ADC3RST: ADC3 reset
[14] RW USART1RST: USART1 reset
[13] RW TIM8RST: TIM8 reset
[12] RW SPI1TRST: SPI1 reset
[11] RW TIM1RST: TIM1 reset
[10] RW ADC2RST: ADC2 reset
[9] RW ADC1RST: ADC1 reset
[8:7] R Reserved
[6] RW IOPERST: GPIOE reset
[5] RW IOPDRST: GPIOD reset
[4] RW IOPCRST: GPIOC reset
[3] RW IOPBRST: GPIOB reset
[2] RW IOPARST: GPIOA reset
[1] R Reserved
[0] RW AFIORST: AFIO reset

7.4.5 APB1 peripheral reset register (RCC_APB1RSTR)

Register

Address offset

Access

Reset value

Description

RCC_APB1RSTR

0x10

RW

0x0000_0000

APB1 peripheral reset register

Z Y *megawin
| & &g

make you win

DocID 2157012 Rev 2.4

68/639



7 Reset and clock controller(RCC)

MG32F157xx Reference Manual

31 ‘ 30 29 28 27 26 25 24
Reserved DACRST PWURST BKPRST Reserved CANRST Reserved
23 22 21 20 19 18 17 16
USBRST I2C2RST I2C1RST UARTS5RST UART4RST USART3RST | USART2RST Reserved
15 14 13 12 11 10 5 8
SPI3RST SPI2RST Reserved WWDGRST Reserved
7 6 5 4 3 2 1 0
Reserved TIM7RST TIM6RST TIM5RST TIMA4RST TIM3RST TIM2RST
APB1 peripheral reset register (RCC_APB1RSTR)bit description
The register bit is set and cleared by the software, and the reset operation of the corresponding peripheral
module on the APB1 bus is performed
0: No effect (End the reset of the corresponding peripheral module)
1: enabled the reset of the corresponding peripheral module
Bit Access | Description
[31:30] R Reserved
[29] RW DACRST: DAC reset
[28] RW PWURST: PWR reset
[27] RW BKPRST: BKP reset
[26] R Reserved
[25] RW CANRST: CAN reset
[24] R Reserved
[23] RW USBRST: USB reset
[22] RW I2C2RST: 12C2 reset
[21] RW I2C1RST: I12C1 reset
[20] RW UART5RST: UARTS reset
[19] RW UARTA4ST: UART4 reset
[18] RW UART3RST: UART3 reset
[17] RW UART2ST: UART2 reset
[16] R Reserved
[15] RW SPI3RST: SPI3 reset
[14] RW SPI2RST: SPI2 reset
[13:12] R Reserved
[11] RW WWDGRST: WWDG reset
[10:6] R Reserved
[5] RW TIM7RST: TIM7 reset
[4] RW TIMG6RST: TIM6 reset
[3] RW TIM5RST: TIMS5 reset
[2] RW TIMA4RST: TIM4 reset
[1] RW TIM3RST: TIM3 reset
[0] RW TIM2RST: TIM2 reset
7.4.6 AHB peripheral clock enable register (RCC_AHBENR)
Register Address offset | Access | Resetvalue | Description
RCC_AHBENR 0x14 RW 0x0000_0014 | AHB peripheral clock enable register
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31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 | 11 10 9 8
Reserved SDIOEN Reserved QSPIEN
7 6 5 4 3 2 1 0
AESEN CRCEN RNGEN FLITFEN Reserved SRAMEN DMA2EN DMATEN

AHB peripheral clock enable register (RCC_AHBENR)bit description

The register bit is set and cleared by the software, and the reset operation of the corresponding peripheral
module on the AHB bus is performed

0:Disable the clock of the peripheral module

1: enabled the clock of the peripheral module

Bit Access | Description
[31:11] R Reserved
[10] RW SDIOEN: SDIO clock enable
[9] R Reserved
[8] RW QSPIEN: QSPI clock enable
[7] RW AESEN: AES clock enable
[6] RW CRCEN: CRC clock enable
[5] RW RNGEN: RNG clock enable
[4] RW FLITFEN: FLITF clock enable
Set and cleared by software to disable/enable FLITF clock during Sleep mode
[3] R Reserved
[2] RW SRAMEN: SRAM clock enable
Set and cleared by software to disable/enable SRAM interface clock during Sleep mode
[1] RW DMAZ2EN: DMAZ2 clock enable
[0] RW DMA1EN: DMAT1 clock enable

7.4.7 APB2 peripheral clock enable register(RCC_APB2ENR)

Register Address offset | Access | Resetvalue | Description
RCC_APB2ENR 0x18 RW 0x0000_0000 | APB2 peripheral clock enable register
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 14 13 12 11 10 g 8
ADC3EN USART1EN TIM8EN SPITEN TIM1TEN ADC2EN ADC1EN Reserved
7 6 5 4 3 2 1 0
Reserved IOPEEN IOPDEN IOPCEN IOPBEN IOPAEN Reserved AFIOEN

APB2 peripheral clock enable register(RCC_APB2ENR)bit description
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The register bit is set and cleared by the software, and the reset operation
module on the APB2 bus is performed

0:Disable the clock of the peripheral module

1: enabled the clock of the peripheral module

of the corresponding peripheral

Bit Access | Description

[31:16] R Reserved
[15] RW ADC3EN: ADC3 clock enable
[14] RW USART1EN: USART1 clock enable
[13] RW TIMS8: TIMS8 clock enable
[12] RW SPI1EN: SPI1 clock enable
[11] RW TIM1EN: TIM1 clock enable
[10] RW ADC2EN: ADC2 clock enable
[9] RW ADC1EN: ADC1 clock enable
[8:71 R Reserved
[6] RW IOPEEN: GPIOE clock enable
[5] RW IOPDEN: GPIOD clock enable
[4] RW IOPCEN: GPIOC clock enable
[3] RW IOPBEN: GPIOB clock enable
[2] RW IOPAEN: GPIOA clock enable
[1] R Reserved
[0] RW AFIOEN: AFIO clock enable

7.4.8 RCC APB1 peripheral enabled Register(RCC_APB1ENR)

Register Address offset | Access | Reset value | Description
RCC_APB1ENR 0x1C RW 0x0000_0000 | RCC APB1 peripheral enabled Register
31 30 29 28 27 26 25 24
Reserved DACEN PWREN BKPEN Reserved CANEN Reserved
23 22 21 20 19 18 17 16
USBEN I2C2EN I12C1EN UARTSEN UART4EN UART3EN UART2EN Reserved
15 14 13 12 11 10 9 8
SPI3EN SPI2EN Reserved WWDGEN Reserved
7 6 5 4 3 2 1 0
Reserved TIM7EN TIM6EN TIMSEN TIM4EN TIM3EN TIM2EN
RCC APB1 peripheral enabled Register(RCC_APB1ENR)bit description
The register bit is set and cleared by the software, and the reset operation of the corresponding peripheral
module on the APB1 bus is performed
0:Disable the clock of the peripheral module
1: enabled the clock of the peripheral module
Bit Access | Description
[31:30] R Reserved
[29] RW DACEN: DAC clock enable
[28] RW PWREN: PWR clock enable
[271 RW BKPEN: BKP clock enable
[26] R Reserved
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[25] RW CANEN: CAN clock enable

[24] R Reserved

[23] RW USBEN: USB clock enable

[22] RW I2C2EN: 12C2 clock enable

[21] RW I2C1EN: 12C1 clock enable

[20] RW UART5EN: UARTS5 clock enable

[19] RW UART4EN: UARTS5 clock enable

[18] RW UART3EN: UARTS5 clock enable

[17] RW UART2EN: UARTS5 clock enable

[16] R Reserved

[15] RW SPI3EN: SPI3 clock enable

[14] RW SPI2EN: SPI2 clock enable
[13:12] R Reserved

[11] RW WWDGEN: TIM1 clock enable
[10:6] R Reserved

[5] RW TIM7EN: TIM7 clock enable

[4] RW TIMGEN: TIM6 clock enable

[3] RW TIM5EN: TIM5 clock enable

[2] RW TIM4EN: TIM4 clock enable

[1] RW TIM3EN: TIM3 clock enable

[0] RW TIM2EN: TIM2 clock enable

7.4.9 Backup domain control register(RCC_BDCR)

Register | Address offset | Access | Reset value | Description
RCC_BDCR 0x20 RW 0x0000_0018 | Backup domain control register
31 | 30 | 29 | 28 | 27 26 25 24
Reserved
23 | 22 | 21 | 20 | 19 18 17 16
Reserved BDRST
15 14 | 13 | 12 | 11 10 9 8
RTCEN Reserved RTCSEL[1:0]
7 6 | 5 | 4 | 3 2 1 0
Reserved LSE_DL[3:0] LSEBYP LSERDY LSEON
Backup domain control register(RCC_BDCR)bit description
Bit Access | Description
[31:17] R Reserved
[16] RW BDRST: Backup domain software reset
Set and cleared by software
0: Reset inactive
1: Reset the entire backup domain
[15] RW RTCEN: RTC clock enable
Set and cleared by software
0: RTC clock is disabled
1: RTC clock is enabled
£ 2 megawin Doc ID 2157012 Rev 2.4 72/639

make you win




7 Reset and clock controller(RCC)

MG32F157xx Reference Manual

[14:10]

Reserved

[9:8]

RW

RTCSEL[1:0]: RTC clock source selection

Set by software to select the clock source for the RTC
00: No clock

01: LSE oscillator clock used as RTC clock

10: LSI oscillator clock used as RTC clock

11: HSE oscillator clock divided by 128 used as RTC clock

Note: Once the RTC clock source has been selected, it cannot be changed anymore unless the
Backup domain is reset. The BDRST bit can be used to reset them.

[7]

Reserved

[6:3]

RW

LSE_DL[3:0]: Gain control of the LSE oscillator

(2]

RW

LSEBYP: External low-speed oscillator bypass

Set and cleared by software in debug mode to bypass the oscillator. This bit can be written
only when the external 32 kHz oscillator is disabled

0: LSE oscillator not bypassed

1: LSE oscillator bypassed

(1]

LSERDY: External low-speed oscillator ready

Set and cleared by hardware to indicate when the external 32 kHz oscillator is stable. After
the LSEON bit is cleared, LSERDY goes low after 6 external low-speed oscillator clock cycles.
0: External 32 kHz oscillator not ready

1: External 32 kHz oscillator ready

(0]

RW

LSEON: External low-speed oscillator enable
0: External 32 kHz oscillator OFF
1: External 32 kHz oscillator ON

7.4.10 Control/status register(RCC_CSR)

Register | Address offset | Access | Resetvalue | Description
RCC_CSR 0x24 RW 0x0C00_0000 | Control/status register
31 30 29 28 27 26 25 24
LPWRRSTF | WWDGRSTF | IWDGRSTF SFTRSTF PWRRSTF Reserved RMVF
PINRSTF
23 22 21 20 19 18 17 16
Reserved
15 | 14 13 | 12 | 11 10 9 8
Reserved
7 | 6 5 | 4 | 3 2 1 0
Reserved LSIRDY LSION
Control/status register(RCC_CSR)bit description
Bit Access | Description
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[31]

LPWRRSTF: Low-power reset flag

Set by hardware when a Low-power management reset occurs. Cleared by writing to the
RMVF bit.

0: No Low-power management reset occurred

1: Low-power management reset occurred

[30]

WWDGRSTF: Window watchdog reset flag

Set by hardware when a window watchdog reset occurs.Cleared by writing to the RMVF bit.
0: No window watchdog reset occurred

1: Window watchdog reset occurred

[29]

IWDGRSTF: Independent watchdog reset flag

Set by hardware when an independent watchdog reset from V DD domain occurs.Cleared
by writing to the RMVF bit.

0: No independent watchdog reset occurred

1: independent Watchdog reset occurred

[28]

SFTRSTF: Software reset flag

Set by hardware when a software reset occurs,Cleared by writing to the RMVF bit
0: No software reset occurred

1: Software reset occurred

[27]

PWRRSTF: POR/PDR reset flag

Set by hardware when a POR/PDR reset occurs. Cleared by writing to the RMVF bit.
0: No POR/PDR reset occurred

1: POR/PDR reset occurred

[26]

PINRSTF: PIN reset flag

Set by hardware when a reset from the NRST pin occurs.Cleared by writing to the RMVF bit.
0: No reset from NRST pin occurred

1: Reset from NRST pin occurred

[25]

Reserved

[24]

RW

RMVF: Remove reset flag

Set by software to clear the reset flags
0: No effect

1: Clear the reset flags

[23:2]

Reserved

(1]

LSIRDY: Internal low-speed oscillator ready

Hardware setting and zeroing indicate when the LSI is stable.
0: LSI clock is unstable

1: LSI clock is stable

[0]

RW

LSION: Internal low-speed oscillator enable
Set and clear by software.

0: Disable the LSI clock

1: start LSI clock
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8 General-purpose I/0 (GPIO)

8.1 GPIO functional description

Each of the general-purpose I/0 ports has two 32-bit configuration registers(GPIOx_CRL, GPIOx_CRH),
wo 32-bit data registers(GPIOx_IDR, GPIOx_ODR), a 32-bit set/reset register (GPIOx_BSRR), a 16-bit
reset register (GPIOx_BRR)and a 32-bit locking register(GPIOx_LCKR),

Each port bit of the General Purpose 10 (GPIO) Ports, can be individually configured by software in

several modes:

Input floating
Input pull-up
Input-pull-down
Analog

Output open-drain

Output push-pull

Alternate function push-pull

Alternate function open-drain

Each I/0 port bit is freely programmable, however the I/0 port registers have to be accessed as 32-bit
words (half-word or byte accesses are not allowed). The purpose of the GPIOx_BSRR and GPIOx_BRR
registers is to allow atomic read/modify accesses to any of the GPIO registers. This way, there is no

risk that an IRQ occurs between the read and the modify access.

Fig 8.1-1

Basic structure of a standard I70 port bit

Vbp

Write

Bit set/reset registers

Read/write

From on-chip
peripheral

Input data register

Output data register

Alternate Function Output

TTL Schmitt
trigger

on/off %

V
To on-chip <Analog Input | ng) |
peripheral o Alternate Function Input | on/off |
J

: on/off :

< Read I /—l“/‘_| i

| |

| |

Output
control

Vss

——[ N-Mos

Vss Push-pull,

open-drain or

disabled

Protection
diode

1/0 pin

Protection
diode
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Fig 8.1-2 Basic structure of a 5-Volt tolerant I/0 port bit

r—— - - - - - - - — A
\%
To on-chip <~nalog Input | [_)lp |
peripheral _ Alternate Function Input | on/off |
1] : on/off :
L
(2]
«Read___ £ i /J'@ M Voo_rr®
3 - T
o o | TTL Schmitt %T |
2 3 trigger Joff
7 — | & on/o
: : o 3 | .
Wie i 2L Lmtdte_ _ — — — =" — ] roen
% g:’ '_Output driver Voo —l
2 I | | Plrotection
5 § | P_MOS | diode
E_ Output Vss
L 8 | control |
Read/write | N-MOS |
——>
— Vss  push
E _chi -pul[,
p;(::'gh?ratl: ™" Atternate Function Output gipszrl])-lgaam or |
C - — e -
1. Vpp_pr is a potential specific to 5-Volt tolerant I/Os, and different from Vpp.
Tab 8.1-1 Port bit configuration table
Configuration mode CNF1 | CNFO | MODE1/ MODEOQ | PxODR register
Push-pull 0 01 Oor1
General purpose output - 0
Open-drain 1 10 Oor1
) Push-pull 0 11 disable
Alternate Function output - 1 -
Open-drain 1 See table below disable
Analog 0 0 disable
Input floating 1 disable
Input 00
Input pull-down 1 0 0
Input pull-up 1
Tab 8.1-2 Output MODE bits
MODE [1:0] Meaning
00 Input mode (reset state)
01 Maximum output speed 10 MHz
10 Maximum output speed 2 MHz
11 Maximum output speed 50 MHz

8.1.1 General-purpose I/0

During and just after reset, the alternate functions are not active and the I/0 ports are configured in
Input Floating mode (CNFx[1:0]=01b, MODEXx[1:0]=00b).

When configured as output, the value written to the Output Data register (GPIOx_ODR) is output on
the I/0 pin. It is possible to use the output driver in Push-Pull mode or Open-Drain mode (only the
N-MOS is activated when outputting 0).

Va0
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The Input Data register (GPIOx_IDR) captures the data present on the I/O pin at every APB2 clock
cycle.

All GPIO pins have an internal weak pull-up and weak pull-down that can be activated or not when
configured as input.

8.1.2 Atomic bit set or reset

There is no need for the software to disable interrupts when programming the GPIOx_ODR at bit level:
it is possible to modify only one or several bits in a single atomic APB2 write access. This is achieved
by programmingto ‘1’ the Bit Set/Reset Register (GPIOx_BSRR,or for reset only GPIOx_BRR) to select
the bits to modify. The unselected bits will not be modified.

8.1.3 External interrupt/wakeup lines

All ports have external interrupt capability. To use external interruptlines, the port must be configured
ininput mode. For more information on external interrupts, refer to Section: External interrupt/event
controller and Section: Wakeup event management

8.1.4 Alternate functions (AF)

Itis necessary to program the Port Bit Configuration Register before using a default alternate function.

* For alternate function inputs, the port must be configured in Input mode (floating, pull- up or
pull-down) and the input pin must be driven externally.

Note: It is also possible to emulate the AFI input pin by software by programming the GPIO controller. In this case, the
port should be configured in Alternate Function Output mode. And obviously, the corresponding port should not be driven

externally as it will be driven by the software using the GPIO controller.

* For alternate function outputs, the port must be configured in Alternate Function Output mode
(Push-Pull or Open-Drain).

+ For bidirectional Alternate Functions, the port bit must be configured in Alternate Function Out-
put mode (Push-Pull or Open-Drain). In this case the input driver is configured in input floating
mode

If a port bit is configured as Alternate Function Output, this disconnects the output register and con-
nects the pin to the output signal of an on-chip peripheral.

If software configures a GPIO pin as Alternate Function Output, but peripheral is not activated, its
output is not specified.

8.1.5 Software remapping of I/0 alternate functions

To optimize the number of peripheral I/0 functions for different device packages, it is possible to
remap some alternate functions to some other pins. This is achieved by software, by programming
the corresponding registers . In that case, the alternate functions are no longer mapped to their
original assignations.
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8.1.6 GPIO locking mechanism

The locking mechanism allows the IO configuration to be frozen. When the LOCK sequence has been

applied on a port bit, it is no longer possible to modify the value of the port bit until the next reset

8.1.7 Input configuration

When the I/0 Port is programmed as Input:

+ The Output Buffer is disabled

* The Schmitt Trigger Input is activated

* The weak pull-up and pull-down resistors are activated or not depending on input configuration
(pull-up, pull-down or floating)

* The data present on the I/0 pin is sampled into the Input Data Register every APB2 clock cycle

+ Aread access to the Input Data Register obtains the I/0 State.

Fig 8.1-3 Input floating/pull up/pull down configurations

r Voo 1
_ | on/off T |
N | |
% on
< Read =) | /j/‘ |
« — 4
s A\ i Voo
3
2 = | TTL Schmitt % | PMOS ESD
= — % tri
. -ag; £ | rigger on/off \l | Protection circuit
rite = .

AL 8 i
§ 2 I_inwt driver v s J Vo pin
= el e — = — — — — — — —

2 B [_output driver ! NMOS ESD
@ 3 —‘ | | Protection circuit
5
[N
— 3 | =/ . | Vss
Read/write | |
— | |

Note: VDD FT is a potential specific to 5-Volt tolerant I/0s, and different from VDD

8.1.8 Output configuration

When the I/0 Port is programmed as Output:

* The Output Buffer is enabled:
- Open Drain Mode: A “0” in the Output register activates the NMOS while a “1” in the
Output register leaves the port in high impedance(the PMOS is never activated)
- Push-Pull Mode: A “0” in the Output register activates the NMOS while a “1” in the Output
register activates the PMOS
* The Schmitt Trigger Input is disabled.
* The weak pull-up and pull-down resistors are disabled.
* The data present on the I/0 pin is sampled into the Input Data Register every APB2 clock cycle
+ Aread access to the Input Data Register gets the I/0 state in open drain mode

Va0
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+ Aread access to the Output Data register gets the last written value in Push-Pull mode

Fig 8.1-4 Output configuration
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ESD Protection
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— r— - - — — — — — — T
5| | |
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2 < Output driver Vop
2 g | |
m o°
E. —‘ | Output EI |
Read/write 8 | control |
Push-pull,
| v open-drain or |
Lo SS _disabled

Note: VDD FT is a potential specific to 5-Volt tolerant I/0s, and different from VDD

8.1.9 Alternate function configuration

When the I/0 Port is programmed as Alternate Function:

* The Output Buffer is turned on in Open Drain or Push-Pull configuration
« The Output Buffer is driven by the signal coming from the peripheral (alternate function out)

* The Schmitt Trigger Input is activated

* The weak pull-up and pull-down resistors are disabled.
* The data present on the I/O pin is sampled into the Input Data Register every APB2 clock cycle
« Aread access to the Input Data Register gets the I/0 state in open drain mode

+ Aread access to the Output Data register gets the last written value in Push-Pull mode

Aset of Alternate Function I/O registers allows the user to remap some alternate functions to different

pins.

Va0

megawin

make you win

DocID 2157012 Rev 2.4

79/639



8 General-purpose I70 (GPIO) MG32F157xx Reference Manual

Fig 8.1-5 Alternate function configuration
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Note: VDD FTis a potential specific to 5-Volt tolerant I/0s, and different from VDD

8.1.10 Analog configuration

When the I/0 Port is programmed as Analog configuration:

* The Output Buffer is disabled.

+ The Schmitt Trigger Input is de-activated providing zero consumption for every analog value of
the I/0 pin. The output of the Schmitt Trigger is forced to a constant value (0).

* The weak pull-up and pull-down resistors are disabled

« Read access to the Input Data Register gets the value “0” .

Va0

{2 megawin Doc ID 2157012 Rev 2.4 80/639

make you win



8 General-purpose I70 (GPIO) MG32F157xx Reference Manual

Fig 8.1-6 The high impedance-analog configuration of the I7/0 Port bit
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Note: VDD FTis a potential specific to 5-Volt tolerant I/0s, and different from VDD
8.1.11 GPIO configurations for device peripherals
Tab 8.1-3 GPIO configurations for device peripherals
Pinout | Configuration GPIO configuration
Advanced timers TIM1 and TIM8
Input capture channel x Input floating
TIM1/8_CHx -
Output compare channel x Alternate function push-pull
TIM1/8_CHxN Complementary output channel x Alternate function push-pull
TIM1/8_BKIN Break input Input floating
TIM1/8_ETR External trigger timer input Input floating
General-purpose timers TIM2/3/4/5
Input capture channel x Input floating
TIM2/3/4/5_CHx -
Output compare channel x Alternate function push-pull
TIM2/3/4/5_ETR External trigger timer input Input floating
USARTSs
Full duplex Alternate function push-pull
USARTX_TX -
Half duplex synchronous mode Alternate function push-pull
Full duplex Input floating / Input pull-u
USARTX_RX P P g/ nputp P
Half duplex synchronous mode Not used. Can be used as a general 10
USARTx_CK Synchronous mode Alternate function push-pull
USARTX_RTS Hardware flow control Alternate function push-pull
USARTx_CTS Hardware flow control Input floating / Input pull-up
SPI
Master Alternate function push-pull
SPIx_SCK -
Slave Input floating
SPIx_MOSI Full duplex/Master Alternate function push-pull
Full duplex/Slave Input floating / Input pull-up
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(Continuation)

Pinout Configuration GPIO configuration
Simplex bidirectional data | Alternate function push-pull
wire/Master
Simplex bidirectional data wire/Slave | Not used. Can be used as a general IO
Full duplex/Master Input floating / Input pull-up
SPIx_MISO F.uII duplex/SIav.e. . Alternate function push-pull
Simplex bidirectional data | Not used. Can be used as a general IO
wire/Master
Simplex bidirectional data wire/Slave | Alternate function push-pull
Hardware master/Slave Input floating/ Input pull-up / Input pull-
SPIX_NSS down
Hardware master/NSS output en- | Alternate function push-pull
abled
Software Not used. Can be used as a general IO
12S
12Sx_WS Master Alternate function push-pull
Slave Input floating
12Sx_CK Master Alternate function push-pull
Slave Input floating
12Sx_SD Transmitter Alternate function push-pull
Receiver Input floating/ Input pull-up / Input pull-
down
[2Sx_MCK Master Alternate function push-pull
Slave Not used. Can be used as a general 10
12C
I2Cx_SCL I2C clock Alternate function open drain
I2Cx_SDA I2C Data Alternate function open drain
BxCAN
CAN_TX Alternate function push-pull
CAN_RX Input floating / Input pull-up
USB
USB_DM As soon as the USB is enabled, these
USB_DP pins are automatically connected to the
USB internal transceiver.
SDIO
SDIO_CK Alternate function push-pull
SDIO_CMD Alternate function push-pull

SDIO[D7:D0]

Alternate function push-pull

ADC/DAC(The GPIO configuration of the ADC inputs should be analog.)

ADC/DAC Analog
Other IOs
RTC output Forced by hardware when configuring
TAMPER-RTC - -
Tamper event input the BKP_CR and BKP_RTCCR registers
MCO Clock output Alternate function push-pull

EXTI input lines

External input interrupts

Input floating/ Input pull-up / Input pull-
down
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8.2 GPIO Register

Tab 8.2-1

GPIO Register Map

offset ‘

Register

Reset value

Description

GPIOA: GPIOA_BA = 0x4001_0800

GPIOB: GPIOB_BA = 0x4001_0CO00
GPIOC: GPIOC_BA = 0x4001_1000 GPIOD: GPIOD_BA = 0x4001_1400
GPIOE: GPIOD_BA = 0x4001_1800

0x00 GPIOx_CRL 0x4444_4444 | Port configuration register low

0x04 GPIOx_CRH 0x4444_4444 | Port configuration register high
0x08 GPIOx_IDR 0x0000_0000 Port input data register

0x0C GPIOx_ODR 0x0000_0000 Port output data register

0x10 GPIOx_BSRR 0x0000_0000 Port bit set/reset register

0x14 GPIOx_BRR 0x0000_0000 Port bit reset register

0x18 GPIOx_LCKR 0x0000_0000 | Port configuration lock register

8.2.1 Port configuration register low(GPIOx_CRL, x=A, B, C, D, E)

Register | Address offset | Access | Reset value | Description
GPIOx_CRL 0x00 RW 0x4444_4444 | Port configuration register low (x = A, B, C, D, E)
31 | 30 29 | 28 27 | 2 25 | 24
CNF7[1:0] MODE7[1:0] CNF6[1:0] MODE®6[1:0]
23 | 22 21 | 20 19 | 18 17 | 16
CNF5[1:0] MODE5[1:0] CNF4[1:0] MODEA4[1:0]
15 | 14 13| 12 11 | 10 9 | 8
CNF3[1:0] MODE3[1:0] CNF2[1:0] MODEZ2[1:0]
7 | 6 5 | 4 3 | 2 1 | 0
CNF1[1:0] MODE1[1:0] CNFO[1:0] MODEO[1:0]
Port configuration register low(GPIOx_CRL, x = A, B, C, D, E)bit description
Bit Access | Description
[31:30] RW CNFy[1:0]: Port x configuration bit y(y =0~ 7)
[27:26] These bits are written by software to configure the corresponding I/O port, Referto: Port
[23:22] bit configuration table
[19:18] In input mode (MODE[1:0]=00):
[15:14] 00: Analog mode
[11:10] 01: Floating input (reset state)
[7:6] 10: Input with pull-down
[3:2] 11: Input with pull-up
In output mode(MODE[1:0]>00):
00: General purpose output push-pull
01: General purpose output Open-drain
10: Alternate function output Push-pull
11: Alternate function output Open-drain
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[29:28]
[25:24]
[21:20]
[17:16]
[13:12]
[9:8]
[5:4]
[1:0]

RW

MODEy[1:0]: Port x mode bit y(y =0~ 7)

These bits are written by software to configure the corresponding I/O port, Referto: Port

bit configuration table

00: Input mode (reset state)

01: Output mode, max speed 10 MHz.
10: Output mode, max speed 2 MHz.
11: Output mode, max speed 50 MHz

8.2.2 Port configuration register high(GPIOx_CRH, x=A, B, C, D, E)

Register Address offset | Access | Reset value | Description
GPIOx_CRH 0x04 RW 0x4444_4444 | Port configuration register high (GPIOx_CRH,x=A, B, C,
D, E)
31 | 30 29 | 28 27 | 2 25 | 24
CNF15[1:0] MODE15[1:0] CNF14[1:0] MODE14[1:0]
23 | 22 21 | 20 19 | 18 17 | 16
CNF13[1:0] MODE13[1:0] CNF12[1:0] MODE12[1:0]
15 | 14 13| 12 11 | 10 9 | 8
CNF11[1:0] MODE11[1:0] CNF10[1:0] MODE10[1:0]
7 | 6 5 | 4 3 | 2 1 | 0
CNF9[1:0] MODE9[1:0] CNF8[1:0] MODES[1:0]
Port configuration register high (GPIOx_CRL, x = A, B, C, D, E)bit description
Bit Access | Description
[31:30] RW CNFy[1:0]: Port x configuration bit y(y =8 ~ 15)
[27:26] These bits are written by software to configure the corresponding I/O port, Referto: Port
[23:22] bit configuration table
[19:18] In input mode (MODE[1:0]=00):
[15:14] 00: Analog mode
[11:10] 01: Floating input (reset state)
[7:6] 10: Input with pull-down
[3:2] 11: Input with pull-up
In output mode (MODE[1:0] > 00)
00: General purpose output push-pull
01: General purpose output Open-drain
10: Alternate function output Push-pull
11: Alternate function output Open-drain
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[29:28]
[25:24]
[21:20]
[17:16]
[13:12]
[9:8]
[5:4]
[1:0]

RW

MODEy[1:0]: Port x mode bity(y =8~ 15)
These bits are written by software to configure the corresponding I/O port, Referto: Port
bit configuration table

00: Input mode (reset state)
01: Output mode, max speed 10 MHz
10: Output mode, max speed 2 MHz.
11: Output mode, max speed 50 MHz.

8.2.3 Port input data register(GPIOXx_IDR, x=A, B, C, D, E)

Register | Address offset | Access | Reset value | Description
GPIOx_IDR 0x08 R 0x0000_0000 | Portinput data register(GPIOx_IDR,x=A, B, C, D, E)
31 | 30 | 29 | 28 | 27 | 26 25 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 17 16
Reserved
15 14 13 12 11 10 9 8
IDR15 IDR14 IDR13 IDR12 IDR11 IDR10 IDR9 IDR8
7 6 5 4 3 2 1 0
IDR7 IDR6 IDR5 IDR4 IDR3 IDR2 IDR1 IDRO
Port input data register(GPIOx_IDR, x = A, B, C, D, E)bit description
Bit Access | Description
[31:16] R Reserved, must be kept at reset value.
[15:0] R IDRy: Port input data(y =0 ~ 15)
These bits are read only and can be accessed in Word mode (16 bit) only. They contain the
input value of the corresponding I/0 port.

8.2.4 Port output data register(GPIOx_ODR, x=A, B, C, D, E)
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Register Address offset | Access | Resetvalue | Description
GPIOx_ODR 0x0C R 0x0000_0000 | Port output data register (GPIOx_ODR, x=A, B, C, D, E)
31 | 30 | 29 | 28 | 27 | 26 25 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 17 16
Reserved
15 14 13 12 11 10 9 8
ODRI15 ODR14 ODR13 ODR12 ODRI11 ODR10 ODR9 ODR8
7 6 5 4 3 2 1 0
ODR7 ODR6 ODR5 ODR4 ODR3 ODR2 ODR1 ODRO
Port output data register(GPIOx_ODR, x = A, B, C, D, E)bit description
Bit Access | Description
[31:16] R Reserved, must be kept at reset value.
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[15:0]

ODRYy: Port output data (y =0~ 15)
These bits can be read and written by software and can be accessed in Word mode (16 bit)
only. They contain the input value of the corresponding I/0 port.

Note: For atomic bit set/reset, the ODR bits can be individually set and cleared by writing to
the GPIOX_BSRR register (x =A .. G).

8.2.5 Port bit set/reset register(GPIOX_BSRR, x=A, B, C, D, E)

Register Address offset | Access | Resetvalue | Description
GPIOx_BSRR 0x10 w 0x0000_0000 | Port bit set/reset register (GPIOx_BSRR,x =A, B, C, D, E)
31 30 29 28 27 26 25 24
BR15 BR14 BR13 BR12 BR11 BR10 BR9 BR8
23 22 21 20 19 18 17 16
BR7 BR6 BR5 BR4 BR3 BR2 BR1 BRO
15 14 13 12 11 10 9 8
BS15 BS14 BS13 BS12 BS11 BS10 BS9 BS8
7 6 5 4 3 2 1 0
BS7 BS6 BS5 BS4 BS3 BS2 BS1 BSO
Port bit set/reset register(GPIOX_BSRR, x = A, B, C, D, E)bit description
Bit Access | Description
[31:16] W BRy: Port x Reset bity(y =0~ 15)
These bits are write-only and can be accessed in Word mode(16 bit) only.
0: No action on the corresponding ODRy bit
1: Reset the corresponding ODRYy bit 0
Note: If both BSy and BRy are set, BSy has priority.
[15:0] w BSy: Piny set bit, y=0~15
These bits are write-only and can be accessed in Word mode (16 bit) only.
0: No action on the corresponding ODRYy bit
1: Set the corresponding ODRy bit 1

8.2.6 Port bit reset register(GPIOx_BRR, x=A, B, C, D, E)

Register | Address offset | Access | Reset value | Description
GPIOx_BRR 0x14 W 0x0000_0000 | Port bit reset register (GPIOx_BRR,x = A, B, C, D, E)
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 14 13 12 11 10 9 8
BR15 BR14 BR13 BR12 BR11 BR10 BR9 BR8
7 6 5 4 3 2 1 0
BR7 BR6 BR5 BR4 BR3 BR2 BR1 BRO
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Port bit reset register(GPIOX_BRR, x = A, B, C, D, E)bit description

Bit Access | Description
[31:16] R Reserved
[15:0] w BRy: Port x Reset bity(y=0~15)

These bits are write-only and can be accessed in Word mode (16 bit) only
0: No action on the corresponding ODRYy bit
1: Reset the corresponding ODRy bit 0

8.2.7 Port configuration lock register(GPIOx_LCKR, x=A, B, C, D, E)

This register is used to lock the configuration of the port bits when a correct write sequence is applied
to bit 16 (LCKK). The value of bits [15:0] is used to lock the configuration of the GPIO. During the write
sequence, the value of LCKR[15:0] must not change. When the LOCK sequence has been applied on
a port bit it is no longer possible to modify the value of the port bit until the next reset. Each lock bit
freezes the corresponding 4 bits of the control register (CRL, CRH)

Register Address offset | Access | Resetvalue | Description
GPIOx_LCKR 0x18 RW 0x0000_0000 | Port configuration lock register (GPIOx_LCKR,x = A, B,
C, D, E)
31 | 30 29 28 | 27 | 26 25 24
Reserved
23 | 22 21 20 | 19 | 18 17 16
Reserved LCKK
15 14 13 12 11 10 9 8
LCK15 LCK14 LCK13 LCK12 LCK11 LCK10 LCK9 LCK8
7 6 5 4 3 2 1 0
LCK7 LCK6 LCK5 LCK4 LCK3 LCK2 LCK1 LCKO
Port configuration lock register(GPIOx_LCKR, x = A, B, C, D)bit description
Bit Access | Description
[31:17] R Reserved
[16] RW LCKK: Lock key
This bit can be read anytime. It can only be modified using the Lock Key Writing Sequence
0: Port configuration lock key not active
1: Port configuration lock key active. GPIOx_LCKR register is locked until the next reset.
LOCK key writing sequence: Write 1 - Write O - Write 1 - Read O - Read 1
The last read is optional but confirms that the lock is active, During the LOCK Key Writing
sequence, the value of LCK[15:0] must not change, Any error in the lock sequence will abort
the lock
[yl RW LCKy: Port x Lock bit y(y =0 ~ 15)
These bits are read write but can only be written when the LCKK bit is 0.
0: Port configuration not locked
1: Port configuration locked
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9 Alternate function I/0 (AFIO)
9.1 AFIO functional description

To optimize the number of peripherals available in 64-pin or 100-pin packages, some alternate func-
tions can be remapped to other pins. This can be done in software by programming the AF remap
and debugging the I/0 configuration register (AFIO_MAPR). In this case, the AF is no longer mapped
to its original allocation. When an I/O port is programmed for an alternate function:

9.1.1 Using OSC32_IN/OSC32_OUT pins as GPIO ports PC14/PC15

The LSE oscillator pins OSC32_IN and OSC32_OUT can be used as general-purpose I/0 PC14 and PC15,
respectively, when the LSE oscillator is off. The LSE has priority over the GPIOs function.

Note: The PC14/PC15 GPIO functionality is lost when the 1.8 V domain is powered off (by entering standby mode) or when
the backup domain is supplied by V BAT (VDD no more supplied). In this case the IOs are set in analog mode.

9.1.2 Using OSC_IN/OSC_OUT pins as GPIO ports PDO/PD1

The HSE oscillator pins OSC_IN/OSC_OUT can be used as general-purpose I/0 PD0/PD1 by program-
ming the PDO1_REMAP bit in the AF remap and debug I/O configuration register(AFIO_MAPR).

This remap is available only on 48- and 64-pin packages (PDO and PD1 are available on 100-pin pack-
ages, no need for remapping).

Note: The external interrupt/event function is not remapped. PDO and PD1 cannot be used for external interrupt/event

generation on 48- and 64-pin packages.

9.1.3 CAN1 alternate function remapping

The CAN signals can be mapped on Port A, Port B or Port D as shown in Table 9.1-1. For port D,
remapping is not possible in devices delivered in 48- and 64-pin packages.

Tab 9.1-1 CANT1 alternate function remapping

Alternate function

CAN_REMAP[1:0]= “00”

CAN_REMAP[1:0]= “10”

CAN_REMAP[1:0] = “11”

CAN_RX

PA11

PB8

PDO

CAN_TX

PA12

PB9

PD1

Note:

CAN_REMAP[1:0] = “117” ,This remapping is available only on 100-pin packages, when PDO and PD1 are not remapped on

OSC-IN and OSC-OUT.

9.1.4 SWD alternate function remapping

The debug interface signals are mapped on the GPIO ports as shown in 9.1-2
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Tab 9.1-2 Debug interface signals

Alternate function GPIO port
SWDIO PA13
SWCLK PA14

TRACESWO PB3

To optimize the number of free GPIOs during debugging, this mapping can be configured in different
ways by programming the SWJ_CFG[1:0] bits in the AF remap and debug I/O configuration register

(AFIO_MAPR). Refer to 9.1-3

Tab 9.1-3 Debug port mapping

. SWJ I/0 pin assigned
SWJ_CFG[2:0] Available debug ports

PA13/ PA14/ PA15/ PB3/ PB4 /
JTMS / JTCK JTDI JTDO / NJTRST
SWDIO /SWCLK TRACESWO

010 SW-DP Enabled X X Free Free Free

100 SW-DP Disabled Free Free Free Free Free

Other Forbidden - - - - -

9.1.5 ADC alternate function remapping

Tab 9.1-4 ADC1 external trigger injected conversion alternate function remapping

Alternate function

ADC1_ETRGINJ_REMAP =0

ADC1_ETRGINJ_REMAP =1

ADC1 external trigger injected
conversion

ADC1 external trigger injected
conversion is connected to EXTI15

ADC1 external trigger injected
conversion is connected to
TIM8_CH4

Tab 9.1-5 ADC1 external trigger regular conversion alternate function remapping

Alternate function

ADC1_ETRGREG_REMAP= 0

ADC1_ETRGREG_REMAP =1

ADC1 external trigger regular
conversion

ADCT1 external trigger regular
conversion is connected to EXTI11

ADC1 external trigger regular
conversion is connected to
TIM8_TRGO

Tab 9.1-6 ADC2 external trigger injected conversion alternate function remapping

Alternate function

ADC2_ETRGINJ_REMAP =0

ADC2_ETRGINJ_REMAP =1

ADC2 external trigger injected
conversion

ADC2 external trigger injected
conversion is connected to EXTI15

ADC2 external trigger injected
conversion is connected to
TIM8_CH4
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Tab 9.1-7 ADC2 external trigger regular conversion alternate function remapping

Alternate function ADC2_ETRGREG_REG =0 ADC2_ETRGREG_REG =1
ADC2 external trigger regular ADC2 external trigger regular ADC2 external trigger regular
conversion conversion is connected to EXTI11 conversion is connected to
TIM8_TRGO

9.1.6 Timer alternate function remapping

Timer 4 channels 1 to 4 can be remapped from Port B to Port D, Other timer remapping possibilities
are listed in Table 9.1-8 to Table 46.

Tab 9.1-8 TIMS alternate function remapping

Alternate function TIM5CH4_IREMAP = 0 TIM5CH4_IREMAP = 1
TIM5_CH4 TIM5 Channel4 is connected to PA3 LSI internal clock is connected to
TIM5_CH4 input for calibration
purpose.

Tab 9.1-9 TIM4 alternate function remapping

Alternate function TIM4_REMAP =0 TIM4_REMAP = 1 !
TIM4_CH1 PB6 PD12
TIM4_CH2 PB7 PD13
TIM4_CH3 PB8 PD14
TIM4_CH4 PB9 PD15

Note: 1. Remap available only for 100-pin package.

Tab 9.1-10 TIM3 alternate function remapping

Alternate function TIM3_REMAP[1:0]= “00” TIM3_REMAP[1:0] = “10” TIM3_REMAP[1:0]= “11”
(no remap) (partial remap) (full remap) ™
TIM3_CH1 PA6 PB4 PC6
TIM3_CH2 PA7 PB5 PC7
TIM3_CH3 PBO PC8
TIM3_CH4 PB1 PC9

Note: 7. Remap available only for 64-pin, 100-pin packages.

Tab 9.1-11 TIM2 alternate function remapping

Alternate function TIM2_REMAP[1:0] = TIM2_REMAP[1:0] = TIM2_REMAP[1:0] = TIM2_REMAP[1:0] =
“00” (no remap) “01” (partial remap) | “10” (partial remap) | “11” (full remap) ™
TIM2_CH1_ETR @ PAO PA15 PAO PA15
TIM2_CH2 PA1 PB3 PA1 PB3
TIM2_CH3 PA2 PB10
TIM2_CH4 PA3 PB11

Note: TIM_CH1 and TIM_ETR share the same pin but cannot be used at the same time (which is why we have this notation:
TIM2_CH1_ETR)
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Tab9.1-12 TIM1 alte

rnate function remapping

Alternate function TIM1_REMAP[1:0] = “00” | TIM1_REMAP[1:0]= “01” | TIM1_REMAP[1:0]= “11”
(no remap) (partial remap) (partial remap) M

TIM1_ETR PA12 PE7

TIM1_CH1 PAS PE9

TIM1_CH2 PA9 PE11
TIM1_CH3 PA10 PE13
TIM1_CH4 PA11 PE14
TIM1_BKIN PB12 & PA6 PE15
TIM1_CH1N PB13 PA7 PES

TIM1_CH2N PB14 2 PBO PE10
TIM1_CH3N PB15 & PB1 PE12

Note: 7. Remap available only for 100-pin
9.1.7 USART alternate function remapping
Tab 9.1-13 USART3 remapping
Alternate function USART3_REMAP[1:0] = USART3_REMAP[1:0] = USART3_REMAP[1:0] =
“00” (no remap) “01” (partial remap)™" “11” (full remap) &

USART3_TX PB10 PC10 PD8
USART3_RX PB11 PC11 PD9
USART3_CK PB12 PC12 PD10
USART3_CTS PB13 PD11
USART3_RTS PB14 PD12

Note:

2. Remap available only for 100-pin packages.

1. Remap available only for 64-pin, 100-pin packages.

Tab 9.1-14 USART2 remapping

Alternate function USART2_REMAP =0 USART2_REMAP = 111!
USART2_CTS PAO PD3
USART2_RTS PA1 PD4

USART2_TX PA2 PD5
USART2_RX PA3 PD6
USART2_CK PA4 PD7

Note:

1. Remap available only for 100-pin packages

Tab 9.1-15 USART1 remapping

Alternate function

USART1_REMAP =0

USART1_REMAP =1

USART1_TX PA9 PB6
USART1_RX PA10 PB7
&> megawin Doc ID 2157012 Rev 2.4 91/639

make you win



9 Alternate function I/0 (AFIO)

MG32F157xx Reference Manual

9.1.8 I2C1 alternate function remapping

Tab 9.1-16 12C1 remapping

Alternate function

I2C1_REMAP =0

12C1_REMAP = 11"

12C1_SCL

PB6

PB8

[2C1_SDA

PB7

PB9

9.1.9 SPI1 alternate function remapping

Tab 9.1-17 SPI1 remapping

Alternate function

SPI1_REMAP =0

SPI1_REMAP =1

SPIT_NSS PA4 PA15
SPI1_SCK PA5 PB3
SPI1_MISO PA6 PB4
SPI1_MOSI PA7 PB5
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9.2 AFIO Register

Tab 9.2-1 AFIO Register map

offset ‘ Register Reset value Description

AFIO base address: AFIO_BA = 0x4001_0000

0x00 AFIO_EVCR 0x0000_0000 Event control register

0x04 AFIO_MAPR 0x0000_0000 | Alternate remap and debug I/0 configuration register
0x08 AFIO_EXTICR1 0x0000_0000 | External interrupt configuration register 1

0x0C AFIO_EXTICR2 0x0000_0000 | External interrupt configuration register 2

0x10 AFIO_EXTICR3 0x0000_0000 | External interrupt configuration register 3

0x14 AFIO_EXTICR4 0x0000_0000 | External interrupt configuration register 4

9.2.1 AFIO Event control register(AFIO_EVCR)

Register | Address offset | Access | Reset value | Description
AFIO_EVCR 0x00 RW 0x0000_0000 | AFIO Event control register
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Reserved
7 6 | 5 | 4 3 | 2 | 1 | 0
EVOE PORT[2:0] PIN[3:0]
AFIO Event control register(AFIO_EVCR)bit description
Bit Access | Description
[31:8] R Reserved,must be kept at reset value.
[71 RW EVOE: Event output enable
Set and cleared by software. When set the EVENTOUT Cortex output is connected to the I/0
selected by the PORT[2:0] and PIN[3:0] bits
[6:4] RW PORT[2:0]: Port selection
Set and cleared by software, Select the port used to output the Cortex EVENTOUT signal.
Note: The EVENTOUT signal output capability is not extended to ports PF and PG.
000: PA selected 001: PB selected
010: PCselected 011: PD selected
100: PE selected
[3:0] RW PIN[3:0]: Pin selection (x=A .. E)

Set and cleared by software, Select the pin used to output the Cortex EVENTOUT signal.
0000: selected Px0
0001: selected Px1
0010: selected Px2
0011: selected Px3

1111: selected Px15
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9.2.2 Alternate remap and debug I/0 configuration register(AFIO_MAPR)

Register Address offset | Access | Reset value | Description

AFIO_MAPR 0x00 RW 0x0000_0000 | Alternate remap and debug I/O configuration register

31
30
29
28
27
26

25

24
19
17
16
15
14
13
12
11

23
22
21

OP_REMAP

[1:0]

)_REMAP

)_REMAP

TIM5CH4_IREMAP

[1:0]
[1:0]
[1:0]
[1:0]

ADC2_ETRGIN
ADC1_ETRGIN
PDO1_REMAP
USART1_REMAP
I2C1_REMAP

SPI1_REMAP

ADC2_ETRGREG_REMAP | 20
ADC1_ETRGREG_REMAP | 18

Reserved
CAN_REMAP
TIM4_REMAP
TIM3_REMAP
TIM2_REMAP
TIM1_REMAP
USART3_REMAP
USART2_REMAP

Alternate remap and debug I/O configuration register(AFIO_MAPR)bit description

Bit Access

Description

[31:29] RW

Bit 31:

OP3_REMAP = 0: OP1+,0P1-,0P10, The three signals are not remapped to GPIO
OP3_REMAP = 1: OP1+,0P1-,0P10, The three signals are remapped to GPIO

Bit 30:

OP2_REMAP = 0: OP2+,0P2-,0P20, The three signals are not remapped to GPIO
OP2_REMAP = 1: OP2+,0P2-,0P20, The three signals are remapped to GPIO

Bit 29:

OP1_REMAP =0: OP1+,0P1-0P10, The three signals are not remapped to GPIO
OP1_REMAP =1: OP1+,0P1-0P10, The three signals are remapped to GPIO

[28:21] R

Reserved,Must remain clear

[20] RW

ADC2_ETRGREG_REMAP: ADC2 external trigger regular conversion remapping

Set and cleared by software. This bit controls the trigger input connected to ADC2 exter-
nal trigger regular conversion. When this bit is reset, the ADC2 external trigger regular
conversion is connected to EXTI11. When this bit is set, the ADC2 external event regular
conversion is connected to TIM8_TRGO.

[19] RW

ADC2_ETRGINJ_REMAP: ADC2 external trigger injected conversion remapping

Set and cleared by software.This bit controls the trigger input connected to ADC2 external
trigger injected conversion.

0: The ADC2 external trigger injected conversion is connected to EXTI15

1: The ADC2 external event injected conversion is connected to TIM8_Channel4

[18] RW

ADC1_ETRGREG_REMAP: ADC1 external trigger regular conversion remapping

Set and cleared by software. This bit controls the trigger input connected to ADC1 External
trigger regular conversion.

0: The ADC1 External trigger regular conversion is connected to EXTI11.

1: The ADC1 External Event regular conversion is connected to TIM8_TRGO.

[17] RW

ADC1_ETRGINJ_REMAP: ADC1 external trigger injected conversion remapping
Set and cleared by software. This bit controls the trigger input connected to ADC1
0: ADC1 External trigger injected conversion is connected to EXTI15

1: ADC1 External Event injected conversion is connected to TIM8_Channel4
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[16]

RW

TIM5CH4_IREMAP: TIM5 channel4 internal remap

Set and cleared by software. This bit controls the TIM5_CH4 internal mapping

0: TIM5_CH4 is connected to PA3

1: Set the LSI internal clock is connected to TIM5_CH4 input for calibration purpose.

[15]

RW

PDO01_REMAP: Port DO/Port D1 mapping on OSC_IN/OSC_OUT

This bit is set and cleared by software. It controls the mapping of PDO and PD1 GPIO func-
tionality. When the HSE oscillator is not used (application running on internal 8 MHz RC)
PDO and PD1 can be mapped on OSC_IN and OSC_OUT. This is available only on 48- and
64-pin packages (PD0 and PD1 are available on 100-pin packages, no need for remapping)
0: No remapping of PDO and PD1

1: PDO remapped on OSC_IN, PD1 remapped on OSC_OUT

[14:13]

RW

CAN_REMAP[1:0]: CAN alternate function remapping

These bits are set and cleared by software. They control the mapping of alternate functions
CAN_RX and CAN_TX in devices with a single CAN interface 00: CAN_RX mapped to PA11,
CAN_TX mapped to PA12

01: Not used

10: CAN_RX mapped to PB8, CAN_TX mapped to PB9

11: CAN_RX mapped to PDO, CAN_TX mapped to PD1

[12]

RW

TIM4_REMAP: TIM4 remapping

This bit is set and cleared by software. It controls the mapping of TIM4 channels 1 to 4
onto the GPIO ports.

0: No remap(CH1/PB6, CH2/PB7, CH3/PB8, CH4/PB9)

1: Full remap(CH1/PD12, CH2/PD13, CH3/PD14, CH4/PD15)

Note: TIM4 ETR on PEO is not remapped.

[11:10]

RW

TIM3_REMAP[1:0]: TIM3 remapping

These bits are set and cleared by software, They control the mapping of TIM3 channels 1
to 4 on the GPIO ports.

00: No remap(CH1/PA6, CH2/PA7, CH3/PBO, CH4/PB1)

01: Not used

10: Partial remap(CH1/PB4, CH2/PB5, CH3/PB0, CH4/PB1)

11: Full remap(CH1/PC6, CH2/PC7, CH3/PC8, CH4/PC9)

Note: TIM3_ETR on PEO is not remapped

[9:8]

RW

TIM2_REMAP[1:0]: TIM2 remapping

These bits are set and cleared by software. They control the mapping of TIM2 channels 1
to 4 and external trigger (ETR) on the GPIO ports.

00: No remap(CH1/ETR/PAO, CH2/PA1, CH3/PA2, CH4/PA3)

01: Partial remap(CH1/ETR/PA15, CH2/PB3, CH3/PA2, CH4/PA3)

10: Partial remap(CH1/ETR/PAO, CH2/PA1, CH3/PB10, CH4/PB11)

11: Full remap(CH1/ETR/PA15, CH2/PB3, CH3/PB10, CH4/PB11)
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[7:6] RW TIMx_REMAP[1:0]: TIM1 remapping
These bits are set and cleared by software. They control the mapping of TIM1 channels 1
to 4, 1N to 3N, external trigger (ETR) and Break input (BKIN) on the GPIO ports.
00: No remap(ETR/PA12,CH1/PA8, CH2/PA9, CH3/PA10, CH4/PA11, BKIN/PB12,CH1N/PB13,
CH2N/PB14, CH3N/PB15)
01: Partial remap(ETR/PA12,CH1/PA8,CH2/PA9, CH3/PA10,CH4/PA11,BKIN/PA6,CH1N/PA7,
CH2N/PBO, CH3N/PB1)
10: not used
11: Full remap(ETR/PE7, CH1/PE9, CH2/PE11, CH3/PE13, CH4/PE14, BKIN/PE15, CH1N/PES,
CH2N/PE10, CH3N/PE12)
[5:4] RW USART3_REMAP[1:0]: USART3 remapping
These bits are set and cleared by software. They control the mapping of USART3 CTS,
RTS,CK,TX and RX alternate functions on the GPIO ports.
00: No remap(TX/PB10, RX/PB11, CK/PB12, CTS/PB13, RTS/PB14)
01: Partial remap(TX/PC10, RX/PC11, CK/PC12, CTS/PB13, RTS/PB14)
10: not used
11: Full remap(TX/PD8, RX/PD9, CK/PD10, CTS/PD11, RTS/PD12)
[3] RW USART2_REMAP: USART2 remapping
This bit is set and cleared by software. It controls the mapping of USART2 CTS, RTS,CK,TX
and RX alternate functions on the GPIO ports.
0: No remap(CTS/PAO, RTS/PA1, TX/PA2, RX/PA3, CK/PA4)
1: Remap(CTS/PD3, RTS/PD4, TX/PD5, RX/PD6, CK/PD7)
[2] RW USART1_REMAP: USART1 remapping
This bit is set and cleared by software. It controls the mapping of USART1 TX and RX alter-
nate functions on the GPIO ports.
0: No remap(TX/PA9, RX/PA10)
1: Remap(TX/PB6, RX/PB7)
[11 RW I2C1_REMAP: 12C1 remapping
This bitis set and cleared by software. It controls the mapping of I2C1 SCL and SDA alternate
functions on the GPIO ports.
0: No remap(SCL/PB6, SDA/PB7)
1: Remap(SCL/PB8, SDA/PB9)
[0] RW SPI1_REMAP: SPI1 remapping

This bit is set and cleared by software. It controls the mapping of SPI1 NSS, SCK, MISO,
MOSI alternate functions on the GPIO ports

0: No remap(NSS/PA4, SCK/PA5, MISO/PA6, MOSI/PA7)

1: Remap(NSS/PA15, SCK/PB3, MISO/PB4, MOSI/PB5)

9.2.3 External interrupt configuration register 1 (AFIO_EXTICR1)

Register Address offset | Access | Reset value | Description
AFIO_EXTICR1 0x08 RW 0x0000_0000 | External interrupt configuration register 1
Ve i
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31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 1 | 10 | 9 | 8
EXTI3[3:0] EXTI2[3:0]
7 | 6 | 5 | 4 3 | 2 | 1 | 0
EXTI[3:0] EXTIO[3:0]

External interrupt configuration register 1(AFIO_EXTICR1)bit description

Bit Access | Description

[31:16] R Reserved, Must remain clear

[15:0] RW EXTIx[3:0]: EXTI x configuration (x =0 ~ 3)
0000: PA[X]
0001: PB[x]
0010: PC[x]
0011: PD[x]
0100: PE[x]

These bits are written by software to select the source input for EXTIx external interrupt.

9.2.4 External interrupt configuration register 2 (AFIO_EXTICR2)

Register Address offset | Access | Reset value | Description
AFIO_EXTICR2 0x0C RW 0x0000_0000 | External interrupt configuration register 2
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14| 13| 12 11 | 10 | 9 | 8
EXTI7[3:0] EXTI6[3:0]
7 | 6 | 5 | 4 3 | 2 | 1 | 0
EXTI5[3:0] EXTI4[3:0]

External interrupt configuration register 2(AFIO_EXTICR2)bit description

Bit Access | Description

[31:16] R Reserved, Must remain clear

[15:0] RW EXTIx[3:0]: EXTI x configuration (x =4 ~ 7)
0000: PA[X]
0001: PB[x]
0010: PC[x]
0011: PD[x]
0100: PE[x]

These bits are written by software to select the source input for EXTIx external interrupt.
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9.2.5 External interrupt configuration register 3 (AFIO_EXTICR3)

Register Address offset | Access | Reset value | Description
AFIO_EXTICR3 0x10 RW 0x0000_0000 | External interrupt configuration register 3
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 11 | 10 | 9 | 8
EXTIT1[3:0] EXTIT0[3:0]
7 | 6 | 5 | 4 3 | 2 | 1 | 0
EXTI9[3:0] EXTI8[3:0]

External interrupt configuration register 3(AFIO_EXTICR3)bit description

Bit Access | Description

[31:16] R Reserved, Must remain clear

[15:0] RW EXTIx[3:0]: EXTI x configuration (x =8 ~ 11)

0000: PA[X]
0001: PB[x]
0010: PC[x]
0011: PD[x]
0100: PE[x]

These bits are written by software to select the source input for EXTIX external interrupt.

9.2.6 External interrupt configuration register 4 (AFIO_EXTICR4)

Register Address offset | Access | Reset value | Description
AFIO_EXTICR4 0x14 RW 0x0000_0000 | External interrupt configuration register 4
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 11 | 10 | 9 | 8
EXTI15[3:0] EXTI14[3:0]
7 | 6 | 5 | 4 3 | 2 | 1 | 0
EXTI13[3:0] EXTI12[3:0]

External interrupt configuration register 4(AFIO_EXTICR3)bit description

Bit Access | Description

[31:16] R Reserved, Must remain clear

[15:0] RW EXTIx[3:0]: EXTI x configuration (x =12 ~ 15)

0000: PA[X]
0001: PB[x]
0010: PC[x]
0011: PD[x]
0100: PE[x]

These bits are written by software to select the source input for EXTIX external interrupt.
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10 Interrupts and events

10.1 Nested vectored interrupt controller(NVIC)

*+ 68 (not including the sixteen Cortex™-M3 interrupt lines)

* 16 programmable priority levels (4 bits of interrupt priority are used)
+ Low-latency exception and interrupt handling

+ Power management control

« Implementation of System Control Registers

The NVIC and the processor core interface are closely coupled, which enables low latency interrupt
processing and efficient processing of late arriving interrupts.

10.1.1 SysTick calibration value register

The SysTick calibration value is set to 9000, which gives a reference time base of 1 ms with the SysTick
clock set to 9 MHz (max HCLK/8).

10.1.2 Interrupt and exception vectors

Tab 10.1-1 GPIO configurations for device peripherals
sz
215
| & Ty.pe. of Acronym Description Address
priority
- - - - Reserved 0x0000_0000
- -3 | fixed Reset Reset 0x0000_0004
- -2 | fixed NMI Nonmaskable interrupt. The RCC Clock | 0x0000_0008
Security System (CSS) is linked to the NMI
vector.
- -1 | fixed HardFault All class of fault 0x0000_000C
- 0 settable MemManage Memory management 0x0000_0010
- 1 settable BusFault Prefetch fault, memory access fault 0x0000_0014
- 2 | settable UsageFault Undefined instruction or illegal state 0x0000_0018
- - - - Reserved 0x0000_001C
0x0000_0028
- 3 | settable Svcall System service call via SWI instruction 0x0000_002C
- 4 | settable Debug Monitor Debug monitor 0x0000_0030
- - - - Reserved 0x0000_0034
- 5 | settable PendSV Pendable request for system service 0x0000_0038
- 6 | settable SysTick Systick timer 0x0000_003C
0 | 7 | settable WWDG Window watchdog interrupt 0x0000_0040
1 8 | settable PVD PVD through EXTI Line detection inter- | 0x0000_0044
rupt
9 settable TAMPER Tamper interrupt 0x0000_0048
10 | settable RTC RTC global interrupt 0x0000_004C
4 11 | settable FLASH Flash global interrupt 0x0000_0050
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(Continuation)
sz
= | =
§ & Ty.pe‘ of Acronym Description Address
priority
5 12 | settable RCC RCC global interrupt 0x0000_0054
6 13 | settable EXTIO EXTI Line0 interrupt 0x0000_0058
7 14 | settable EXTIN EXTI Line1 interrupt 0x0000_005C
8 15 | settable EXTI2 EXTI Line2 interrupt 0x0000_0060
9 16 | settable EXTI3 EXTI Line3 interrupt 0x0000_0064
10 | 17 | settable EXTI4 EXTI Line4 interrupt 0x0000_0068
11 | 18 | settable DMA1_Channel1 DMAT1 Channel global interrupt 0x0000_006C
12 | 19 | settable DMA1_Channel2 DMAT1 Channel2 global interrupt 0x0000_0070
13 | 20 | settable DMA1_Channel3 DMAT1 Channel3 global interrupt 0x0000_0074
14 | 21 | settable DMA1_Channel4 DMAT1 Channel4 global interrupt 0x0000_0078
15 | 22 | settable DMA1_Channel5 DMAT1 Channel5 global interrupt 0x0000_007C
16 | 23 | settable DMA1_Channel6 DMAT1 Channel6 global interrupt 0x0000_0080
17 | 24 | settable DMA1_Channel7 DMAT1 Channel7 global interrupt 0x0000_0084
18 | 25 | settable ADC1_2 ADC1 and ADC2 global interrupt 0x0000_0088
19 | 26 | settable USB_DMA_CAN USB_DMA interrupt and CAN global inter- | 0x0000_008C
rupt
20 | 27 | settable usB USB global interrupts 0x0000_0090
21 | 28 | settable - Reserved 0x0000_0094
22 | 29 | settable - Reserved 0x0000_0098
23 | 30 | settable EXTI9_5 EXTI Line[9:5] interrupts 0x0000_009C
24 | 31 | settable TIM1_BRK TIM1 Break interrupt 0x0000_00AO0
25 | 32 | settable TIM1_UP TIM1 Update interrupt 0x0000_00A4
26 | 33 | settable TIM1_TRG_COM TIM1 Trigger and Commutation inter- | 0x0000_00A8
rupts
27 | 34 | settable TIM1_CC TIM1 Capture Compare interrupt 0x0000_00AC
28 | 35 | settable TIM2 TIM2 global interrupt 0x0000_00B0
29 | 36 | settable TIM3 TIM3 global interrupt 0x0000_00B4
30 | 37 | settable TIM4 TIM4 global interrupt 0x0000_00B8
31 | 38 | settable 12C1_EV I2C1 event interrupt 0x0000_00BC
32 | 39 | settable 12C1_ER I2C1 error interrupt 0x0000_00CO0
33 | 40 | settable 12C2_EV [2C2 event interrupt 0x0000_00C4
34 | 41 | settable 12C2_ER I2C2 error interrupt 0x0000_00C8
35 | 42 | settable SPIN SPI1 global interrupt 0x0000_00CC
36 | 43 | settable SPI2 SPI2 global interrupt 0x0000_00D0
37 | 44 | settable USART1 USART1 global interrupt 0x0000_00D4
38 | 45 | settable USART2 USART2 global interrupt 0x0000_00D8
39 | 46 | settable USART3 USART3 global interrupt 0x0000_00DC
40 | 47 | settable EXTI15_10 EXTI Line[15:10] interrupts 0x0000_00EO
41 | 48 | settable RTCAlarm RTC alarm through EXTI line interrupt 0x0000_00E4
42 | 49 | settable R Reserved 0x0000_0OES8
43 | 50 | settable TIM8_BRK TIM8 Break interrupt 0x0000_00EC
44 | 51 | settable TIM8_UP TIM8 Update 0x0000_00F0
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(Continuation)

s |2z
= | =
wn
‘= | Type of
£ | & y.p‘ Acronym Description Address
priority
45 | 52 | settable TIM8_TRG_COM TIM8 Trigger and Commutation inter- | 0x0000_00F4

rupts

46 | 53 | settable TIM8_CC

TIM8 Capture Compare interrupt

0x0000_00F8

47 | 54 | settable ADC3

ADC3 global interrupt

0x0000_00FC

48 | 55 | settable -

Reserved

0x0000_0100

49 | 56 | settable SDIO

SDIO global interrupt

0x0000_0104

50 | 57 | settable TIM5

TIMS5 global interrupt

0x0000_0108

51 | 58 | settable SPI3

SPI3 global interrupt

0x0000_010C

52 | 59 | settable UART4

UART4 global interrupt

0x0000_0110

53 | 60 | settable UART5

UARTS5 global interrupt

0x0000_0114

54 | 61 | settable TIM6

TIM6 global interrupt

0x0000_0118

55 | 62 | settable TIM7

TIM7 global interrupt

0x0000_011C

56 | 63 | settable DMA2_Channel1

DMA2 Channel1 global interrupt

0x0000_0120

57 | 64 | settable DMA2_Channel2

DMA2 Channel2 global interrupt

0x0000_0124

58 | 65 | settable DMA2_Channel3

DMA2 Channel3 global interrupt

0x0000_0128

59 | 66 | settable DMA2_Channel4_5

DMA2 Channel4 and DMA2 Channel5
global interrupts

0x0000_012C

60 | 67 | settable QSPI

DMA2 Channel5 global interrupts

0x0000_0130

61 | 68 | settable RNG

Random number generation module
global interrupt

0x0000_0134

62 | 69 | settable AES

AES global interrupts

0x0000_0138

63 | 70 | settable USART_EXTI

5 UART wake up interrupts through EXTI

0x0000_013C

10.2 External interrupt/event controller (EXTI)

19 edge detectors in MG32F157xx for generating event/interrupt requests. Each input line can be
independently configured to select the type (event or interrupt) and the corresponding trigger event
(rising or falling or both). Each line can also masked independently. A pending register maintains the
status line of the interrupt requests

10.2.1 Main features

The EXTI controller main features are the following:

+ Independent trigger and mask on each interrupt/event line

+ Dedicated status bit for each interrupt line

*+ Generation of up to 20 software event/interrupt requests

+ Detection of external signal with pulse width lower than APB2 clock period. Refer to the electrical
characteristics section of the datasheet for details on this parameter.

Z Y *megawin
| & &g

make you win

DocID 2157012 Rev 2.4 101/639



10 Interrupts and events MG32F157xx Reference Manual

10.2.2 Block diagram

Fig 10.2-1 External interrupt/event controller block diagram

| AMBA APB bus |

!

PCLK2 —P‘ Peripheral interface |
Y y A A
19 19 19 19 19
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request mask interrupt trigger teigger
register register event selection | | selection
register register register
To NVIC interrupt 19 19 19 19
controller
19

Input
<«~<—1 Pulse { G Edge detect 0 Line
19

19 generator —‘ 19 circuit

Event
mas
register

MG32F157xx is able to handle external or internal events in order to wake up the core (WFE). The
wakeup event can be generated either by:

* enabling an interrupt in the peripheral control register but not in the NVIC, and enabling the
SEVONPEND bit in the Cortex™-M3 System Control register. When the MCU resumes from WFE,
the peripheral interrupt pending bit and the peripheral NVIC IRQ channel pending bit (in the
NVIC interrupt clear pending register) have to be cleared.

+ or configuring an external or internal EXTI line in event mode. When the CPU resumes from WFE,
it is not necessary to clear the peripheral interrupt pending bit or the NVIC IRQ channel pending
bit as the pending bit corresponding to the event line is not set.

10.3 Generate interrupt

To generate the interrupt, the interrupt line should be configured and enabled. This is done by pro-
gramming the two trigger registers with the desired edge detection and by enabling the interrupt
request by writinga ‘1’ to the corresponding bit in the interrupt mask register. When the selected
edge occurs on the external interrupt line, an interrupt request is generated. The pending bit cor-
responding to the interrupt line is also set. This request is reset by writing a ‘1’ in the pending
register.
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Hardware interrupt selection

To configure the 24 lines as interrupt sources, use the following procedure:

« Configure the mask bits of the 24 Interrupt linesEXTI_IMR),

« Configure the Trigger Selection bits of the Interrupt lines (EXTI_RTSR #1 EXTI_FTSR),

+ Configure the enable and mask bits that control the NVIC IRQ channel mapped to the External
Interrupt Controller (EXTI) so that an interrupt coming from one of the 24 lines can be correctly
acknowledged.

Fig 10.3-1 External interrupt/event controller block diagram

| AMBA APB bus |

:

PCLK2 —}‘ Peripheral interface |
A A A
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Pending Interrupt | | Saftware Rising Falling
request mask interrupt trigger teigger
register register event selection selection
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10.3.1 Wakeup event management

MG32F157xx is able to handle external or internal events in order to wake up the core (WFE). The
wakeup event can be generated either by:

+ enabling an interrupt in the peripheral control register but not in the NVIC, and enabling the
SEVONPEND bit in the Cortex™-M3 System Control register. When the MCU resumes from WFE,
the peripheral interrupt pending bit and the peripheral NVIC IRQ channel pending bit (in the
NVIC interrupt clear pending register) have to be cleared.

+ or configuring an external or internal EXTI line in event mode. When the CPU resumes from WFE,
it is not necessary to clear the peripheral interrupt pending bit or the NVIC IRQ channel pending
bit as the pending bit corresponding to the event line is not set.
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10.3.2 Functional description

To generate the interrupt, the interrupt line should be configured and enabled. This is done by pro-
gramming the two trigger registers with the desired edge detection and by enabling the interrupt
request by writinga ‘1’ to the corresponding bit in the interrupt mask register. When the selected
edge occurs on the external interrupt line, an interrupt request is generated. The pending bit cor-
responding to the interrupt line is also set. This request is reset by writing a ‘1’ in the pending
register.

To generate the event, the event line should be configured and enabled. This is done by programming
the two trigger registers with the desired edge detection and by enabling the event request by writing
a ‘1’ tothe corresponding bit in the event mask register. When the selected edge occurs on the event
line, an event pulse is generated. The pending bit corresponding to the event line is not set

An interrupt/event request can also be generated by software by writinga ‘1’ in the software inter-

rupt/event register.

Hardware interrupt selection

To configure the 20 lines as interrupt sources, use the following procedure:

+ Configure the mask bits of the 20 Interrupt lines (EXTI_IMR)

+ Configure the Trigger Selection bits of the Interrupt lines (EXTI_RTSR and EXTI_FTSR)

+ Configure the enable and mask bits that control the NVIC IRQ channel mapped to the External
Interrupt Controller (EXTI) so that an interrupt coming from one of the 20 lines can be correctly
acknowledged.

Hardware event selection

To configure the 20 lines as event sources, use the following procedure:

+ Configure the mask bits of the 20 Event lines (EXTI_EMR)
+ Configure the Trigger Selection bits of the Event lines (EXTI_RTSR and EXTI_FTSR)

Software interrupt/event selection

The 20 lines can be configured as software interrupt/event lines. The following is the procedure to
generate a software interrupt.

+ Configure the mask bits of the 20 Interrupt/Event lines (EXTI_IMR, EXTI_EMR)
+ Set the required bit of the software interrupt register (EXTI_SWIER)

10.3.3 External interrupt/event line mapping

The 112 GPIOs are connected to the 16 external interrupt/event lines in the following manner:
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Fig 10.3-2 External interrupt/event GPIO mapping

EXTIO[3:0] bits in AFIO_EXTICR1 register

PAO O————»
PBO O———>
pco O——|
PDO O———»|
PEQ O——

PFO OF——>
PGO O——

}

EXTIO

EXTI1[3:0] bits in AFIO_EXTICR1 register

PA1 O——»
pB1 O——>
pPC1 O——|
PD1 O——|
PE1 O——

PF1 O——
PGl O——

}

EXTI

EXTI15[3:0] bits in AFIO_EXTICR4 register

PA15S O———»|
PB15 O———
pc15 O————»
PD15 O——»
PE15s O——

PF15 O———
PG15 O——

}

EXTI15

Note: To configure the AFIO_EXTICRx for the mapping of external interrupt/event lines onto GPIOs, the AFIO clock should

first be enabled.

The two other EXTI lines are connected as follows:

« EXTI line 16 is connected to the PVD output

« EXTI line 17 is connected to the RTC Alarm event

Z Y *megawin
| & &g
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10.4 EXTI Register

Tab 10.4-1 EXTI register map
offset ‘ Register Reset value Description
EXTI: EXTI_BA = 0x4001_0400
0x00 EXTI_IMR 0x0000_0000 Interrupt mask register
0x04 EXTI_EMR 0x0000_0000 Event mask register
0x08 EXTI_RTSR 0x0000_0000 Rising trigger selection register
0x0C EXTL_FTSR 0x0000_0000 | Falling trigger selection register
0x10 EXTI_SWIER 0x0000_0000 | Software interrupt event register
0x14 EXTI_PR 0x0000_0000 Pending register

10.4.1 Interrupt mask register(EXTI_IMR)

Register | Address offset | Access | Reset value | Description
EXTI_IMR 0x00 RW 0x0000_0000 | Interrupt mask register
31 | 30 29 | 28 | 27 26 25 24
Reserved
23 | 22 | 21 | 20 | 19 18 17 16
Reserved MR18 MR17 MR16
15 14 13 12 11 10 5 8
MR15 MR14 MR13 MR12 MR11 MR10 MR9 MR8
7 6 5 4 3 2 1 0
MR7 MR6 MR5 MR4 MR3 MR2 MR1 MRO
Interrupt mask register(EXTI_IMR)bit description
Bit Access | Description
[31:19] R Reserved, must be kept at reset value (0)
[18:0] RW MRx[18:0]: Interrupt Mask on line x
0: Interrupt request from Line x is masked
1: Interrupt request from Line x is not masked
10.4.2 Event mask register(EXTI_EMR)
Register | Address offset | Access | Reset value | Description
EXTI_EMR 0x04 RW 0x0000_0000 | Event mask register
31 | 30 | 29 | 28 | 27 26 25 24
Reserved
23 | 22 | 21 | 20 | 19 18 17 16
Reserved MR18 MR17 MR16
15 14 13 12 11 10 9 8
MR15 MR14 MR13 MR12 MR11 MR10 MR9 MR8
7 6 5 4 3 2 1 0
MR7 MR6 MR5 MR4 MR3 MR2 MR1 MRO
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Event mask register(EXTI_EMR)bit description

Bit Access | Description
[31:19] R Reserved, must remain clear
[18:0] RW MRx[18:0]: Event Mask on line x

0: Eventrequest from Line x is masked
1: Event request from Line x is not masked

10.4.3 Rising trigger selection register(EXTI_RTSR)

Register | Address offset | Access | Reset value | Description
EXTI_RTSR 0x08 RW 0x0000_0000 | Rising trigger selection register
31 | 30 | 29 | 28 | 27 26 25 24
Reserved
23 | 22 | 21 | 20 | 19 18 17 16
Reserved TR18 TR17 TR16
15 14 13 12 11 10 9 8
TR15 TR14 TR13 TR12 TR11 TR10 TR9 TR8
7 6 5 4 3 2 1 0
TR7 TR6 TR5 TR4 TR3 TR2 TR1 TRO
Rising trigger selection register(EXTI_RTSR)bit description
Bit Access | Description
[31:19] R Reserved, must be kept at reset value (0)
[18:0] RW TRx[18:0]: Rising trigger event configuration bit of line x
0: Rising trigger disabled (for Event and Interrupt) for input line
1: Rising trigger enabled (for Event and Interrupt) for input line

Note: The external wakeup lines are edge triggered, no glitches must be generated on these lines. If a rising edge on external

interrupt line occurs during writing of EXTL_RTSR register, the pending bit will not be set.Rising and Falling edge triggers can

be set for the same interrupt line. In this configuration, both generate a trigger condition.

10.4.4 Falling trigger selection register (EXTI_FTSR)

Register | Address offset | Access | Reset value | Description
EXTI_FTSR 0x0C RW 0x0000_0000 | Falling trigger selection register
31 | 30 | 29 | 28 | 27 26 25 24
Reserved
23 | 22 | 21 | 20 | 19 18 17 16
Reserved TR18 TR17 TR16
15 14 13 12 11 10 9 8
TR15 TR14 TR13 TR12 TR11 TR10 TR9 TR8
7 6 5 4 3 2 1 0
TR7 TR6 TR5 TR4 TR3 TR2 TR1 TRO
Falling trigger selection register (EXTI_FTSR)bit description
Bit ‘ Access | Description
Va4 H
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[31:19] R Reserved, must be kept at reset value (0)
[18:0] RW TRx[18:0]: Falling trigger event configuration bit of line x

1:

0: Falling trigger disabled (for Event and Interrupt) for input line
Falling trigger enabled (for Event and Interrupt) for input line.

Note: The external wakeup lines are edge triggered, no glitches must be generated on these lines. If a falling edge on external
interrupt line occurs during writing of EXTL_FTSR register, the pending bit will not be set.Rising and Falling edge triggers can

be set for the same interrupt line. In this configuration, both generate a trigger condition.

10.4.5 Software interrupt event register(EXTI_SWIER)

If the interrupt is enabled on this line in the EXTI_IMR, writing a "1’ to this bit when it is
set to ‘0’ sets the corresponding pending bit in EXTI_PR resulting in an interrupt request
generation.This bit is cleared by clearing the corresponding bit of EXTI_PR (by writing a 1

into the bit).

Register Address offset | Access | Resetvalue | Description
EXTI_SWIER 0x10 RW 0x0000_0000 | Software interrupt event register
31 | 30 | 29 | 28 | 27 26 25 24
Reserved
23 | 22 | 21 | 20 | 19 18 17 16
Reserved SWIER18 SWIER17 SWIER16
15 14 13 12 11 10 9 8
SWIER15 SWIER14 SWIER13 SWIER12 SWIER11 SWIER10 SWIER9 SWIER8
7 6 5 4 3 2 1 0
SWIER7 SWIER6 SWIER5 SWIER4 SWIER3 SWIER2 SWIER1 SWIERO
Software interrupt event register(EXTI_SWIER)bit description
Bit Access | Description
[31:19] R Reserved, must be kept at reset value (0).
[18:0] RW SWIERX[18:0]: Software interrupt on line x

10.4.6 Pending register(EXTI_PR)

Register | Address offset | Access | Reset value | Description
EXTI_PR 0x14 RW 0x0000_0000 | Pending register
31 | 30 | 29 | 28 | 27 26 25 24
Reserved
23 | 22 | 21 | 20 | 19 18 17 16
Reserved PR18 PR17 PR16
15 14 13 12 11 10 5 8
PR15 PR14 PR13 PR12 PR11 PR10 PR9 PR8
7 6 5 4 3 2 1 0
PR7 PR6 PR5 PR4 PR3 PR2 PR1 PRO
Pending register(EXTI_PR)bit description
Va4 H
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Bit Access | Description
[31:19] R Reserved, must be kept at reset value (0)
[18:0] RC W1 PRx[18:0]: Pending bit
0: No trigger request occurred
1: selected trigger request occurred
This bit is set when the selected edge event arrives on the external interrupt line. This bit

is cleared by writinga ‘1’ into the bit.
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11 Analog-to-digital converter (ADC)
11.1 ADC introduction

The 12-bit ADC is a successive approximation analog-to-digital converter. It has up to 18 multiplexed
channels allowing it measure signals from sixteen external and two 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 high or low thresholds.The ADC input clock is generated from the PCLK2 clock divided
by a prescaler and it must not exceed 16 MHz

11.2 ADC main features

* 12-bit resolution
* Interrupt generation at End of Conversion, End of Injected conversion and Analog watchdog
event
* Single and continuous conversion modes
« Scan mode for automatic conversion of channel 0 to channel ‘n’
+ Self-calibration
+ Data alignment with in-built data coherency
« Channel by channel programmable sampling time
« External trigger option for both regular and injected conversion
+ Discontinuous mode
» Dual mode (on devices with 2 ADCs or more)
+ ADC conversion time
- 1us at 96MHz (The pre-division multiple is 6, the ADC clock is 16MHz, 4 sampling cycles plus
12 conversion cycles)
« ADC supply requirement: 2.4V to 3.6V
« ADCinput range: Veer— < VIN < Ve
« DMA request generation during regular channel conversion
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Fig 11.2-1 ADC block diagram
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1. ADC3 has regular and injected conversion triggers different from those of ADC1 and ADC2.
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11.3 ADC Pins

Tab 11.3-1 ADC Pins Description

Name Signal type Remarks

VREF+ Input, analog reference positive higher/positive reference voltage for ADC, 2.4V < Vgery < Vopa
VREF- Input, analog reference negative lower/negative reference voltage for ADC, Vggr— = Vssa

VDDA Input, analog supply Analog supply, 2.4V < Vppa = Vpp < 3.6V

VSSA Input, analog supply ground Analog supply ground, Vssa = Vsg

ADCx_IN[15:0] Analog signals Up to 21 analog channels

[11 VDDA and VSSA have to be connected to VDD and VSS, respectively.

11.4 ADC Function Description
11.4.1 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.Conversion starts when ADON bit
is set for a second time by software after ADC power-up time (tstag).

The conversion can be stopped, and the ADC put in power down mode by resetting the ADON bit. In
this mode the ADC consumes almost no power (only a few pA).

11.4.2 ADC clock

The ADCCLK clock provided by the Clock Controller is synchronous with the PCLK2 (APB2 clock). The
RCC controller has a dedicated programmable prescaler for the ADC clock, refer to Section?/

11.4.3 Channel selection

There are 16 multiplexed channels. It is possible to organize the conversions in two groups: regular
and injected. 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, Cho, Ch2, Ch2, Ch15.

* 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 L[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.
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Temperature sensor / Vrernt internal channels

The Temperature sensor is connected to channel ADCx_IN16 and the internal reference voltage Vgernt
is connected to ADCx_IN17. These two internal channels can be selected and converted as injected
or regular channels. Note: The sensor and Verint are only available on the master ADC1 peripheral.

11.4.4 Single conversion mode

In Single conversion mode the ADC does one conversion. This mode is started either by setting the
ADON bit in the ADC_CR2 register (for a regular channel only) or by external trigger (for a regular or
injected channel), while the CONT bit is 0.

Once the conversion of the selected channel is complete:

« If a reqular channel was converted:
- The converted data is stored in the 16-bit ADC_DR register
- The EOC (End Of Conversion) flag is set
- and an interrupt is generated if the EOCIE is set.

« If an injected channel was converted:
- The converted data is stored in the 16-bit ADC_DRJ1 register
- The JEOC (End Of Conversion Injected) flag is set
- and an interrupt is generated if the JEOCIE bit is set.

The ADC is then stopped.

11.4.5 Continuous conversion mode

In continuous conversion mode ADC starts another conversion as soon as it finishes one. This mode is
started either by external trigger or by setting the ADON bit in the ADC_CR2 register, while the CONT
bit is 1.

After each conversion:

« If a reqular channel was converted:
- The converted data is stored in the 16-bit ADC_DR register
- The EOC (End Of Conversion) flag is set,
- An interrupt is generated if the EOCIE is set
« If an injected channel was converted:
- The converted data is stored in the 16-bit ADC_DRJ1 register
- The JEOC (End Of Conversion Injected) flag is set
- Aninterrupt is generated if the JEOCIE bit is set.

11.4.6 ADC Timing diagram

The ADC needs a stabilization time of tsrag before it starts converting accurately. After the start of ADC
conversion and after 14 clock cycles, the EOC flag is set and the 16-bit ADC Data register contains the
result of the conversion.
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Fig 11.4-1 ADC Timing diagram
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11.4.7 Analog watchdog

The AWD analog watchdog status bit is set if the analog voltage converted by the ADC is below a low
threshold or above a high threshold. These thresholds are programmed in the 12 least significant bits
of the ADC_HTR and ADC_LTR 16-bit registers. An interrupt can be enabled by using the AWDIE bit in
the ADC_CR1 register.

The threshold value isindependent of the alignment selected by the ALIGN bit in the ADC_CR2 register.
The comparison is done before the alignment.

The analog watchdog can be enabled on one or more channels by configuring the ADC_CR1 register
Fig 11.4-2 Analog watchdog guarded area
Analog voltage

Higher threshold

Guarded area

LTR

Lower threshold

Tab 11.4-1 Analog watchdog channel selection

ADC_CR1 register control bits
AWDSGL AWDEN JAWDEN

Channels to be guarded by analog watchdog

None Arbitrary 0 1
All injected channels 0 0 1
All regular channels 0 1 0
All regular and injected channels 0 1 1
Single!" injected channel 1 0 1
Single!" regular channel 1 1 0
Single!" regular or injected channel 1 1 1

[1] Selected by AWDCH[4:0] bits
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11.4.8 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_CR1 register. Once this bit is set, ADC
scans all the channels selected in the ADC_SQRXx 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.

When using scan mode, DMA bit must be set and the direct memory access controller is used to
transfer the converted data of regular group channels to SRAM after each update of the ADC_DR
register. The injected channel converted data is always stored in the ADC_JDRX registers

11.4.9 Injected channel management
Triggered injection

To use triggered injection, the JAUTO bit must be cleared and SCAN bit must be set in the ADC_CR1
register.

1. Start conversion of a group of regular channels either by external trigger or by setting the ADON
bit in the ADC_CR2 register.

2. 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 Scan once mode.Then, the
regular group channel conversion is resumed from the last interrupted regular conversion.

3. If a regular event occurs during an injected conversion, it doesn’ t interrupt it but the regular
sequence is executed at the end of the injected sequence.

Note: When using triggered injection, the interval between trigger events must be longer than the injection sequence. For
instance, if the sequence length is 16 ADC clock cycles (That is 4 sampling clock cycles plus 12 conversion cycles), the minimum

interval between triggers must be 17 ADC clock cycles.
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.

For ADC clock prescalers ranging from 4 to 8, a delay of 1 ADC clock period is automatically inserted
when switching from regular to injected sequence (respectively injected to regular). When the ADC
clock prescaler is set to 2, the delay is 2 ADC clock periods.

Note: It s not possible to use both auto-injected and discontinuous modes simultaneously.
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Fig 11.4-3 Injected conversion latency

ADCCLK | I
Injection event : |_| I
Reset ADC :
Neo ; ;

max latency

Note: The maximum latency value can be found in the electrical characteristics of the datasheets.

11.4.10 Discontinuous mode
Regular group

This mode is enabled by setting the DISCEN bit in the ADC_CR1 register. It can be used to convert a
short sequence of n conversions (n <=8) which is a part of the sequence of conversions selected in the
ADC_SQRx 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_SQR1 register.

Example: n =3, channels to be converted=0, 1, 2,3,6,7,9, 10

« first trigger: sequence converted 0, 1, 2. An EOC event is generated at each conversion

+ second trigger: sequence converted 3, 6, 7. An EOC event is generated at each conversion
« third trigger: sequence converted 9, 10. An EOC event is generated at each conversion

« fourth trigger: sequence converted 0, 1, 2. An EOC event is generated at each conversion

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.

Injected group

This mode is enabled by setting the JDISCEN bit in the ADC_CR1 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
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« first trigger: channel 1 converted and JEOC events generated

+ second trigger: channel 2 converted and JEOC events generated
+ third trigger: channel 3 converted and JEOC events generated

+ fourth trigger: channel 1 and JEOC events generated

Note:

1. When all injected channels are converted, the next trigger starts the conversion of the first injected channel. In the example
above, the fourth trigger reconverts the first injected channel 1.

2. It is not possible to use both auto-injected and discontinuous modes simultaneously.

3. The user must avoid setting discontinuous mode for both regular and injected groups together. Discontinuous mode must

be enabled only for one group conversion.

11.5 Data alignhment

ALIGN bit in the ADC_CR2 register selects the alignment of data stored after conversion. Data can be
left or right aligned as shown in Tab:11.5-2 and Tab:11.5-1.

The injected group channels converted data value is decreased by the user-defined offset written in
the ADC_JOFRXx registers so the result can be a negative value. The SEXT bit is the extended sign value.

For regular group channels no offset is subtracted so only twelve bits are significant.

Tab 11.5-1 Right alignment of data

Injected group
SEXT | SEXT | SEXT | SEXT| D11 [ D10 | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

Regular group
o | o] o] o |p11|po| D9 | b8 | D7 | D6 | D5 | D4 | D3| D2]| D1 | DO

Tab 11.5-2 Left alignment of data

Injected group

SEXT| D11 | D10 | D9 | D8 | b7 | D6 | D5 | D4 | D3 [ D2 | D1 [ DO | 0 | 0 | O
Regular group

D11 [ D10| D9 | D8 | D7 | D6 | DS [ D4 [ D3 [ D2 [ D1 [ DO | 0 [ 0 | 0 | 0

11.6 Channel-by-channel programmable sample time

ADC samples the input voltage for a number of ADC_CLK cycles which can be modified us- ing the
SMP[2:0] bits in the ADC_SMPR1 and ADC_SMPR2 registers. Each channel can be sampled with a
different sample time.

The total conversion time is calculated as follows:
T_CONV = Sampling time + 12 cycles
Example:

Fapc cik = 16MHz, and a sampling time of 4 cycles,
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Tconv=4+12 =16 cycles = 1ps
11.7 Conversion on external trigger

Conversion can be triggered by an external event (e.g. timer capture, EXTI line). If the EXT- TRIG con-
trol bit is set then external events are able to trigger a conversion. The EXT- SEL[2:0] and JEXTSEL[2:0]
control bits allow the application to select decide which out of 8 possible events can trigger conversion
for the reqular and injected groups.

Note: When an external trigger is selected for ADC reqular or injected conversion, only the rising edge of the signal can start

the conversion.

Tab 11.7-1 External trigger for regular channels for ADC1 and ADC2

Source Type EXTSEL[2:0]
TIM1_CC1 event 000
TIM1_CC2 event 001
TIM1_CC3 event Internal signal from on-chip timers 010
TIM2_CC2 event 011
TIM3_TRGO event 100
TIM4_CC4 event 101
. External pin/Internal signal from on-
EXTI line11/TIM8_TRGOevent!! o 110
chip timers
SWSTART Software control bit 111

Note: The selection of the external trigger EXTI line11 or TIM8_TRGO event for regular channels is done through configuration
bits ADC1_ETRGREG_REMAP and ADC2_ETRGREG_REMAP for ADC1 and ADC2, respectively.

Tab 11.7-2 External trigger for injected channels for ADC1 and ADC2

Source Type JEXTSEL[2:0]
TIM1_TRGO event 000
TIM1_CC4 event 001
TIM2_TRGO event Internal signal from on-chip timers 010
TIM2_CC1 event 011
TIM3_CC4 event 100
TIM4_TRGO event 101
) External pin/Internal signal from on-
EXTI line 15/TIM8_CC4 event!!! L 110
chip timers
JSWSTART Software control bit 111

Note: The selection of the external trigger EXTI line15 or TIM8_CC4 event for injected channels is done through configuration
bits ADC1_ETRGINJ_REMAP and ADC2_ETRGIN|_REMAP for ADC1 and ADC2, respectively.
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Tab 11.7-3 External trigger for regular channels for ADC3

Source Type EXTSEL[2:0]
TIM3_CC1 event 000
TIM2_CC3 event 001
TIM1_CC3 event 010

Internal signal from on-chip timers

TIM8_CC1 event 011
TIM8_TRGO event 100
TIM5_CC1 event 101
TIM5_CC3 event 110
SWSTART Software control bit 111
Tab 11.7-4 External trigger for injected channels for ADC3
Source Type JEXTSEL[2:0]
TIM1_TRGO event 000
TIM1_CC4 event 001
TIM4_CC3 event . L 010
Internal signal from on-chip timers
TIM8_CC2 event 011
TIM8_CC4 event 100
TIM5_TRGO event 101
TIM5_CC4 event 110
JSWSTART Software control bit 111

The software source trigger events can be generated by setting a bit in a register(SWSTART and JSW-
START in ADC_CR2). A regular group conversion can be interrupted by an injected trigger.

11.8 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.

Note: Only ADC1 and ADC3 have this DMA capability. ADC2-converted data can be transferred in dual ADC mode using DMA
thanks to master ADCT.

11.9 Dual ADC mode

In devices with two ADCs or more, dual ADC mode can be used (see Figure 11.9-1).

In dual ADC mode the start of conversion is triggered alternately or simultaneously by the ADC1 mas-
ter to the ADC2 slave, depending on the mode selected by the DUALMODI3:0] bits in the ADC1_CR1
register.

Note: In dual mode, when configuring conversion to be triggered by an external event, the user must set the trigger for the

master only and set a software trigger for the slave to prevent spurious triggers to start unwanted slave conversion. However,
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external triggers must be enabled on both master and slave ADCs.
The following six possible modes are implemented:

* Injected simultaneous mode
* Regular simultaneous mode
* Fast interleaved mode

* Slow interleaved mode

* Alternate trigger mode

+ Independent mode

It is also possible to use the previous modes combined in the following ways:

+ Injected simultaneous mode + Regular simultaneous mode
+ Regular simultaneous mode + Alternate trigger mode
* Injected simultaneous mode + Interleaved mode

Note: In dual ADC mode, to read the slave converted data on the master data register, the DMA bit must be enabled even if

it is not used to transfer converted regular channel data.
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Fig 11.9-1 Dual ADC block diagram
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L
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Start trigger mux
(regular group) ]
EXTI_15[C]
Start trigger mux |
(injected group) :

1. External triggers are present on ADC2 but are not shown for the purposes of this diagram.

2. Insome dual ADC modes, the ADC1 data register (ADC1_DR) contains both ADC1 and ADC2 regular converted data over
the entire 32 bits.

11.9.1 Injected simultaneous mode

This mode converts an injected channel group. The source of external trigger comes from the injected
group mux of ADC1 (selected by the JEXTSEL[2:0] bits in the ADC1_CR2 register). A simultaneous trig-
ger is provided to ADC2. Note: Do not convert the same channel on the two ADCs (no overlapping sampling times for

the two ADCs when converting the same channel).

At the end of conversion event on ADC1 or ADC2:
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* The converted data is stored in the ADC_JDRx registers of each ADC interface.
« AnJEOC interruptis generated (if enabled on one of the two ADC interfaces) when the ADC1/ADC2
injected channels are all converted.

Note: In Injected simultaneous mode, the conversion sequence must be the same length, or the trigger interval must be
longer than the longer sequence of the two sequences. Otherwise, the conversion of the shorter sequence may be restarted

when the conversion of the longer sequence is not completed.

Fig 11.9-2 Injected simultaneous mode on 4 channels

:| Sampling
Conversion
ADC2 CHO CHA1 CH2 CH3
ADC1 CH3 CH2 CH1 CHO
Trigger End of injected conversion on ADC1 and ADC2

11.9.2 Regular simultaneous mode

his mode is performed on a regular channel group. The source of the external trigger comes from
the regular group mux of ADC1 (selected by the EXTSEL[2:0] bits in the ADC1_CR2 register). A simul-
taneous trigger is provided to the ADC2.

Note: Do not convert the same channel on the two ADCs (no overlapping sampling times for the two ADCs when converting

the same channel).
At the end of conversion event on ADC1 or ADC2:

* A 32-bit DMA transfer request is generated (if DMA bit is set) which transfers to SRAM the
ADC1_DR 32-bitregister containing the ADC2 converted data in the upper halfword and the ADC1
converted data in the lower halfword.

+ An EOC interrupt is generated (if enabled on one of the two ADC interfaces) when ADC1/ADC2
regular channels are all converted.

Note: In Regular simultaneous mode, the conversion sequence must be the same length, or the trigger interval must be
longer than the longer sequence of the two sequences. Otherwise, the conversion of the shorter sequence may be restarted

when the conversion of the longer sequence is not completed.

Fig 11.9-3 Regular simultaneous mode on 16 channels

j Sampling
:l Conversion
ADCA1 CHO CH1 CH2 CH3 | === CH15
ADC2 CH15 CH14 CH13 CH12| === CHO
Trigger End of conversion on ADC1 and ADC2
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11.9.3 Fast interleaved mode

This mode can be started only on a regular channel group (usually one channel). The source of exter-
nal trigger comes from the regular channel mux of ADC1. After an external trigger occurs:

« ADC2 starts immediately
« ADC1 starts after a delay of 7 ADC clock cycles

After an EOC interrupt is generated by ADC1 (if enabled through the EOCIE bit) a 32-bit DMA trans-
fer request is generated (if the DMA bit is set) which transfers to SRAM the ADC1_DR 32-bit register
containing the ADC2 converted data in the upper halfword and the ADC1 converted data in the lower
halfword.

Note: The maximum sampling time allowed is <7 ADCCLK cycles to avoid the overlap sampling phases

Fig 11.9-4 Fast interleaved mode on 1 channel in continuous conversion mode

End of conversion on ADC2 D Sampling

Apc2 | |cHo | [ Tcro I:lConversion
oot o]

i End of conversion on ADC1

>

7 ADCCLK
cycles

11.9.4 Slow interleaved mode

This mode can be started only on a regular channel group (only one channel). The source of external
trigger comes from regular channel mux of ADC1. After external trigger occurs:

« ADC2 starts immediately
+ ADC1 starts after a delay of 14 ADC clock cycles
« ADC2 starts after a second delay of 14 ADC cycles, and so on

After an EOC interrupt is generated by ADC1 (if enabled through the EOCIE bit) a 32-bit DMA trans-
fer request is generated (if the DMA bit is set) which transfers to SRAM the ADC1_DR 32-bit register
containing the ADC2 converted data in the upper halfword and the ADC1 converted data in the lower
halfword.

A new ADC2 start is automatically generated after 28 ADC clock cycles
CONT bit can not be set in the mode since it continuously converts the selected regular channel.

Note: The maximum sampling time allowed is <14 ADCCLK cycles to avoid an overlap with the next conversion.The application

must ensure that no external trigger for injected channel occurs when interleaved mode is enabled.
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Fig 11.9-5 Slow interleaved mode on 1 channel

End of conversion on ADC2 |:| Sampling
|:|Conversion
ADC2 | [ cho | [ T cHo |
ADC1 [ T cHo [[ T cHo ]
A
Trigger | | End of conversion on ADC1
|<—N |
|14 ADCCLK
cycles |
| 28 ADCCLK
cycles !

11.9.5 Alternate trigger mode

This mode can be started only on an injected channel group. The source of external trigger comes
from the injected group mux of ADCI1.

« When the first trigger occurs, all injected group channels in ADC1 are converted.
+ When the second trigger arrives, all injected group channels in ADC2 are converted
* and so on.

A JEOC interrupt, if enabled, is generated after all injected group channels of ADC1 are converted.
A JEOC interrupt, if enabled, is generated after all injected group channels of ADC2 are converted.

If another external trigger occurs after all injected group channels have been converted then the
alternate trigger process restarts by converting ADC1 injected group channels.

Fig 11.9-6 Alternate trigger: injected channel group of each ADC

1%t trigger 3"trigger n"trigger I:I Sampling
[ Conversion
JEOC on ADC1 JEOC on ADC1
Abc1 [ [ 1
ADC2 [ [ [
JEOC on ADC2 /\ JEOC on ADC2 /\
2" trigger 4" trigger (n+1)" trigger

If the injected discontinuous mode is enabled for both ADC1 and ADC2:

* When the first trigger occurs, the first injected channel in ADC1 is converted
« When the second trigger arrives, the first injected channel in ADC2 are converted
+ and so on...

A JEOC interrupt, if enabled, is generated after all injected group channels of ADC1 are converted.

A JEOC interrupt, if enabled, is generated after all injected group channels of ADC2 are converted.
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If another external trigger occurs after all injected group channels have been converted then the
alternate trigger process restarts.

Fig 11.9-7 Alternate trigger: injected channels (each ADC) in discontinuous model

first trigger third trigger 5th trigger 7th trigger :l Sampling
\ JEOC on ADC1 :l Conversion
apct [ [ | L1 LT ] LT ]
ADC2 [T ] [ ] | [ | D:IN
/ / / / JEOC on ADC2
second trigger fourth trigger 6th trigger 8th trigger

11.9.6 Independent mode

In this mode the dual ADC synchronization is bypassed and each ADC interfaces works independently.

11.9.7 Combined regular/injected simultaneous mode

Itis possible to interrupt simultaneous conversion of a reqular group to start simultaneous conversion
of an injected group.

Note: In combined regular/injected simultaneous mode, exactly the same sampling time should be configured for the two

channels that will be sampled simultaneously by ACD1 and ADC2.

11.9.8 Combined regular simultaneous + alternate trigger mode

Itis possible to interrupt regular group simultaneous conversion to start alternate trigger conversion
of an injected group.

The injected alternate conversion is immediately started after the injected event arrives. If regular
conversion is already running, in order to ensure synchronization after the injected conversion, the
regular conversion of both (master/slave) ADCs is stopped and resumed synchronously at the end of
the injected conversion.

Note: In combined regular simultaneous + alternate trigger mode, exactly the same sampling time should be configured
for the two channels.Or ensure that the firing interval is longer than the longer of the two sequences, otherwise the ADC

conversion with the shorter sequence may be restarted when the conversion of the longer sequence is not complete
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Fig 11.9-8 Alternate + Regular simultaneous

15t trigger Samping |:|
Conversion [

ADC1reg ! ; L ! ! !
ADC1 ir% [JcHo || cht | ] ch2 | | cv2 || cH3 | [ ] ci3 || cHa |

1 1 ! C|'||O | 1 1

1 1 ! | | 1 1

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1
A/E’Dcczzrfr% [Tcs Tl cws [T cve | [Tewe [T cvv 1 [T w7 TT cns

: : I Lo v [T cro ] :

2" trigger

If a trigger occurs during an injected conversion that has interrupted a regular conversion, it will be

ignored.
Fig 11.9-9 Case of trigger occurring during injected conversion
15 trigger 4" trigger Samping []
+ Conversion [ ]
ADC1reg : ' T ' ' '
ADC1 ir% [JcHo || cHr || cH2 | | cv2 | ] en3 | [ ] cn3 || cHa |
S e R
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
Afgczzrfr% [Tz [T s [T ewe | [[cve [T cvz7 ] [ vz T cns
: : : L B N <o | |
2" trigger 3"trigger

11.9.9 Combined injected simultaneous + interleaved

Itis possible to interrupt an interleaved conversion with an injected event. In this case the interleaved
conversion is interrupted and the injected conversion starts, at the end of the injected sequence the
interleaved conversion is resumed.

Note: When the ADC clock prescaler is set to 4, the interleaved mode does not recover with evenly spaced sampling periods:
the sampling interval is 8 ADC clock periods followed by 6 ADC clock periods, instead of 7 clock periods followed by 7 clock

periods.
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Fig 11.9-10 Interleaved single channel interrupted by injected sequence

:| Sampling
ADCT [T cHo T T cHo [T cHo | [ ] conversion
ADC2 [ [ cHo [ [ cHo [ [ cHo |
[ ] cH11t [ [ cH12 |
mgger T o2 T [ chir |
[T cHo [ [ cHo |
[T cHo [T cHo |

11.9.10 Temperature sensor

The temperature sensor can be used to measure the ambient temperature (T,) of the device.

The temperature sensor is internally connected to the ADCx_IN16 input channel which is used to
convert the sensor output voltage into a digital value. The recommended sampling time for the tem-
perature sensor is 17.1 ps.

The block diagram of the temperature sensor is shown in Figure 11.9-11.
When not in use, this sensor can be put in power down mode

Note: The TSVREFE bit must be set to enable both internal channels: ADCx_IN16 (temperature sensor) and ADCx_IN17
(VREFINT) conversion.

The temperature sensor output voltage changes linearly with temperature. The offset of this line
varies from chip to chip due to process variation (up to 45 °C from one chip to another).

The internal temperature sensor is more suited to applications that detect temperature variations
instead of absolute temperatures. If accurate temperature readings are needed, an external temper-
ature sensor part should be used.

Fig 11.9-11 Temperature sensor and Vgeant channel block diagram

TSVREFE control bit

Temperature Vsense ]
sensor p| ADC_IN18
converted | 3
apct | data §
V RerInT 3
Internal p| ADC1_IN17 <
power block -
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Reading the temperature

1. Select the ADCx_IN16 input channel.

2. Select a sample time of 17.1 ps

3. Set the TSVREFE bit in the ADC control register 2 (ADC_CR2) to wake up the temperature sensor
from power down mode.

4. Start the ADC conversion by setting the ADON bit (or by external trigger).

5. Read the resulting Vsgnse data in the ADC data register

6. Obtain the temperature using the following formula:
Temperature (in °C) = (Vs - Vsense) / Avg_Slope + 25.
Where,
Vo5 = Vsense Value for 25° C and
Avg_Slope = Average Slope for curve between Temperature vs. Vsense (given in mV/° C or pV/ °C).
Refer to the Electrical characteristics section for the actual values of V,5 and Avg_Slope.

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.

11.10 ADC interrupts

An interrupt can be produced on end of conversion for regular and injected groups and when the
analog watchdog status bit is set. Separate interrupt enable bits are available for flexibility.

Note: ADCT and ADC2 interrupts are mapped onto the same interrupt vector. ADC3 interrupts are mapped onto a separate

interrupt vector.
Two other flags are present in the ADC_SR register, but there is no interrupt associated with them:

+ JSTRT (Start of conversion for injected group channels)
« STRT (Start of conversion for regular group channels)

Tab 11.10-1 ADC 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
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11.11 ADC Register

Tab 11.11-1 ADC registers map

offset | Register

Reset value

Description

ADC1: ADC1_BA = 0x4001_2400
ADC2: ADC2_BA = 0x4001_2800

0x00 ADC_SR 0x0000_0000 ADC status register
0x04 ADC_CR1 0x0000_0000 ADC control register 1
0x08 ADC_CR2 0x0000_0000 ADC control register 2
0x0C ADC_SMPR1 0x0000_0000 | ADC sample time register 1
0x10 ADC_SMPR2 0x0000_0000 | ADC sample time register 2
0x14 ADC_JOFR1 0x0000_0000 | ADC injected channel data offset register 1
0x18 ADC_JOFR2 0x0000_0000 | ADC injected channel data offset register 2
0x1C ADC_JOFR3 0x0000_0000 | ADC injected channel data offset register 3
0x20 ADC_JOFR4 0x0000_0000 | ADC injected channel data offset register 4
0x24 ADC_HTR 0x0000_0000 | ADC watchdog high threshold register
0x28 ADC_LTR 0x0000_0000 | ADC watchdog low threshold register
0x2C ADC_SQR1 0x0000_0000 | ADC regular sequence register 1
0x30 ADC_SQR2 0x0000_0000 | ADC regular sequence register 2
0x34 ADC_SQR3 0x0000_0000 | ADC regular sequence register 3
0x38 ADC_JSQR 0x0000_0000 | ADC injected sequence register
0x3C ADC_JDR1 0x0000_0000 | ADC injected data register 1
0x3C ADC_JDR2 0x0000_0000 | ADC injected data register 2
0x44 ADC_JDR3 0x0000_0000 | ADC injected data register 3
0x48 ADC_JDR4 0x0000_0000 | ADC injected data register 4
0x4C ADC_DR 0x0000_0000 | ADC regular data register
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11.11.1 ADC status register (ADC_SR)

Register | Address offset | Access | Reset value | Description
ADC_SR 0x00 RW 0x0000_0000 | ADC status register
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Reserved
7 | 6 | 5 4 3 2 1 0
Reserved STRT JSTRT JEOC EOC AWD
ADC status register (ADC_SR)bit description
Bit Access | Description
[31:5] R Reserved, must be kept at O,

(4]

RC_WO

STRT: 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

(3]

RC_WO

JSTRT: 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

1: Injected group conversion has started

(2]

RC_WO

JEOC: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

(1]

RC_WO

EOC: 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

(0]

RC_WO

AWD: 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

11.11.2 ADC control register 1(ADC_CR1)

Register

Address offset

Access | Resetvalue | Description

ADC_CR1

0x04

RW 0x0000_0000

ADC control register 1
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31 | 30 | 29 | 28 | 27 26 | 25 | 24
Reserved
23 22 21 | 20 19 18 | 17 | 16
AWDEN JAWDEN Reserved DUALMOD[3:0]
15 14 13 12 11 10 5 8
DISCNUM[2:0] JDISCEN DISCEN JAUTO AWDSGL SCAN
7 6 5 4 3 2 1 0
JEOCIE AWDIE EOCIE AWDCH[4.0]
ADC control register 1(ADC_CR1)bit description
Bit Access | Description
[31:24] R Reserved, must be kept at reset value.
[23] RW AWDEN: Analog watchdog enable on regular channels
This bit is set/reset by software.
0: Analog watchdog disabled on regular channels
1: Analog watchdog enabled on regular channels
[22] RW JAWDEN: Analog watchdog enable on injected channels
This bit is set/reset by software.
0: Analog watchdog disabled on injected channels
1: Analog watchdog enabled on injected channels
[21:20] R Reserved, must be kept at reset value.
[19:16] RW DUALMODI3:0]: Dual mode selection
These bits are written by software to select the operating mode,
0000: Independent mode.
0001: Combined regular simultaneous + injected simultaneous mode
0010: Combined regular simultaneous + alternate trigger mode
0011: Combined injected simultaneous + fast interleaved mode
0100: Combined injected simultaneous + slow Interleaved mode
0101: Injected simultaneous mode only
0110: Regular simultaneous mode only
0111: Fast interleaved mode only
1000: Slow interleaved mode only
1001: Alternate trigger mode only
Note: These bits are reserved in ADC2 and ADC3.
In dual mode, a change of channel configuration generates a restart that can produce a loss of
synchronization. It is recommended to disable dual mode before any configuration change.
[15:13] RW DISCNUM]I2:0]: Discontinuous mode channel count
These bits are written by software to define the number of regular channels to be converted
in discontinuous mode, after receiving an external trigger.
000~ 111: 1 ~ 8 channels
[12] RW JAWDEN: Discontinuous mode on injected channels

This bit set and cleared by software to enable/disable discontinuous mode on injected
group channels

0: Discontinuous mode on injected channels disabled

1: Discontinuous mode on injected channels enabled
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[11] RW DISCEN: Discontinuous mode on regular channels

This bit set and cleared by software to enable/disable Discontinuous mode on regular chan-
nels.

0: Discontinuous mode on regular channels disabled

1: Discontinuous mode on regular channels enabled

[10] RW JAUTO: Automatic Injected Group conversion

This bit set and cleared by software to enable/disable automatic injected group conversion
after regular group conversion

0: disabled

1: enabled

[9] RW AWDSGL: Enable the watchdog on a single channel in scan mode

This bit set and cleared by software to enable/disable the analog watchdog on the channel
identified by the AWDCHI4:0] bits.

0: Analog watchdog enabled on all channels

1: Analog watchdog enabled on a single channel

[8] RW SCAN: Scan mode

This bit is set and cleared by software to enable/disable Scan mode. In Scan mode, the
inputs selected through the ADC_SQRx or ADC_JSQRX registers are converted.

0: Scan mode disabled

1: Scan mode enabled

Note: An EOC or JEOC interrupt is generated only on the end of conversion of the last channel
if the corresponding EOCIE or JEOCIE bit is set

[7] RW JEOCIE: Interrupt enable for injected channels

This bit is set and cleared by software to enable/disable the end of conversion interrupt for
injected channels.

0: JEOC interrupt disabled

1: JEOC interrupt enabled. An interrupt is generated when the JEOC bit is set.

[6] RW AWDIE: Analog watchdog interrupt enable

This bit is set and cleared by software to enable/disable the analog watchdog interrupt.

0: Analog watchdog interrupt disabled

1: Analog watchdog interrupt enabled

[5] RW EOCIE: Interrupt enable for EOC

This bit is set and cleared by software

0: EOC interrupt disabled

1: EOC interrupt enabled. An interrupt is generated when the EOC bit is set.

[4:0] RW AWDCH]I4:0]: Analog watchdog channel select bits

These bits are set and cleared by software. F T RLIE [ TR N iBiE,

00000 ~ 10001: ADC analog Channel 0 ~ 17

Other values reserved.

Note: ADCT analog Channel16 and Channel17 are internally connected to the temperature
sensor and to Vrernt, respectively.

ADC2 analog inputs Channel16 and Channel17 are internally connected to Vss,

ADC3 analog inputs Channel9, Channel14, Channel15, Channel16 and Channel17 are connected
to Vss
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11.11.3 ADC control register 2 (ADC_CR2)

Register | Address offset | Access | Reset value | Description
ADC_CR2 0x08 RW 0x0000_0000 | ADC control register 2
31 30 | 29 28 27 | 26 | 25 24
Reserved
23 22 21 20 19 | 18 | 17 16
TSVREFE SWSTART JSWSTART EXTTRIG EXTSEL[2:0] Reserved
15 14 13 12 11 10 | 9 8
JEXTTRIG JEXTSEL[2::0] ALIGN Reserved Reserved
7 6 | 5 4 3 2 1 0
Reserved CONT ADON

ADC control register 2 (ADC_CR2)bit description

Bit Access | Description
[31:24] R Reserved, must be kept at reset value.
[23] RW TSVREFE: Temperature sensor and Vrgrinr €nable

This bit is set and cleared by software, Only ADC1 is available.

0: Temperature sensor and Vgerrnr channel disabled

1: Temperature sensor and Vrerrnr channel enabled

[22] RW SWSTART: Start conversion of regular channels

This bit is set by software to start conversion and cleared by hardware as soon as conversion
starts.It starts a conversion of a group of regular channels if SWSTART is selected as trigger
event by the EXTSEL[2:0] bits.

0: Reset state

1: Starts conversion of regular channels

[21] RW JSWSTART: Start conversion of injected channels

This bit is set by software and cleared by software or by hardware as soon as the conversion
starts. It starts a conversion of a group of injected channels (if ]SWSTART is selected as
trigger event by the JEXTSEL[2:0] bits.)

0: Reset state

1: Starts conversion of injected channels

[20] RW EXTTRIG: 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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[19:17] RW EXTSEL[2:0]: External event select for regular group
These bits select the external event used to trigger the start of conversion of a regular
group:

For ADC1 and ADC2, the assigned triggers are:

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: Timer 4 CC4 event

110: EXTI line 11/TIM8_TRGO event

111: SWSTART

For ADC3, the assigned triggers are:
000: Timer 3 CC1 event

001: Timer 2 CC3 event

010: Timer 1 CC3 event

011: Timer 8 CC1 event

100: Timer 8 TRGO event

101: Timer 5 CC1 event

110: Timer 5 CC3 event

111: SWSTART

[16] R Reserved, must be kept at reset value.

[15] RW JEXTTRIG: External trigger conversion mode for injectedchannels

This bit is set and cleared by software to enable/disable the external trigger used to start
conversion of an injected channel group

0: Conversion on external event disabled

1: Conversion on external event enabled
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[14:12] RW JEXTSEL[2:0]: External event select for injected group
These bits select the external event used to trigger the start of conversion of an injected
group:

For ADC1 and ADC2 the assigned triggers are:

000: Timer 1 TRGO event

001: Timer 1 CC4 event

010: Timer 2 TRGO event

011: Timer 2 CC1 event

100: Timer 3 CC4 event

101: Timer 4 TRGO event

110: EXTI line15/TIM8_CC4 event

111: JSWSTART

For ADC3 the assigned triggers are:
000: Timer 1 TRGO event

001: Timer 1 CC4 event

010: Timer 4 CC3 event

011: Timer 8 CC2 event

100: Timer 8 CC4 event

101: Timer 5 TRGO event

110: Timer 5 CC4 event

111: JSWSTART

[11] RW ALIGN: Data alignment

This bit is set and cleared by software.
0: Right Alignment

1: Left Alignment

[10:9] R Reserved, must be kept at reset value.

[8] RW DMA: Direct memory access mode enable

This bit is set and cleared by software, DMA controller,
0: DMA mode disabled

1: DMA mode enabled

Note: Only ADCT and ADC3 can generate a DMA request.

[7:2] R Reserved, must be kept at reset value.
[1] RW CONT: Continuous conversion
This bit is set and cleared by software.After the bit set 1, the conversion continues until the
bit is set to 0.

0: Single conversion mode

1: Continuous conversion mode

[0] RW ADON: A/D converter ON/OFF

This bit is set and cleared by software. If this bit holds a value of zero and a 1 is written to
it then it wakes up the ADC from Power Down state.Conversion starts when this bit holds
a value of 1 and a 1 is written to it. The application should allow a delay of tstag between
power up and start of conversion.Refer to 11.4-1

0: Disable ADC 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 triggered. This is to prevent triggering an erroneous conversion.
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11.11.4 ADC sample time register 1(ADC_SMPR1)

000: 4.5 cycles

010: 13.5 cycles
100: 41.5 cycles
110: 71.5 cycles

001: 7.5 cycles
011: 28.5 cycles
101: 55.5 cycles
111: 239.5 cycles

These bits are written by software to select the sample time individually for each channel.
During sample cycles channel selection bits must remain unchanged.

Note: ADCT analog Channel16 and Channel 17 are internally connected to the temperature
sensor and to VREFINT , respectively.
ADC2 analog input Channel16 and Channel17 are internally connected to VSS.
ADC3 analog inputs Channel14, Channel15, Channel16 and Channel17 are connected to VSS

Register Address offset | Access | Reset value | Description
ADC_SMPR1 0x0C RW 0x0000_0000 | ADC sample time register 1
31 | 30 | 29 28 | 27 | 26 25 | 24
Reserved
23 | 22 | 21 20 | 19 | 18 17 | 16
SMP17[2:0] SMP16[2:0] SMP15[2:1]
15 14 | 13 12 11 | 10 9 8
SMP15[0] SMP14[2:0] SMP13[2:0] SMP12[2]
7 6 5 4 3 2 1 0
SMP12[1:0] SMP11[2:0] SMP10[2:0]
ADC sample time register 1(ADC_SMPR1)bit description
Bit Access | Description
[31:24] R Reserved, must be kept at reset 0
[23:0] RW SMPx[2:0]: Channel x Sample time selection,

11.11.5 ADC sample time register 2(ADC_SMPR2)

Register Address offset | Access | Reset value | Description
ADC_SMPR2 0x10 RW 0x0000_0000 | ADC sample time register 2
31 | 30 29 28 | 27 26 25 | 24
Reserved SMP9[2:0] SMP8[2:0]
23 | 22 21 20 | 19 18 17 | 16
SMP7[2:0] SMP6[2:0] SMP5[2:1]
15 14 13 12 11 10 9 8
SMP5[0] SMP4[2:0] SMP3[2:0] SMP2[2]
7 6 5 4 3 2 1 0
SMP2[1:0] SMP1[2:0] SMPO0[2:0]
ADC sample time register 2(ADC_SMPR2)bit description
Bit ‘ Access | Description
Va4 H
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[31:30] R

Reserved, must be kept at reset 0

[29:0] RW

SMPx[2:0]: 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.

000: 4.5 cycles

010: 13.5 cycles
100: 41.5 cycles
110: 71.5 cycles

001: 7.5 cycles
011: 28.5 cycles
101: 55.5 cycles
111: 239.5 cycles

Note: ADC3 analog input Channel9 is connected to VSS

11.11.6 ADC injected channel data offset register x(ADC_JOFRx)(x = 1..4)

Register Address offset | Access | Resetvalue | Description
ADC_JOFRx (x = 1,2,3,4) 0x10 + x*4 RW 0x0000_0000 | ADC injected channel data offset register x

31 | 30 | 29 28 | 27 | 26 | 25 24
Reserved

23 | 22 | 21 20 | 19 | 18 | 17 16
Reserved

15 | 14 | 13 12 11 | 10 | 9 8

Reserved JOFFSETx[11:8]
7 | 6 | 5 4 3 | 2 | 1 0

JOFFSETX[7:0]

ADC injected channel data offset register x(ADC_JOFRx)bit description

These bits are written by software to define the offset to be subtracted from the raw con-
verted data when converting injected channels. The conversion result can be read from in

Bit Access | Description
[31:12] R Reserved, must be kept at reset 0
[11:0] RW JOFFSETx[11:0]: Data offset for injected channel x

the ADC_JDRXx registers.

11.11.7 ADC watchdog high threshold register (ADC_HTR)

Register | Address offset | Access | Reset value | Description
ADC_HTR 0x24 RW 0x0000_0000 | ADC watchdog high threshold register
31 | 30 | 29 28 | 27 | 26 | 25 24
Reserved
23 | 22 | 21 20 | 19 | 18 | 17 16
Reserved
15 | 14 | 13 12 11 | 10 | 9 8
Reserved HT[11:8]
7 | 6 | 5 4 3 | 2 | 1 0
HT[7:0]
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ADC watchdog high threshold register(ADC_HTR)bit description

Bit Access | Description
[31:12] R Reserved, must be kept at reset 0
[11:0] RW HT[11:0]: Analog watchdog high threshold

These bits are written by software to define the high threshold for the analog watchdog

Note: The software can write to these registers when an ADC conversion is ongoing. The pro-
grammed value will be effective when the next conversion is complete. Writing to this register is
performed with a write delay that can create uncertainty on the effective time at which the new
value is programmed.

11.11.8 ADC watchdog low threshold register (ADC_LTR)

Register | Address offset | Access | Reset value | Description
ADC_LTR 0x28 RW 0x0000_0000 | ADC watchdog low threshold register
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 11 | 10 | 9 | 8
Reserved LT[11:8]
7 | 6 | 5 | 4 3 | 2 | 1 | 0
LT[7:0]
ADC watchdog low threshold register(ADC_LTR)bit description
Bit Access | Description
[31:12] R Reserved, must be kept at reset 0
[11:0] RW LT[11:0]: Analog watchdog low threshold

These bits are written by software to define the low threshold for the analog watchdog.

Note: The software can write to these registers when an ADC conversion is ongoing. The pro-
grammed value will be effective when the next conversion is complete. Writing to this register is
performed with a write delay that can create uncertainty on the effective time at which the new

value is programmed.

11.11.9 ADC regular sequence register 1 (ADC_SQR1)

Register | Address offset | Access | Reset value | Description
ADC_SQR1 0x2C RW 0x0000_0000 | ADC regular sequence register 1
31 | 30 | 29 | 28 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 19 | 18 | 17 | 16
L[3:0] SQ16[4:1]
15 14 | 13 | 12 11 | 10 9 | 8
SQ16[0] SQ15[4.0] SQ14[4:3]
7 6 | 5 4 3 | 2 1 | 0
SQ14[2:0] SQ13[4.0]
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ADC regular sequence register 1 (ADC_SQR1)bit description
Bit Access | Description
[31:24] R Reserved, must be kept at reset 0
[23:20] RW L[3:0]: Regular channel sequence length
These bits are written by software to define the total number of conversions in the regular
channel conversion sequence
0000 ~ 1111: 1 ~ 16 conversions
[19:15] RW SQ16[4:0]: 16th conversion in regular sequence
These bits are written by software with the channel number (0~17) assigned as the 16th in
the conversion sequence.
[14:10] RW SQ15[4:0]: 15th conversion in regular sequence
[9:5] RW SQ14[4:0]: 14th conversion in regular sequence
[4:0] RW SQ13[4:0]: 13th conversion in regular sequence

11.11.10 ADC regular sequence register 2 (ADC_SQR2)

Register | Address offset | Access | Reset value | Description
ADC_SQR2 0x30 RW 0x0000_0000 | ADC regular sequence register 2
31 | 30 29 | 28 27 26 | 25 24
Reserved SQ12[4:0] SQ11[4]
23 | 22 21 | 20 19 18 | 17 16
SQ11[3:0] SQ10[4:1]
15 14 | 13 | 12 11 10 9 | 8
SQ10[0] SQ9[4:0] SQ8[4:2]
7 6 | 5 4 3 2 1 | 0
SQ8[2:0] SQ7[4:0]
ADC regular sequence register 2 (ADC_SQR2)bit description
Bit Access | Description
[31:30] R Reserved, must be kept at reset 0
[29:25] RW SQ12[4:0]: 12th conversion in regular sequence
These bits are written by software with the channel number (0..17) assigned as the 12th in
the sequence to be converted.
[24:20] RW SQ11[4:0]: 11th conversion in regular sequence
[19:15] RW S$Q10[4:0]: 10th conversion in regular sequence
[14:10] RW SQ9[4:0]: 9th conversion in regular sequence
[9:5] RW SQ8[4:0]: 8th conversion in regular sequence
[4:0] RW SQ7[4:0]: 7th conversion in regular sequence

11.11.11 ADC regular sequence register 3 (ADC_SQR3)

Register

Address offset

Access

Reset value

Description

ADC_SQR3

0x34

RW

0x0000_0000

ADC regular sequence register 3
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31 | 30 29 | 28 | 27 26 | 25 24
Reserved SQ6[4:0] SQ5[4]
23 | 22 21 | 20 19 18 | 17 16
SQ5[3:0] SQ4[4:1]
15 14 | 13 | 12 11 10 9 | 8
SQ4[0] SQ3[4:0] SQ2[4:2]
7 6 | 5 4 | 3 2 1 | 0
SQ2[2:0] SQ1[4:0]
ADC regular sequence register 3(ADC_SQR3)bit description
Bit Access | Description
[31:30] R Reserved, must be kept at reset 0
[29:25] RW SQ6[4:0]: 6th conversion in regular sequence
These bits are written by software with the channel number (0..17) assigned as the 6th in
the sequence to be converted.
[24:20] RW SQ5[4:0]: 5th conversion in regular sequence
[19:15] RW SQ4[4:0]: 4th conversion in regular sequence
[14:10] RW SQ3[4:0]: 3rd conversion in regular sequence
[9:5] RW SQ2[4:0]: 2nd conversion in regular sequence
[4:0] RW SQ1[4:0]: 1st conversion in regular sequence

11.11.12 ADC injected sequence register(ADC_JSQR)

Register | Address offset | Access | Resetvalue | Description
ADC_JSQR 0x38 RW 0x0000_0000 | ADC injected sequence register
31 | 30 29 | 28 27 26 | 25 | 24
Reserved
23 | 22 21 | 20 19 18 | 17 | 16
Reserved JL[1:0] JSQ4[4:1]
15 14 13| 12 11 10 9 | 8
1SQ4I0] JSQ3[4:0] 1SQ2[4:2]
7 6 | 5 4 | 3 2 1 | 0
JSQ2[2:0] JSQ1[4:0]
ADC injected sequence register (ADC_JSQR)bit description
Bit Access | Description
[31:22] R Reserved, must be kept at reset 0
[21:20] RW JL[1:0]: Injected sequence length

channel conversion sequence.
00: 1 conversion

01 : 2 conversions

10: 3 conversions

11 : 4 conversions

These bits are written by software to define the total number of conversions in the injected
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[19:15] RW JSQA4[4:0]: 4th conversion in injected sequence(JL[1:0]=11)
These bits are written by software with the channel number (0..17) assigned as the fourth
in the sequence to be converted.

[14:10] RW JSQ3[4:0]: 3rd conversion in injected sequence(JL[1:0]=11)
[9:5] RW JSQ2[4:0]: 2nd conversion in injected sequence(JL[1:0]=11)
[4:0] RW JSQ1[4:0]: 1st conversion in injected sequence(JL[1:0]=11)

Note: Unlike a regular conversion sequence, if JL[1:0] length is less than four, the channels are converted in a sequence
starting from (4-JL).:

* When JL = 3 (4 injection conversions in the sequencer), the ADC converts the channel in the following order:
JSQ1 [4: 0] »JSQ2 [4: 0] » JSQ3 [4: 0] » JSQ4 [4: 0]
* When JL = 2 (3 injection conversions in the sequencer), the ADC converts the channel in the following order:
JSQ2 [4: 0] » JSQ3 [4: 0] »JSQ4 [4: 0]
* When JL = 1 (2 injection conversions in the sequencer), the ADC converts the channel in the following order:
JSQ3[4: 0] »JSQ4 [4: 0]
* When JL = 0 (1 injection conversions in the sequencer), the ADC converts the channel in the following order:
Example: ADC_JSQR[21:0] = 10 00011 00071 00711 00010 means that a scan conversion will convert the following
channel sequence: 7, 3, 3. (not 2, 7, 3)

11.11.13 ADC injected data register x(ADC_JDRx)(x = 1..4)

Register Address offset | Access | Reset value | Description
ADC_JDRx (x = 1,2,3,4) 0x38 + x*4 R 0x0000_0000 | ADC injected data register x
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
|DATA[15:8]
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
JDATA[7:0]

ADC injected data register x(ADC_JDRx)bit description

Bit Access | Description
[31:16] R Reserved, must be kept at reset 0
[15:0] R JDATA[15:0]: Injected data

These bits are read only. They contain the conversion result from injected channel x. The

data is left or right-aligned as shown in 11.5-2 and 11.5-1

11.11.14 ADC regular data register(ADC_DR)

Register | Address offset | Access | Reset value | Description
ADC_DR 0x4C R 0x0000_0000 | ADC regular data register
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31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
ADC2DATA[15:8]
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
ADC2DATA[7:0]
15 | 14 | 13 | 12 | 1 | 10 | 9 | 8
DATA[15:8]
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
DATA[7:0]

ADC regular data register(ADC_DR)bit description

Bit Access | Description

[31:16] R ADC2DATA[15:0]: ADC2 data
In ADC1: In dual mode, these bits contain the regular data of ADC2. Refer to Section 11.9
In ADC2 and ADC3: these bits are not used.

[15:0] R DATA[15:0]: Regular data
These bits are read only. They contain the conversion result from the regular channels.
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12 Digital-to-analog converter (DAC)
12.1 DAC introduction

The DAC module is a 12-bit, voltage output digital-to-analog converter. The DAC can be configured in
8- or 12-bit mode and may be used in conjunction with the DMA controller. In 12-bit mode, the data
could be left- or right-aligned. The DAC has two output channels, each with its own converter. In dual
DAC channel mode, conversions could be done independently or simultaneously when both channels
are grouped together for synchronous update operation. An input reference pin VREF+ (shared with
ADC) is available for better resolution.

12.2 DAC main features

« Two DAC converters: one output channel each

* Left or right data alignment in 12-bit mode

* Synchronized update capability

* Noise-wave generation

* Triangular-wave generation

« Dual DAC channel independent or simultaneous conversions
« DMA capability for each channel

+ External triggers for conversion

+ Input voltage reference VREF+

Tab 12.2-1 DAC pins

Name Signal type Remarks

VREF+ Input, analog reference positive  higher/positive reference voltage for DAC,2.4V < Ve < Vppa(3.3V)
VDDA Input, analog supply Analog power supply

VSSA Input, analog supply ground Ground for analog power supply

DAC_OUTx Analog output signal DAC channelx analog output

Note: Once DAC channelx is enabled, the corresponding GPIO pin (PA4 or PA5) is automatically connected to the analog
converter output (DAC_OUTXx). To avoid parasitic consumption, the PA4 or PA5 pin should first be configured to analog (AIN).
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Fig 12.2-1 DAC channel block diagram

DAC control register
TSELX2:0] bits T
SWTRIGXx —]
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V Digital-to-analog |_:| DAC_OUTx
S9A converterx
VREF+

Note: In connectivity line devices, the TIM8_TRGO trigger is replaced by TIM3_TRGO

12.3 DAC functional description
12.3.1 DAC channel enable

Each DAC channel can be powered on by setting its corresponding ENx bit in the DAC_CR register. The
DAC channel is then enabled after a startup time tWAKEUP.

Note: The ENx bit enables the analog DAC Channelx macrocell only. The DAC Channelx digital interface is enabled even if
the ENXx bit is reset.

12.3.2 DAC output buffer enable

The DAC integrates two output buffers that can be used to reduce the output impedance, and to drive
external loads directly without having to add an external operational amplifier. Each DAC channel
output buffer can be enabled and disabled using the corresponding BOFFx bit in the DAC_CR register.

12.3.3 DAC data format

Depending on the selected configuration mode, the data has to be written in the specified register as
described below:

Va0
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Single DAC channelx, there are three possibilities:

+ 8-bit right alignment: user has to load data into DAC_DHR8Rx [7:0] bits (stored into DHRx[11:4]
bits)

+ 12-bit left alignment: user has to load data into DAC_DHR12Lx [15:4] bits (stored into DHRx[11:0]
bits)

+ 12-bitright alignment: user hasto load data into DAC_DHR12Rx [11:0] bits (stored into DHRx[11:0]
bits)

Depending on the loaded DAC_DHRyyyx register, the data written by the user will be shifted and stored
into the DHRx (Data Holding Registerx, that are internal non-memory-mapped registers). The DHRx
register will then be loaded into the DORX register either automatically, by software trigger or by an
external event trigger.

Fig 12.3-1 Data registers in single DAC channel mode

31 24

8-bit right aligned

12-bit left aligned

12-bit right aligned

Dual DAC channels, there are three possibilities:

« 8-bitrightalignment: data for DAC channel1 to be loaded into DAC_DHR8RD [7:0] bits (stored into
DHR1[11:4] bits) and data for DAC channel2 to be loaded into DAC_DHR8RD [15:8] bits (stored
into DHR2[11:4] bits))

+ 12-bit left alignment: data for DAC channel1 to be loaded into DAC_DHR12LD [15:4] bits (stored
into DHR1[11:0] bits) and data for DAC channel2 to be loaded into DAC_DHR12LD [31:20] bits
(stored into DHR2[11:0] bits)

* 12-bitright alignment: data for DAC channel1 to be loaded into DAC_DHR12RD [11:0] bits (stored
into DHR1[11:0] bits) and data for DAC channel2 to be loaded into DAC_DHR12RD [27:16] bits
(stored into DHR2[11:0] bits)

Depending on the loaded DAC_DHRyyyD register, the data written by the user will be shifted and
stored into the DHR1 and DHR2 (Data Holding Registers, that are internal non- memory-mapped
registers) . The DHR1 and DHR2 registers will then be loaded into the DOR1 and DOR?2 registers,
respectively, either automatically, by software trigger or by an external event trigger.
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Fig 12.3-2 Data registers in dual DAC channel mode

31 24 15 7 0

8-bit right aligned

12-bit left aligned

12-bit right aligned

12.3.4 DAC conversion

The DAC_DORXx cannot be written directly and any data transfer to the DAC channelx must be per-
formed by loading the DAC_DHRX register (write on DAC_DHR8Rx, DAC_DHR12Lx, DAC_DHR12RXx,
DAC_DHRS8RD, DAC_DHR12LD or DAC_DHR12RD).

Data stored into the DAC_DHRX register are automatically transferred to the DAC_DORX register after
one APB1 clock cycle, if no hardware trigger is selected (TENx bit in DAC_CR register is reset). How-
ever, when a hardware trigger is selected (TENx bit in DAC_CR register is set) and a trigger occurs, the
transfer is performed three APB1 clock cycles later.

When DAC_DORKXx is loaded with the DAC_DHRx contents, the analog output voltage becomes avail-
able after a time of tserrung that depends on the power supply voltage and the analog output load.

Fig 12.3-3 Timing diagram for conversion with trigger disabled

APB1_CLK||||I|I|||||||_E

DHR )GomAc:

. Output voltage
DOR ! 0x1AC |_—" available on DAC_OUT pin

le——tsETTLING —

12.3.5 DAC output voltage

Digital inputs are converted to output voltages on a linear conversion between 0 and Vger, . The analog
output voltages on each DAC channel pin are determined by the equation:

V * DOR
Vour = REZT (12.1)

12.3.6 DAC trigger selection

If the TENX control bit is set, conversion can then be triggered by an external event (timer counter,
external interrupt line). The TSELx[2:0] control bits determine which one, out of 8 possible events, will
trigger conversion,
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Tab 12.3-1 DAC External triggers

Source Type TSEL[2:0]
Timer 6 TRGO event 000
Timer 3 TRGO event 001
Timer 7 TRGO event Internal signal from on-chip timers | 010
Timer 5 TRGO event 011
Timer 2 TRGO event 100
Timer 4 TRGO event 101
EXTI line9 External pin 110
SWTRIG (Software) Software control bit 1M1

Each time a DAC interface detects a rising edge on the selected timer TRGO output, or on the se-
lected external interrupt line 9, the last data stored into the DAC_DHRX register is transferred into the
DAC_DORXx register. The DAC_DORX register is updated three APB1 cycles after the trigger occurs.

If the software trigger is selected, the conversion starts once the SWTRIG bit is set. SWTRIG is reset
by hardware once the DAC_DORX register has been loaded with the DAC_DHRX register contents.

Note: TSELx[2:0] bit cannot be changed when the ENx bit is set. When software trigger is selected, it takes only one APB1
clock cycle for DAC_DHRx-to-DAC_DORX register transfer

12.3.7 DMA request

Each DAC channel has a DMA capability.
ADACDMA requestis generated when an external trigger (but not a software trigger) occurs while the
DMAENX bit is set. The value of the DAC_DHRX register is then transferred to the DAC_DORX register.

In dual mode, if both DMAENX bits are set, two DMA requests are generated. If only one DMA request
is needed, you should set only the corresponding DMAENX bit. In this way, the application can manage
both DAC channels in dual mode by using one DMA request and a unique DMA channel.

12.3.8 Noise generation

In order to generate a variable-amplitude pseudonoise, a Linear Feedback Shift Register is available.
The DAC noise generation is selected by setting WAVEx[1:0]to “01” . The preloaded value in the LFSR
is OXAAA. This register is updated, three APB1 clock cycles after each trigger event, following a specific
calculation algorithm.

&> megawin Doc ID 2157012 Rev 2.4 147/639

make you win



12 Digital-to-analog converter (DAC) MG32F157xx Reference Manual

Fig 12.3-4 DAC LFSR register calculation algorithm

The LFSR value, that may be masked partially or totally by means of the MAMPx[3:0] bits in the DAC_CR
register, is added up to the DAC_DHRx contents without overflow and this value is then stored into
the DAC_DORX register.

If LFSR is 0x0000,a ‘1’ is injected into it (antilock-up mechanism).

It is possible to reset LFSR wave generation by resetting the WAVEX[1:0] bits.

Fig 12.3-5 DAC conversion (SW trigger enabled) with LFSR wave generation
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Note: DAC trigger must be enabled for noise generation, by setting the TENx bit in the DAC_CR register.

12.3.9 Triangle-wave generation

It is possible to add a small-amplitude triangular waveform on a DC or slowly varying signal. DAC
triangle-wave generation is selected by setting WAVEx[1:0] to “10” . The amplitude is configured
through the MAMPx[3:0] bits in the DAC_CR register. An internal triangle counter is incremented three
APB1 clock cycles after each trigger event. The value of this counter is then added to the DAC_DHRx
register without overflow and the sum is stored into the DAC_DORX register. The triangle counter is
incremented while it is less than the maximum amplitude defined by the MAMPx[3:0] bits. Once the
configured amplitude is reached, the counter is decremented down to 0, then incremented again and

&> megawin Doc ID 2157012 Rev 2.4 148/639

make you win



12 Digital-to-analog converter (DAC) MG32F157xx Reference Manual

so on.

It is possible to reset triangle wave generation by resetting WAVEXx[1:0] bits.

Fig 12.3-6 DAC triangle wave generation
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Fig 12.3-7 DAC conversion (SW trigger enabled) with triangle wave generation
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Note: DAC trigger must be enabled for noise generation, by setting the TENx bit in the DAC_CR register. MAMPx[3:0] bits must
be configured before enabling the DAC, otherwise they cannot be changed.

12.4 Dual DAC channel conversion

To efficiently use the bus bandwidth in applications that require the two DAC channels at the same
time, three dual registers are implemented: DHR8RD, DHR12RD and DHR12LD. A unique register
access is then required to drive both DAC channels at the same time.

Eleven possible conversion modes are possible using the two DAC channels and these dual registers.
All the conversion modes can nevertheless be obtained using separate DHRXx registers if needed.

12.4.1 Independent trigger without wave generation

To configure the DAC in this conversion mode, the following sequence is required:

+ Set the two DAC channel trigger enable bits TEN1 and TEN2
+ The two DAC channels TSELx[2:0] bits are set to different values to select different trigger sources
+ Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD, DAC_DHR12LD or
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DAC_DHRS8RD)

When a DAC channell trigger arrives, the DHR1 register is transferred into DAC_DOR1 (three APB1
clock cycles later).
When a DAC channel2 trigger arrives, the DHR2 register is transferred into DAC_DOR2 (three APB1
clock cycles later).

12.4.2 Independent trigger with same LFSR generation

To configure the DAC in this conversion mode, the following sequence is required:

+ Set the two DAC channel trigger enable bits TEN1 and TEN2

+ The two DAC channels TSELx[2:0] bits are set to different values to select different trigger sources

« Configure the two DAC channel WAVEX[1:0] bits as “01” and the same LFSR mask value in the
MAMPXx[3:0] bits

+ Load the dual DAC channel data into the desired DHR register (DHR12RD, DHR12LD or DHR8RD)

When a DAC channel1 trigger arrives, the LFSR1 counter, with the same mask, is added to the DHR1
register and the sum is transferred into DAC_DOR1 (three APB1 clock cycles later). Then the LFSR1
counter is updated.
When a DAC channel2 trigger arrives, the LFSR2 counter, with the same mask, is added to the DHR2
register and the sum is transferred into DAC_DOR2 (three APB1 clock cycles later). Then the LFSR2
counter is updated

12.4.3 Independent trigger with different LFSR generation

To configure the DAC in this conversion mode, the following sequence is required:

+ Set the two DAC channel trigger enable bits TEN1 and TEN2

+ The two DAC channels TSELx[2:0] bits are set to different values to select different trigger sources

« Configure the two DAC channel WAVEX[1:0] bits as “01” and set different LFSR masks values in
the MAMPX[3:0] bits

* Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD, DAC_DHR12LD or
DAC_DHRS8RD)

When a DAC channel1 trigger arrives, the LFSR1 counter, with the mask configured by MAMP1[3:0], is
added to the DHR1 register and the sum is transferred into DAC_DOR1 (three APB1 clock cycles later).
Then the LFSR1 counter is updated.
When a DAC channel2 trigger arrives, the LFSR2 counter, with the mask configured by MAMP2[3:0], is
added to the DHR2 register and the sum is transferred into DAC_DOR?2 (three APB1 clock cycles later).
Then the LFSR2 counter is updated.

12.4.4 Independent trigger with same triangle generation

To configure the DAC in this conversion mode, the following sequence is required:

+ Set the two DAC channel trigger enable bits TEN1 and TEN2
+ The two DAC channels TSELx[2:0] bits are set to different values to select different trigger sources

&> megawin Doc ID 2157012 Rev 2.4 150/639

make you win



12 Digital-to-analog converter (DAC) MG32F157xx Reference Manual

« Configure the two DAC channel WAVEX[1:0] bits as “01” and the same maximum amplitude value
in the MAMPx[3:0] bits

* Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD, DAC_DHR12LD or
DAC_DHR8RD),

When a DAC channel1 trigger arrives, the DAC channel1 triangle counter, with the same triangle am-
plitude, is added to the DHR1 register and the sum is transferred into DAC_DOR1 (three APB1 clock
cycles later). The DAC channel1 triangle counter is then updated.
When a DAC channel2 trigger arrives, the DAC channel2 triangle counter, with the same triangle am-
plitude, is added to the DHR2 register and the sum is transferred into DAC_DOR2 (three APB1 clock
cycles later). The DAC channel2 triangle counter is then updated.

12.4.5 Independent trigger with different triangle generation

To configure the DAC in this conversion mode, the following sequence is required:

+ Set the two DAC channel trigger enable bits TEN1 and TEN2

+ The two DAC channels TSELx[2:0] bits are set to different values to select different trigger sources

« Configure the two DAC channel WAVEX[1:0] bits as “01” and set different maximum amplitude
values in the MAMPXx[3:0] bits

* Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD, DAC_DHR12LD or
DAC_DHR8RD)

When a DAC channel1 trigger arrives, the DAC channel triangle counter, with a triangle amplitude
configured by MAMP1[3:0], is added to the DHR1 register and the sum is transferred into DAC_DOR1
(three APB1 clock cycles later). The DAC channel1 triangle counter is then updated.

When a DAC channel2 trigger arrives, the DAC channel2 triangle counter, with a triangle ampli-
tude configured by MAMP2[3:0], is added to the DHR2 register part and the sum is transferred into
DAC_DOR?2 (three APB1 clock cycles later). The DAC channel2 triangle counter is then updated.

12.4.6 Simultaneous software start

To configure the DAC in this conversion mode, the following sequence is required:

* Load the dual DAC channel data to the desired DHR register (DAC_DHR12RD, DAC_DHR12LD or
DAC_DHR8RD)

In this configuration, one APB1 clock cycle later, the DHR1 and DHR2 registers are transferred into
DAC_DOR1 and DAC_DOR2, respectively.

12.4.7 Simultaneous trigger without wave generation

To configure the DAC in this conversion mode, the following sequence is required:

+ Set the two DAC channel trigger enable bits TEN1 and TEN2
+ Configure the same trigger source for both DAC channels by setting the same value in the
TSELx[2:0] bits
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* Load the dual DAC channel data to the desired DHR register (DAC_DHR12RD, DAC_DHR12LD or
DAC_DHRS8RD)

When a trigger arrives, the DHR1 and DHR2 registers are transferred into DAC_DOR1 and DAC_DOR?2,
respectively (after three APB1 clock cycles).

12.4.8 Simultaneous trigger with same LFSR generation

To configure the DAC in this conversion mode, the following sequence is required:

+ Set the two DAC channel trigger enable bits TEN1 and TEN2

+ Set the TSELX[2:0] bit of both DAC channels to the same value to select the same trigger source

« Configure the two DAC channel WAVEX[1:0] bits as “01” and the same LFSR mask value in the
MAMPXx[3:0] bits

* Load the dual DAC channel data to the desired DHR register (DHR12RD, DHR12LD or DHR8RD)

When a trigger arrives, the LFSR1 counter, with the same mask, is added to the DHR1 register and the
sum is transferred into DAC_DOR1 (three APB1 clock cycles later). The LFSR1 counter is then updated.
At the same time, the LFSR2 counter, with the same mask, is added to the DHR2 register and the sum
is transferred into DAC_DOR2 (three APB1 clock cycles later). The LFSR2 counter is then updated.

12.4.9 Simultaneous trigger with different LFSR generation

To configure the DAC in this conversion mode, the following sequence is required:

+ Set the two DAC channel trigger enable bits TEN1 and TEN2

* Set the TSELX[2:0] bit of both DAC channels to the same value to select the same trigger source

« Configure the two DAC channel WAVEx[1:0] bits as “01” and set different LFSR masks values
using the MAMP1[3:0] and MAMP2[3:0] bits

* Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD, DAC_DHR12LD or
DAC_DHRS8RD)

When the trigger signal arrives, the LFSR1 and LFSR2 counters with the same mask are added to
the DHR1 and DHR2 registers respectively, and the result is sent to the DAC_DOR1 and DAC_DOR2
respectively after three APB1 clock cycles. Then the LFSR1 and LFSR2 counters are updated.

12.4.10 Simultaneous trigger with same triangle generation

To configure the DAC in this conversion mode, the following sequence is required:

+ Set the two DAC channel trigger enable bits TEN1 and TEN2

+ Set the TSELX[2:0] bit of both DAC channels to the same value to select the same trigger source

« Configure the two DAC channel WAVEX[1:0] bits as “1x” and the same maximum amplitude value
using the MAMPXx[3:0] bits

* Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD, DAC_DHR12LD or
DAC_DHR8RD)

When a trigger arrives, the DAC channel1 triangle counter, with the same triangle amplitude, is added
to the DHR1 register and the sum is transferred into DAC_DOR1 (three APB1 clock cycles later). The
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DAC channel1 triangle counter is then updated. At the same time, the DAC channel2 triangle counter,
with the same triangle amplitude, is added to the DHR2 register and the sum is transferred into
DAC_DOR?2 (three APB1 clock cycles later). The DAC channel2 triangle counter is then updated.

12.4.11 Simultaneous trigger with different triangle generation

To configure the DAC in this conversion mode, the following sequence is required:

+ Set the two DAC channel trigger enable bits TEN1 and TEN2

+ Set the TSELX[2:0] bit of both DAC channels to the same value to select the same trigger source

« Configure the two DAC channel WAVEX[1:0] bits as “1x” and set different maximum amplitude
values in the MAMPXx[3:0] bits

* Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD, DAC_DHR12LD or
DAC_DHR8RD)

When the trigger signal arrives, the trigonometric counter values of DAC channels 1 and 2 configured
with trigonometric amplitude by MAMP1[3:0] and MAMP2[3:0] are added to the DHR1 and DHR2 reg-
isters, respectively. After three APB1 clock cycles, the results are sent to DAC_DOR1 and DAC_DOR2
respectively. Subsequently the DAC channel 1 and DAC channel 2 triangle counters are updated
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12.5 DAC Register

Tab 12.5-1 DAC register map

Offset | Register

Reset value

Description

DAC: DAC_BA = 0x4000_7400

0x00 DAC_CR 0x0000_0000 DAC control register

0x04 DAC_SWTRIGR 0x0000_0000 | DAC software trigger register

0x08 DAC_DHR12R1 0x0000_0000 | DAC channel1 12-bit right-aligned data holding register
0x0C DAC_DHR12L1 0x0000_0000 | DAC channell1 12-bit left aligned data holding register
0x10 DAC_DHR8R1 0x0000_0000 | DAC channell 8-bit right aligned data holding register
0x14 DAC_DHR12R2 0x0000_0000 | DAC channel2 12-bit right aligned data holding register
0x18 DAC_DHR12L2 0x0000_0000 | DAC channel2 12-bit left aligned data holding register
0x1C DAC_DHR8R2 0x0000_0000 | DAC channel2 8-bit right-aligned data holding register
0x20 DAC_DHR12RD 0x0000_0000 | Dual DAC 12-bit right-aligned data holding register
0x24 DAC_DHR12LD 0x0000_0000 | DUAL DAC 12-bit left aligned data holding register
0x28 DAC_DHR8RD 0x0000_0000 | DUAL DAC 8-bit right aligned data holding register
0x2C DAC_DOR1 0x0000_0000 | DAC channel1 data output register

0x30 DAC_DOR2 0x0000_0000 | DAC channel2 data output register
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12.5.1 DAC control register(DAC_CR)

Register

Address offset

Access | Resetvalue | Description

DAC_CR

0x00

RW 0x0000_0000 | DAC control register

31

| 30

29 28 27 26 25 24

Reserved

DMAEN2 MAMP2[3:0]

23

| 22

21 20 19 18 17 16

WAVE2[1:0]

TSEL2[2:0] TEN2 BOFF2 EN2

15

| 14

13 12 11 10 9 8

Reserved

DMAEN?1 MAMP1[3:0]

| 6

5 4 3 2 1 0

WAVE1[1:0]

TSEL1[2:0] TEN1 BOFF1 EN1

DAC control register(DAC_CR)bit description

Bit

Access

Description

[31:29]

R

Reserved, must be held at reset value.

[28]

RW

DMAEN2: DAC channel2 DMA enable
This bit is set and cleared by software
0: DAC channel2 DMA mode disabled
1: DAC channel2 DMA mode enabled

[27:24]

RW

MAMP2[3:0]: DAC channel2 mask/amplitude selector

These bits are written by software to select mask in wave generation mode or amplitude in
triangle generation mode.

0000: Unmask bit0 of LFSR/ Triangle Amplitude equal to 1

0001: Unmask bits[1:0] of LFSR/ Triangle Amplitude equal to 3

0010: Unmask bits[2:0] of LFSR/ Triangle Amplitude equal to 7

0011: Unmask bits[3:0] of LFSR/ Triangle Amplitude equal to 15
0100: Unmask bits[4:0] of LFSR/ Triangle Amplitude equal to 31
0101: Unmask bits[5:0] of LFSR/ Triangle Amplitude equal to 63
0110: Unmask bits[6:0] of LFSR/ Triangle Amplitude equal to 127
0111: Unmask bits[7:0] of LFSR/ Triangle Amplitude equal to 255
1000: Unmask bits[8:0] of LFSR/ Triangle Amplitude equal to 511
1001: Unmask bits[9:0] of LFSR/ Triangle Amplitude equal to 1023
1010: Unmask bits[10:0] of LFSR/ Triangle Amplitude equal to 2047
>1011: Unmask bits[11:0] of LFSR/ Triangle Amplitude equal to 4095

[23:22]

RW

WAVE2[1:0]: DAC channel2 noise/triangle wave generationenable
These bits are set/reset by software.

00: wave generation disabled

01: Noise wave generation enabled

1x: Triangle wave generation enabled

Note: only used if bit TEN2 = 1 (DAC channel2 trigger enabled)
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[21:19] RW TSEL2[2:0]: DAC channel2 trigger selection

These bits select the external event used to trigger DAC channel2
000: Timer 6 TRGO event

001: Timer 8 TRGO event

010: Timer 7 TRGO event

011: Timer 5 TRGO event

100: Timer 2 TRGO event

101: Timer 4 TRGO event

110: External line9

111: Software trigger

Note: only used if bit TEN2 = 1 (DAC channel2 trigger enabled)

[18] RW TEN2: DAC channel2 trigger enable

This bit set and cleared by software to enable/disable DAC channel2 trigger

0: DAC channel2 trigger disabled and data written into DAC_DHRXx register is transferred
one APB1 clock cycle later to the DAC_DOR2 register.

1: DAC channel2 trigger enabled and data transfer from DAC_DHRXx register is transferred
three APB1 clock cycles later to the DAC_DOR?2 register.

Note: When software trigger is selected, it takes only one APB1 clock cycle for DAC_DHRx to
DAC_DOR2 register transfer.

171 RW BOFF2: DAC channel2 output buffer disable

This bit set and cleared by software to enable/disable DAC channel2 output buffer.
0: DAC channel2 output buffer enabled

1: DAC channel2 output buffer disabled

[16] RW EN2: DAC channel2 enable

This bit set and cleared by software to enable/disable DAC channel2.
0: DAC channel2 disabled

1: DAC channel2 enabled

[15:13] R Reserved, must be held at reset value.

[12] RW DMAEN1: DAC channel1l DMA enable
This bit is set and cleared by software.
0: DAC channel1l DMA mode disabled
1: DAC channel1l DMA mode enabled
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[11:8]

RW

MAMP1[3:0]: DAC channell mask/amplitude selector

These bits are written by software to select mask in wave generation mode or amplitude in
triangle generation mode.

0000: Unmask bit0 of LFSR/ Triangle Amplitude equal to 1

0001: Unmask bits[1:0] of LFSR/ Triangle Amplitude equal to 3

0010: Unmask bits[2:0] of LFSR/ Triangle Amplitude equal to 7

0011: Unmask bits[3:0] of LFSR/ Triangle Amplitude equal to 15

0100: Unmask bits[4:0] of LFSR/ Triangle Amplitude equal to 31

0101: Unmask bits[5:0] of LFSR/ Triangle Amplitude equal to 63

0110: Unmask bits[6:0] of LFSR/ Triangle Amplitude equal to 127
0111: Unmask bits[7:0] of LFSR/ Triangle Amplitude equal to 255
1000: Unmask bits[8:0] of LFSR/ Triangle Amplitude equal to 511
1001: Unmask bits[9:0] of LFSR/ Triangle Amplitude equal to 1023
1010: Unmask bits[10:0] of LFSR/ Triangle Amplitude equal to 2047
>1011: Unmask bits[11:0] of LFSR/ Triangle Amplitude equal to 4095

[7:6]

RW

WAVE1[1:0]: DAC channel1 noise/triangle wave generation enable
These bits are set/reset by software.

00: wave generation disabled

01: Noise wave generation enabled

1x: Triangle wave generation enabled

Note: only used if bit TENT = 1 (DAC channell trigger enabled)

[5:3]

RW

TSEL1[2:0]: DAC channell trigger selection

These bits select the external event used to trigger DAC channel1
000: Timer 6 TRGO event

001: Timer 8 TRGO event

010: Timer 7 TRGO event

011: Timer 5 TRGO event

100: Timer 2 TRGO event

101: Timer 4 TRGO event

110: External line9

111: Software trigger

Note: only used if bit TENT = 1 (DAC channel1 trigger enabled))

(2]

RW

TEN1: DAC channel trigger enable

This bit set and cleared by software to enable/disable DAC channel1 trigger

0: DAC channel1 trigger disabled and data written into DAC_DHRX register is transferred
one APB1 clock cycle later to the DAC_DOR1 register.

1: DAC channel1 trigger enabled and data transfer from DAC_DHRXx register is transferred
three APB1 clock cycles later to the DAC_DOR1 register

Note: When software trigger is selected, it takes only one APB1 clock cycle for DAC_DHRXx to
DAC_DORT1 register transfer

(1]

RW

BOFF1: DAC channell output buffer disable

This bit set and cleared by software to enable/disable DAC channell1 output buffer.
0: DAC channel1 output buffer enabled

1: DAC channel1 output buffer disabled

Z Y *megawin
| & &g

make you win

DocID 2157012 Rev 2.4 157/639



12 Digital-to-analog converter (DAC)

MG32F157xx Reference Manual

(0]

EN1: DAC channel1 enable

This bit set and cleared by software to enable/disable DAC channel.
0: DAC channel1 disabled

1: DAC channell enabled

RW

12.5.2 DAC software trigger register(DAC_SWTRIGR)

Register Address offset | Access | Resetvalue | Description
DAC_SWTRIGR 0x04 RW 0x0000_0000 | DAC software trigger Register
31 | 30 | 29 | 28 | 27 | 26 | 25 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 16
Reserved
15 | 14| 13| 12 | 11 | 10 | 9 8
Reserved
7 | 6 | 5 | 4 | 3 | 2 1 0
Reserved SWTRIG2 SWTRIG1
DAC software trigger register(DAC_SWTRIGR)bit description
Bit Access | Description
[31:2] R Reserved, must be held at reset value.
[1] RW SWTRIG2: DAC channel2 software trigger
This bit is set and cleared by software to enable/disable the software trigger.
0: Software trigger disabled
1: Software trigger enabled
Note: This bit is reset by hardware (one APB1 clock cycle later) once the DAC_DHR?2 register
value is loaded to the DAC_DOR2 register.
[0] RW SWTRIG1: DAC channell software trigger
This bit is set and cleared by software to enable/disable the software trigger.
0: Software trigger disabled
1: Software trigger enabled
Note: This bit is reset by hardware (one APB1 clock cycle later) once the DAC_DHR1 register
value is loaded to the DAC_DORT register.

12.5.3 DAC channel1 12-bit right-aligned data holding register(DAC_DHR12R1)

Register

Address offset | Access | Resetvalue | Description

DAC_DHR12R1

0x08 RW 0x0000_0000

ister

DAC channel1 12-bit right-aligned data holding reg-
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31 | 30 | 29 | 28 | 27 26 | 25 | 24
Reserved

23 | 22 | 21 | 20 | 19 18 | 17 | 16
Reserved

15 | 14 | 13 | 12 11 10 | 9 | 8

Reserved DACC1DHR[11:8]
7 | 6 | 5 | 4 3 2 | 1 | 0
DACC1DHR[7:0]
DAC channel1 12-bit right-aligned data holding register(DAC_DHR12R1)bit description
Bit Access | Description
[31:12] R Reserved, must be held at reset value.

[11: Q]

RW DACC1DHR[11:0]: DAC channel1 12-bit right-aligned data

These bits are written by software which specify 12-bit data for DAC channel1.

12.5.4 DAC channel1 12-bit left aligned data holding register(DAC_DHR12L1)

Register Address offset | Access | Resetvalue | Description
DAC_DHR12L1 0x0C RW 0x0000_0000 | DAC channel1 12-bit left aligned data holding regis-
ter
31 | 30 | 29 | 28 | 27 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 | 11 10 | 9 | 8
DACC1DHR[11:4]
7 | 6 | 5 | 4 3 2 | 1 | 0
DACC1DHRI[3:0] Reserved
DAC channel1 12-bit left aligned data holding register(DAC_DHR12L1)bit description
Bit Access | Description
[31:16] R Reserved
[15: 4] RW DACC1DHR[11:0]: DAC channel1 12-bit right-aligned data
These bits are written by software which specify 12-bit data for DAC channel1.
[3:0] R Reserved

12.5.5 DAC channel1 8-bit right aligned data holding register(DAC_DHR8R1)

Register

Address offset | Access

Reset value

Description

DAC_DHR8R1

0x10 RW

0x0000_0000

DAC channel1 8-bit right aligned data holding register

Z Y *megawin
| & &g

make you win

DocID 2157012 Rev 2.4

159/639



12

Digital-to-analog converter (DAC)

MG32F157xx Reference Manual

31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Reserved
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
DACC1DHR[7:0]
DAC channel1 8-bit right aligned data holding register(DAC_DHR8R1)bit description
Bit Access | Description
[31:8] R Reserved
[7: 0] RW DACC1DHR[7:0]: DAC channel1 8-bit right-aligned data
These bits are written by software which specify 8-bit data for DAC channel1.

12.5.6 DAC channel2 12-bit right aligned data holding register(DAC_DHR12R2)

Register Address offset | Access | Resetvalue | Description
DAC_DHR12R2 0x14 RW 0x0000_0000 | DAC channel2 12-bit right aligned data holding reg-
ister
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 11 | 10 | 9 | 8
Reserved DACC2DHR[11:8]
7 | 6 | 5 | 4 3 | 2 | 1 | 0
DACC2DHR[7:0]
DAC channel2 12-bit right aligned data holding register(DAC_DHR12R2)bit description
Bit Access | Description
[31:12] R Reserved
[11: 0] RW DACC2DHR[11:0]: DAC channel2 12-bit right-aligned data
These bits are written by software which specify 12-bit data for DAC channel2.

12.5.7 DAC channel2 12-bit left aligned data holding register(DAC_DHR12L2)

Register Address offset | Access | Resetvalue | Description
DAC_DHR12L2 0x18 RW 0x0000_0000 | DAC channel2 12-bit left aligned data holding regis-
ter
Ve i
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31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
DACC2DHR[11:4]
7 | 6 | 5 | 4 3 | 2 | 1 | 0
DACC2DHR[3:0] Reserved
DAC channel2 12-bit left aligned data holding register(DAC_DHR12L2)bit description
Bit Access | Description
[31:16] R Reserved
[15: 4] RW DACC2DHR[11:0]: DAC channel2 12-bit left-aligned data
These bits are written by software which specify 12-bit data for DAC channel2.
[3:0] R Reserved

12.5.8 DAC channel2 8-bit right-aligned data holding register(DAC_DHR8R2)

Register Address offset | Access | Reset value | Description
DAC_DHR8R2 0x1C RW 0x0000_0000 | DAC channel2 8-bit right-aligned data holding register
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14| 13| 12 | 11 | 10 | 9 | 8
Reserved
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
DACC2DHR[7:0]
DAC channel2 8-bit right-aligned data holding register(DAC_DHR8R2)bit description
Bit Access | Description
[31:8] R Reserved
[7: 0] RW DACC2DHR[7:0]: DAC channel2 8-bit right-aligned data
These bits are written by software which specify 8-bit data for DAC channel2.

12.5.9 Dual DAC 12-bit right-aligned data holding register(DAC_DHR12RD)

Register Address offset | Access | Reset value | Description
DAC_DHR12RD 0x20 RW 0x0000_0000 | Dual DAC 12-bit right-aligned data holding register
Ve i
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31 | 30 | 29 | 28 27 | 26 | 25 | 24
Reserved DACC2DHR[11:8]
23 | 22 | 21 | 20 19 | 18 | 17 | 16
DACC2DHR[7:0]
15 | 14 | 13 | 12 1 | 10 | 9 | 8
Reserved DACC1DHR[11:8]
7 | 6 | 5 | 4 3 | 2 | 1 | 0
DACC1DHR([7:0]

Dual DAC 12-bit right-aligned data holding register(DAC_DHR12RD)bit description
Bit Access | Description

[31:28] R Reserved

[27: 16] RW DACC2DHR[11:0]: DAC channel2 12-bit right-aligned data

These bits are written by software which specify 12-bit data for DAC channel2.
[15:12] R Reserved

[11: 0] RW DACC1DHR[11:0]: DAC channel1 12-bit right-aligned data

These bits are written by software which specify 12-bit data for DAC channel1.

12.5.10 DUAL DAC 12-bit left aligned data holding register(DAC_DHR12LD)

Register Address offset | Access | Resetvalue | Description
DAC_DHR12LD 0x24 RW 0x0000_0000 | DUAL DAC 12-bit left aligned data holding register
31 | 30 | 29 | 28 27 | 26 | 25 | 24
DACC2DHRI[11:4]
23 | 22 | 21 | 20 19 | 18 | 17 | 16
DACC2DHRI[3:0] Reserved
15 | 14 | 13 | 12 11 | 10 | 9 | 8
DACC1DHR[11:4]
7 | 6 | 5 | 4 3 | 2 | 1 | 0
DACC1DHRI[3:0] Reserved

DUAL DAC 12-bit left aligned data holding register(DAC_DHR12LD)bit description

Bit Access | Description
[31: 20] RW DACC2DHR[11:0]: DAC channel2 12-bit left-aligned data
These bits are written by software which specify 12-bit data for DAC channel2.
[19:16] R Reserved
[15: 4] RW DACC1DHR[11:0]: DAC channell1 12-bit left-aligned data
These bits are written by software, which specifies 12-bit data for DAC channel1.
[3:0] R Reserved

12.5.11 DUAL DAC 8-bit right aligned data holding register(DAC_DHRS8RD)

Register Address offset | Access | Reset value | Description
DAC_DHR8RD 0x28 RW 0x0000_0000 | DUAL DAC 8-bit right aligned data holding register
Ve
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31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 | 1 | 10 | 9 | 8
DACC2DHR[7:0]
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
DACC1DHR([7:0]

DUAL DAC 8-bit right aligned data holding register(DAC_DHR8RD)bit description

Bit Access | Description
[31:16] R Reserved
[15: 8] RW DACC2DHR[15:8]: DAC channel2 8-bit right-aligned data
These bits are written by software which specify 8-bit data for DAC channel2.
[7: 0] RW DACC1DHR[7:0]: DAC channel1 8-bit right-aligned data
These bits are written by software which specify 8-bit data for DAC channel1.

12.5.12 DAC channel1 data output register(DAC_DOR1)

Register | Address offset | Access | Reset value | Description

DAC_DOR1 0x2C RW 0x0000_0000 | DAC channell1 data output register

31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved

23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved

15 | 14 | 13 | 12 1 | 10 | 9 | 8

Reserved DACC1DORJ[11:8]
7 | 6 | 5 | 4 3 | 2 | 1 | 0

DACC1DOR[7:0]

DAC channel1 data output register(DAC_DOR1)bit description

Bit Access | Description
[31:12] R Reserved
[11: 0] RW DACC1DOR[11:0]: DAC channel1 data output
These bits are read only, they contain data output for DAC channel1.

12.5.13 DAC channel2 data output register(DAC_DOR?2)

Register | Address offset | Access | Reset value | Description
DAC_DOR2 0x30 RW 0x0000_0000 | DAC channel2 data output register

Va0
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31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 1 | 10 | 9 | 8
Reserved DACC2DOR[11:8]
7 | 6 | 5 | 4 3 | 2 | 1 | 0

DACC2DOR[7:0]

DAC channel2 data output register(DAC_DOR2)bit description

Bit Access | Description
[31:12] R Reserved,
[11: 0] RW DACC2DOR[11:0]: DAC channel2 data output
These bits are read only, they contain data output for DAC channel2.

Va0
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13 Direct memory access controller (DMA)
13.1 DMA introduction

The direct memory access (DMA) controller provides a hardware method of transferring data between
peripherals and/or memory without intervention from the CPU, thereby freeing up bandwidth for
other system functions. Data can be quickly moved by DMA between peripherals and memory as well
as memory and memory without any CPU actions.

There are two DMAC in MG32F157xx : DMAC1 and DMAC2. DMAC1 has 7 hardware channels and
DMAC?2 has 5 hardware channels. All the channels share the AHB bus master bus interface. An arbi-
tration scheme decides which of them is granted by the master bus interface.

The system bus is shared by the DMA controller and the Cortex™-M3 core. When the DMA and the
CPU are targeting the same destination, the DMA access may stop the CPU access to the system bus
for some bus cycles. Round-robin scheduling is implemented in the bus matrix to ensure at least half
of the system bus bandwidth for the CPU.

13.2 DMA Characteristics

« 1 AHB master interface, 1 AHB slave interface.

* AMBA 2.0-compliant

* 1 AHB slave interface —used to program the EMAC

» 2 AHB master interface(s)

« 12 (7 for DMAC1, 5 for DMAC2) independent channels

+ 12 (7 for DMAC1, 5 for DMAC2) hardware handshake signals

* Support for memory-to-memory, memory-to-peripheral, peripheral-to-memory, and peripheral-
to-peripheral DMA transfers

* Support for disabling channel without data loss

+ Source and destination can be on different AHB layers

+ Configurable data bus width for each AHB master interface

* Programmable source and destination for each channel

* Programmable DMA requesting source, priority for hardware handshaking interfaces, DMA
handshake interfaces for each channel

+ Configurable transfer type, transfer size for each channel

* Support single block DMA transfer

* Support DMAC as the flow controller of DMA transfer

* Support scatter and gather

* Support pseudo fly-by operation

* Support FIFO mode for each channel to improve the bandwidth

13.3 Pre-Configuration

To use the DMAC, the GPIO and AFIO should be configured correctly if needed. To save the power,
user can turn off the peripheral clocks if not need. Before configuring the DMAC1, user should enable
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the APB1 clock (SFR RCC_APB1PRE) and enable the DMAC clock (bit 15 and bit 0 of SFR RCC_APB1ENR).
Before configuring the DMAC2, user should enable the APB2 clock (SFR RCC_APB2PRE) and enable the
DMAC clock (bit 15 and bit 0 of SFR RCC_APB2ENR).

13.4 DMAC channel mapping

Tab 13.4-1 DMAC1 Channel list
Peripheral
ADC1 | TIM2.CH3 | TIM4 CH1 |  QSPIO AES_RX
assembly 1
Peripheral
€rpheral |\ JART3.TX | TIM1_CH1 | TIM2_UP | TIM3.CH3 | SPI1 RX | AES.TX
assembly 2
Peripheral
erpheral | JART3 RX | TIM1_CH2 | TIM3.CH4 | TIM3_UP | SPI1_TX
assembly 3
Peripheral
erPheral |\ UART1 TX | TIM1._CH4 | TIM1_TRIG | TIM1_COM | TIM4_CH2 | SPI2 RX | 12C2_TX
assembly 4
Peripheral
€rPheral |\ JART1 RX | TIM1.UP | SPI2.TX | TIM2.CH1 | TIM4_CH3 | 12C2 RX
assembly 5
Peripheral
erpheral | JART2_ RX | TIM1_CH3 | TIM3._CH1 | TIM3_TRIG | I12C1_TX
assembly 6
Peripheral
€rMPNeral |\ UART2. TX | TIM2_CH2 | TIM2.CH4 | TIM4 UP | 12C1 RX
assembly 7
Peripheral | Peripheral | Peripheral | Peripheral | Peripheral | Peripheral | Peripheral
assembly 1 | assembly 2 | assembly 3 | assembly 4 | assembly 5 | assembly 6 | assembly 7
ADC | ADCI
SPI SPI1_ RX | SPI1.TX | SPIZRX | SPIZTX
UART UART3.TX | UART3_RX | UART1_TX | UARTT_RX | UART2.RX | UART2 TX
12C 2C2TX | I12C2RX | I12C1 TX | I12C1 RX
TIM1_CH4
TIM1 TIM1_CH1 | TIM1_CH2 | TIM1_TRIG | TIM1_UP | TIM1_CH3
TIM1_COM
TIM2 | TIM2.CH3 | TIM2_uP TIM2_CH1 TIM2_CH2
TIM2_CH4
M3 T3 chz | TIM3CHA TIM3_CH1
TIM3_UP TIM3_TRIG
TIM4 | TIM4_CH1 TIM4_CH2 | TIM4_CH3 TIM4_UP
QSPI | QSPIO
AES | AES_RX AES_TX
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Tab 13.4-2 DMAC2 Channel list

Peripheral assembly 1 | TIM5_CH4 | TIM5_TRIG | TIM8_CH3 | TIM8_UP | SPI3_RX
Peripheral assembly 2 | TIM8_CH4 | TIM8_TRIG | TIM8_COM | TIM5_CH3 | TIM5_UP | SPI3_TX
Peripheral assembly 3 | TIM8_CH1 | UART4_RX | TIM6_UP DAC1
Peripheral assembly 4 | TIM5_CH2 TIM7_UP DAC2
Peripheral assembly 5 ADC3 TIM8_CH2 | TIM5_CH1 | UART4_TX
Peripheral Peripheral Peripheral Peripheral Peripheral
assembly 1 assembly 2 assembly 3 assembly 4 assembly 5
ADC ADC3
DAC DAC1 DAC2
SPI SPI3_RX SPI3_TX
UART UART4_RX UART4_TX
TIM5 TIMS_CH4 TIMS_CH3 TIM5_CH2 TIM5_CH1
TIM5_TRIG TIM5_UP
TIM6 TIM6_UP
TIM7 TIM7_UP
TIMS CH3 TIM8_CH4
TIM8 N TIM8_TRIG TIM8_CH1 TIM8_CH2
TIM8_UP
TIM8_COM
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13.5 DMA Block Diagram

Fig 13.5-1 DMA block diagram in connectivity line devices

| AHB layer2
A
‘DMAC
| MASTER I/F 2
: Interrupt
art:terz generator >
| \ 4
Hardware
channel O < > ,
Handshaking ¢ >
I/F
FIFO
CFG
SRC DST |
control | control A
v v
arbiter1 l SLAVE I/F
| MASTER I/F 1 A

v v

| AHB layer1

The DMAC including six main parts:

* Two AHB master bus interface, to do the DMA data transfer

* One AHB slave bus interface, to configure the DMAC

* One Arbiter for each AHB master interface, to decode which channel is granted

* Three channel controllers including the FIFOs, DMA source control, DMA destination control
+ Configuration and interrupt control

* Hardware handshaking interface
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13.6 Function Overview
13.6.1 DMA operation

Each DMA transfer consists of two operations, including the loading of data from the source and the
storage of the loaded data to the destination. Each DMA transfer includes three operations:

+ Read the data from the peripherals or memories based on the SFR SARx
* Write the data to the peripherals or memories based on the SFR DARx
+ Update the SFR SARx and DARx when the data transfer finish

User should configure the DMA channels and the handshake interfaces first. If hardware interface is
used, the peripherals will send DMA request to DMAC when their DMA events occur. The arbiter de-
cides which channel will be granted. When the channel is granted and the data transfer finish, DMAC
will send grant signal to the peripheral. The peripheral will stop requesting the DMA resources when
it receive the grant signal, and the DMAC will set the corresponding status and finish the data trans-
fer. The channel will also be disabled automatically. Then the user can configure the DMA channel to
other resources.

13.6.2 Arbitration for AHB master interface

Each DAMC channel has two request lines that request ownership of a particular master bus interface:
channel source and channel destination request lines. Source and destination arbitrate separately for
the bus.

An arbitration scheme decides which of the request lines is granted the particular master bus in-
terface. Each channel has a programmable priority. A request for the master bus interface can be
made at any time, but is granted only after the current AHB transfer (burst or single) has completed.
Therefore, if the master interface is transferring data for a lower priority channel and a higher prior-
ity channel requests service, then the master interface will complete the current burst for the lower
priority channel before switching to transfer data for the higher priority channel.

The following is the interface arbitration scheme employed when no channel has locked (Channel
Locking) the arbitration for the master bus interface:

« If only one request line is active at the highest priority level, then the request with the highest
priority wins ownership of the AHB master bus interface; it is not necessary for the priority levels
to be unique.

+ If more than one request is active at the highest requesting priority, then these competing re-
quests proceed to a second tier of arbitration.

« If equal priority requests occur, then the lower-numbered channel is granted. In other words, if
a peripheral request attached to Channel 7 and a peripheral request attached to Channel 8 have
the same priority, then the peripheral attached to Channel 7 is granted first.
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Fig 13.6-1 Arbitration Flow for Master Bus Interface
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13.6.3 DMA Handshaking

Handshake interfaces and protocols are needed to control the DMA data transfer starting and finish-
ing. The DMAC supports two kinds of handshake interfaces: software handshake interfaces and hard-
ware handshake interfaces. The user can configure it through the channel SFR CFGLx.HS_SEL_DST and
CFGLx.HS_SEL_SRC.

Software Handshake

When the slave peripheral requires the DMAC to perform a DMA transaction, it communicates this
request by sending an interrupt to NVIC. The interrupt service routine then uses the software reg-
isters below to initiate and control a DMA transaction. This group of software registers is used to
implement the software handshaking interface. The HS_SEL_SRC/HS_SEL_DST bit in the CFGx channel
configuration register must be set to enable software handshaking.

The software handshaking registers are:

* ReqSrcReg -source software transaction request

+ ReqDstReg —destination software transaction request
* SglReqSrcReg —single source transaction request

+ SglReqDstReg -single destination transaction request
* LstSrcReg -last source transaction request

+ LstDstReqg -last destination transaction request

13.6.4 Hardware Handshake

Each DMAC has 16 hardware handshake interfaces. The channel interfaces can be configured through
the SFR CFGxL.HS_SEL_SRC, CFGxH.SRC_PER, CFGxXL.HS_SEL_DST, CFGxH.DST_PER. The figure below
shows the DMA single transfer waveform and DMA burst transfer waveform.

Fig 13.6-2 DMA single data transfer
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Fig 13.6-3 DMA burst data transfer
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When the peripheral request DMA, the signal “dma_req” will be asserted (assert “dma_single_req”
for DMA single transfer). If the channel assigned to this peripheral can be granted by the arbiter,
the data transfer starts, and DMAC asserts the signal “dma_ack” . When all the data transfers are
finished, the devices will stop requesting by de-assert “dma_req” . Then DMAC will de-assert the
“dma_ack” in the next cycle. The DMA transfer size is configured by the channel SFR CTLx.SRC_MSIZE
and CTLx.DST_MSIZE.

Note: No handshaking interfaces are needed for the data transfer between DMA and SRAM.

13.6.5 Scatter

Scatter is relevant to a destination transfer. The destination address is incremented or decremented
by a programmed amount -the scatter increment -when a scatter boundary is reached. Figure 14-5
shows an example destination scatter transfer. The destination address is incremented or decre-
mented by the value stored in the destination scatter increment (DSRx.DSI) field, multiplied by the
number of bytes in a single AHB transfer to the destinations (decoded value of CTLx.DST_TR_WIDTH)/8
-when a scatter boundary is reached. The number of destination transfers between successive scatter
boundaries is programmed into the Destination Scatter Count (DSC) field of the DSRx register.

Scatter is enabled by writing a 1 to the CTLx.DST_SCATTER_EN field. The CTLx.DINC field deter-
mines if the address is incremented, decremented, or remains fixed when a scatter boundary is
reached. If the CTLx.DINC field indicates a fixed-address control throughout a DMA transfer, then
the CTLx.DST_SCATTER_EN field is ignored, and the scatter feature is automatically disabled.
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Fig 13.6-4 Example of Destination Scatter Transfer
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DSR.DSI * 4 = 0x40 (Scatter Increment in bytes)

13.6.6 Gather

Gather is relevant to a source transfer. The source address is incremented or decremented by a pro-
grammed amount when a gather boundary is reached. The number of source transfers between
successive gather boundaries is programmed into the Source Gather Count (SGRx.SGC) field. The
source address is incremented or decremented by the value stored in the source gather increment
(SGRx.SGI) field, multiplied by the number of bytes in a single AHB transfer from the source —-(decoded
value of CTLx.SRC_TR_WIDTH)/8 —-when a gather boundary is reached.

Gather is enabled by writing a 1 to the CTLx.SRC_GATHER_EN field. The CTLx.SINC field deter-
mines if the address is incremented, decremented, or remains fixed when a gather boundary is
reached. If the CTLx.SINC field indicates a fixed-address control throughout a DMA transfer, then
the CTLx.SRC_GATHER_EN field is ignored, and the gather feature is automatically disabled.
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Fig 13.6-5 Source Gather when SGR.SGI=0x1
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In general, if the starting address is A0 and CTLx.SINC =2’ b00 (increment source address control),

then the transfer will be:

AO, AO + TWB, A0 + 2*TWSB, ....... , (AO + (SGR.SGC-1)*TWB)

<-scatter_increment-> (A0 + (SGR.SGC*TWB) + (SGR.SGI *TWB))

TWB is the transfer width in bytes, decoded value of CTLx.SRC_TR_WIDTH/8 = src_single_size_bytes

13.6.7 AHB Transfer Error Handling
Upon occurrence of an error in an AHB transfer, the following occurs:

* DMA transfer in progress stops immediately
* Relevant channel is disabled
* Aninterrupt is issued (if not masked)

If multiple channels are enabled, only the one where the AHB error was detected is disabled.

The contents of the FIFO are not cleared, but they become inaccessible and are overwritten once the
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channel is re-enabled to start a new sequence.

There is no support for automatically resuming the transfer from the point where the error occurred,
and the full block transfer has to be re-initiated in order to be successfully completed.

The DMA does not use the hardware handshaking interface to signal the error occurrence in any
way, nor does it signal the end of a transfer. In practice, this means that if a request from a periph-
eral is active when the error occurs—dma_req is high if peripheral is the flow controller; dma_req or
dma_single are high if peripheral is not the flow controller—the channel is disabled without the DMA
ever asserting dma_ack (or dma_finish).

The hardware handshake interface on the peripheral side has to be re-initiated by the CPU upon de-
tection of the error interrupt. The dma_req signal needs to be brought low before the channel is
re-enabled and then brought high when the channel has been enabled.

13.6.8 Disabling a Channel Prior to Transfer Completion

Under normal operation, software enables a channel by writing a1 to the channel enable register,
ChEnReg.CH_EN, and hardware disables a channel on transfer completion by clearing the ChEn-
Reg.CH_EN register bit.

The recommended way for software to disable a channel without losing data is to use the CH_SUSP
bit in conjunction with the FIFO_EMPTY bit in the Channel Configuration Register (CFGx).

« If software wishes to disable a channel prior to the DMA transfer completion, then it can set
the CFGx.CH_SUSP bit to tell the DW_ahb_dmac to halt all transfers from the source peripheral.
Therefore, the channel FIFO receives no new data.

+ Software can now poll the CFGx.FIFO_EMPTY bit until it indicates that the channel FIFO is empty.

* The ChEnReg.CH_EN bit can then be cleared by software once the channel FIFO is empty

* When CTLX.SRC_TR_WIDTH < CTLx.DST_TR_WIDTH and the CFGx.CH_SUSP bit s high, the CFGx.FIFO_EMPTY
is asserted once the contents of the FIFO do not permit a single word of CTLx.DST_TR_WIDTH to
be formed. However, there may still be data in the channel FIFO, but not enough to form a sin-
gle transfer of CTLx.DST_TR_WIDTH. In this scenario, once the channel is disabled, the remaining
data in the channel FIFO is not transferred to the destination peripheral.

Itis permissible to remove the channel from the suspension state by writing a0 to the CFGx.CH_SUSPregister.
The DMA transfer completes in the normal manner.

13.6.9 Programming Examples

Below is an example showing how to program DMA.

* Read the Channel Enable register to choose a free (disabled) channel;

* Clear any pending interrupts on the channel from the previous DMA transfer by writing to the
Interrupt Clear registers: ClearTfr, ClearBlock, ClearSrcTran, ClearDstTran, and ClearErr. Reading
the Interrupt Raw Status and Interrupt Status registers confirms that all interrupts have been
cleared.

* Program the following channel registers:

Va0
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- Write the starting source address in the SARx register for channel x
- Write the starting destination address in the DARXx register for channel x
- Write the control information for the DMA transfer in the CTLx register for channel x

* Setup the transfer type (memory or non-memory peripheral for source and destination)
and flow control device by programming the TT_FC of the CTLx register.

# Set up the transfer characteristics, such as:

- Transfer width for the source in the SRC_TR_WIDTH field.

- Transfer width for the destination in the DST_TR_WIDTH field.

- Source master layer in the SMS field where the source resides.

- Destination master layer in the DMS field where the destination resides.

- Incrementing/decrementing or fixed address for the source in the SINC field.

- Incrementing/decrementing or fixed address for the destination in the DINC field.
- Write the channel configuration information into the CFGx register for channel x

* Designate the handshaking interface type (hardware or software) for the source and
destination peripherals; this is not required for memory. This step requires program-
ming the HS_SEL_SRC/HS_SEL_DST bits, respectively. Writing a 0 activates the hardware
handshaking interface to handle source/destination requests. Writing a 1 activates the
software handshaking interface to handle source and destination requests.

* If the hardware handshaking interface is activated for the source or destination periph-
eral, assign a handshaking interface to the source and destination peripheral; this re-
quires programming the SRC_PER and DEST_PER bits, respectively.

 Ensure that bit 0 of the DmaCfgReg register is enabled before writing to ChEnReg.

+ Source and destination request single and burst DMA transactions in order to transfer the block
of data (assuming non-memory peripherals). The DW_ahb_dmac acknowledges at the comple-
tion of every transaction (burst and single) in the block and carries out the block transfer.

+ Once the transfer completes, hardware sets the interrupts and disables the channel. At this
time, you can respond to either the Block Complete or Transfer Complete interrupts, or poll for
the transfer complete raw interrupt status register (RawTfr[n], n = channel number) until it is
set by hardware, in order to detect when the transfer is complete. Note that if this polling is
used, the software must ensure that the transfer complete interrupt is cleared by writing to the
Interrupt Clear register, ClearTfr[n], before the channel is enabled.

13.6.10 Interrupt

Each Channel has five interrupt sources:

* IntBlock -Block Transfer Complete Interrupt

+ IntDstTran -Destination Transaction Complete Interrupt
* IntErr —Error Interrupt

+ IntSrcTran -Source Transaction Complete Interrupt

+ IntTfr -DMA Transfer Complete Interrupt

There are several groups of interrupt-related registers:

« RawBlock, RawDstTran, RawErr, RawSrcTran, RawTfr
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« StatusBlock, StatusDstTran, StatusErr, StatusSrcTran, StatusTfr

+ MaskBlock, MaskDstTran, MaskErr, MaskSrcTran, MaskTfr

» ClearBlock, ClearDstTran, ClearErr, ClearSrcTran, ClearTfr

* StatusInt

* When a channel has been enabled to generate interrupts, the following is true:

« Interrupt events are stored in the Raw Status registers.

* The contents of the Raw Status registers are masked with the contents of the Mask registers.

* The masked interrupts are stored in the Status registers.

* The contents of the Status registers are used to drive the int_* port signals.

« Writing to the appropriate bit in the Clear registers clears an interrupt in the Raw Status registers
and the Status registers on the same clock cycle.

* The contents of each of the five Status registers is ORed to produce a single bit for each interrupt
type in the Combined Status register; that is, StatusInt.

Va0
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13.7 DMA Register

Tab 13.7-1

DMA register map

Offset

| Register

Reset value

Description

DMA1: DMA1_BA = 0x4002_0000
DMA2: DMA2_BA = 0x4002_0400

0x0+x*0x58 | DMA_SARXx (x=0...6) 0x0000_0000 Source Address for Channel x
0x8+x*0x58 | DMA_DARX (x=0...6) 0x0000_0000 Destination Address for Channel x
0x18+x*0x58 | DMA_CTLLx (x=0...6) 0x0030_4801 Channel Control register Low
0x1C+x*0x58| DMA_CTLHXx (x=0...6) 0x0000_0002 Channel Control register High
0x40+x*0x58 | DMA_CFGLXx (x=0...6) 0x00000C00+x*0x20 | Channel Configuration register Low
0x44+x*0x58 | DMA_CFGHXx (x=0...6) 0x0000_0002 Channel Configuration register High
0x48+x*0x58 | DMA_SGRx (x=0...6) 0x0000_0000 Source Gather Register
0x50+x*0x58 | DMA_DSRx (x=0...6) 0x0000_0000 Destination Scatter Register
Interrupt Raw Status Register(DMA_INTRAW)
0x2C0 RawTfr 0x0000_0000 End of DMA transfer interrupts the original status register
0x2C8 RawBlock 0x0000_0000 The end of block transfer interrupts the original status reg-
ister
0x2D0 RawSrcTran 0x0000_0000 The source end of transmission interrupts the original sta-
tus register
0x2D8 RawDstTran 0x0000_0000 Destination end of transmission interrupt original status
register
0x2EOQ RaweErr 0x0000_0000 Bus error interrupt register
Interrupt Status Register(DMA_INTSTA)
Ox2E8 StatusTfr 0x0000_0000 End of DMA transfer interrupts the original status register
0x2F0 StatusBlock 0x0000_0000 The end of block transfer interrupts the original status reg-
ister
O0x2F8 StatusSrcTran 0x0000_0000 The source end of transmission interrupts the original sta-
tus register
0x300 StatusDstTran 0x0000_0000 Destination end of transmission interrupt original status
register
0x308 StatusErr 0x0000_0000 Bus error interrupt register
DMA interrupt mask register group(DMA_INTMSK)
0x310 MaskTfr 0x0000_0000 DMA transfer end interrupt mask register
0x318 MaskBlock 0x0000_0000 Block transfer end interrupt mask register
0x320 MaskSrcTran 0x0000_0000 Source-end transfer interrupt mask register
0x328 MaskDstTran 0x0000_0000 Destination end of transmission interrupt mask register
0x330 MaskErr 0x0000_0000 Bus error interrupt mask register
DMA interrupt clears register group(DMA_INTCLR)
0x338 ClrTfr 0x0000_0000 DMA transfer end interrupt clear register
0x340 ClrBlock 0x0000_0000 Block transfer end interrupt clear register
0x348 ClrSrcTran 0x0000_0000 Source-end transfer interrupt clear register
0x350 ClrDstTran 0x0000_0000 Destination end of transmission interrupt clear register
0x358 ClrErr 0x0000_0000 Bus error interrupt clear register
0x360 DMA_StatusInt 0x0000_0000 Status for each Interrupt type: StatuslInt
0x368 DMA_ReqSrcReg 0x0000_0000 Source Software Transaction Request register
0x370 DMA_ReqgDstReg 0x0000_0000 Destination Software Transaction Request register
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(continued )

Offset Register Reset value Description

0x378 DMA_SgIRqgSrcReg 0x0000_0000 Source Single Transaction Request register
0x380 DMA_SglRgDstReg 0x0000_0000 Destination Single Transaction Request register
0x388 DMA_LstSrcReg 0x0000_0000 Source Last Transaction Request register
0x390 DMA_LstDstReg 0x0000_0000 Destination Last Transaction Request register
0x398 DMA_DmacCfgReg 0x0000_0000 DMA Configuration Register

0x3A0 DMA_ChEnReg 0x0000_0000 Channel Enable register

0x3F8 DMA_DmaCompsIDO | 0x4457_1110 DMA ID register0

0x3FC DMA_DmaCompsID1 0x0000_0000 DMA ID register1

Note: 71.Although the peripherals below have DMA requesting signals, but they are not connected to DMAC block. So hard-
ware handshake are not supported. If needed, please use software handshake instead:

+ TIM2_COM and TIM2_TRIG
+ TIM3_CC2 and TIM3_COM

» TIM4_CC4, TIM4_COM and TIM4_TRIG

2.ADC only support single DMA transfer
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13.7.1 Source Address for Channel x(DMA_SARXx)(x = 0...6)

Register Address offset | Access | Resetvalue | Description
DMA_SARx | 0x000 + 0x058 * x RW 0x0000_0000 | Source Address for Channel x

Source Address for Channel x bit description

Bit Access | Description
[31:0] RW SAR: The source address of the current transmission is automatically updated after the
source end completes a read. The update mode is determined by the CTL register SINC.

This register is software-writable when corresponding to CH_EN=0.

The initial value of the SAR is usually configured by the software before opening CH_EN, or updated automatically by
the LLI before a new DMA transfer, and updated in real time by the hardware state machine when the DMA transfer

has begun.

13.7.2 Destination Address for Channel x(DMA_DARX)(x = 0...6)

Register Address offset | Access | Resetvalue | Description
DMA_DARx | 0x008 + 0x058 * x RW 0x0000_0000 | Destination Address for Channel x

Destination Address for Channel x(DMA_DARXx)bit description
Bit Access | Description

[31:0] RW DAR: The source address of the current transmission is automatically updated after the
source end completes a read. The update mode is determined by the CTL register SINC.

This register is software-writable when corresponding to CH_EN=0.

The initial value of the DAR is also usually configured by the software before opening CH_EN, or updated automatically
by the LLI before a new DMA transfer, and updated in real time by the hardware state machine when the DMA transfer
has begun.

In continuous multi-block transmission, there may be an address mismatch between the end of the block and the
start of the block. At this time, DMA will fine-tune SAR/DAR. For example, when 9 blocks are transmitted, the data
transmission bit width of the source side is 16, the data transmission bit width of the target side is 32, and the target
transmission mode is continuous multi-block. In this way, the target end needs to write 9x16/32=4.5 times each time.
Ifthe address is incremental, DMA automatically writes low 16 at the end of the first round and high 16 at the beginning
of the next round. If the address is decremented, high 16 is written at the end of the first round and low 16 is written

at the beginning of the next round.

13.7.3 Channel Control register Low(DMA_CTLLx)(x = 0...6)

Register Address offset | Access | Resetvalue | Description
DMA_CTLLx | Ox018 + 0x058 * x RW 0x0030_4801 | Channel Control register Low
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31 | 30 | 29 28 27 26 | 25 | 24
Reserved LLP_SRC_EN | LLP_DST_EN Reserved
23 22 | 21 20 19 18 | 17 16
Reserved TT_FC[2:0] Reserved SRC_MSIZE[2]
15 14 13 | 12 11 10 | 9 8
SRC_MSIZE[1:0] DEST_MSIZE[2:0] SINC[1:0] DINC[1]
7 6 5 | 4 3 2 | 1 0
DINCI[O] SRC_TR_WIDTH[2:0] DST_TR_WIDTH[2:0] INT_EN
Channel Control register Low(DMA_CTLLx)bit description
Bit Access | Description
[31:29] R Reserved
[28] RW LLP_SRC_EN Source link mode switch. 0: disable. 1: Open;
After this function is enabled, related configurations on the source end are automatically
read and loaded by LLI (start address LLP->LOC) after block transmission is complete.
This mode does not take effect when the LLP->LOC register is 0.
[27] RW LLP_DST_EN Link mode switch of the target end. 0: disable. 1: Open;
After this function is enabled, the configurations of the target end are automatically read
and loaded by LLI (start address LLP->LOC) after block transmission is complete.
This mode does not take effect when the LLP->LOC register is 0.
[26:23] RW Reserved,Fixed with 0.
[22:20] RW TT_FC[2:0]: Transmission type selection, multi-module transmission of the register must be
the same configuration
0: MEM -> MEM,;
1: MEM - > peripherals;
2: Peripheral ->MEM;
3: Peripheral -> Peripheral;
4-7: reserved;
[19:17] - Reserved
[16:14] RW SRC_MSIZE[2:0]: Source Burst Transaction Length. Multiplied by SRC_TR_WIDTH is the total
number of data read per transfer,
0x0: Number of data items to be transferred is 1
0x1: Number of data items to be transferred is 4
0x2: Number of data items to be transferred is 8
0x3: Number of data items to be transferred is 16
0x4: Number of data items to be transferred is 32
0x5: Number of data items to be transferred is 64
0x6: Number of data items to be transferred is 128
0x7: Number of data items to be transferred is 256
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[13:11] RW DEST_MSIZE[2:0]: The length configuration of a single target transmission, multiplied by
DST_TR_WIDTH, is the total number of data written out per transmission
0x0: Number of data items to be transferred is 1
0x1: Number of data items to be transferred is 4
0x2: Number of data items to be transferred is 8
0x3: Number of data items to be transferred is 16
0x4: Number of data items to be transferred is 32
0x5: Number of data items to be transferred is 64
0x6: Number of data items to be transferred is 128
0x7: Number of data items to be transferred is 256
[10:9] RW SINC[1:0]: Source Address Increment.

0x0: Increments the source address

0x1: Decrements the source address

0x2: No change in the source address

0x3: No change in the source address

[8:7] RW DINC[1:0]: Destination Address Increment.

0x0: Increments the destination address

0x1: Decrements the destination address

0x2: No change in the destination address

0x3: No change in the destination address

[6:4] RW SRC_TR_WIDTH][2:0]: Source Transfer Width

0x0: Source transfer width is 8 bits

0x1: Source transfer width is 16 bits

0x2: Source transfer width is 32 bits

0x3: Source transfer width is 32 bits

0x4: Source transfer width is 32 bits

0x5: Source transfer width is 32 bits

0x6: Source transfer width is 32 bits

0x7: Source transfer width is 32 bits

[3:1] RW DST_TR_WIDTH[2:0]: Destination Transfer Width
0x0: Destination transfer width is 8 bits

0x1: Destination transfer width is 16 bits

0x2: Destination transfer width is 32 bits

0x3: Destination transfer width is 32 bits

0x4: Destination transfer width is 32 bits

0x5: Destination transfer width is 32 bits

0x6: Destination transfer width is 32 bits

0x7: Destination transfer width is 32 bits

[0] RW INT_EN: Interrupt Enable Bit. 0: off, 1: on.

Note: The Raw interrupt register is not controlled by this enable;

When CH_EN=0, the software can be written.

13.7.4 Channel Control register High(DMA_CTLHXx)(x = 0...6)

Register Address offset Access | Resetvalue | Description
DMA_CTLHx | 0x01C + 0x058 * x RW 0x0000_0002 | Channel Control register High
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31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 12 11 | 10 | 9 | 8
Reserved DONE BLOCK_TS[11:8]
7 | 6 | 5 4 3 | 2 | 1 | 0
BLOCK_TS[7:0]
Channel Control register High(DMA_CTLHx)bit description
Bit Access | Description
[31:13] R Reserved
[12] RW DONE: Current LLI completion status, 0: not completed; 1: complete;
When the software is configuring the LLI, the bit must be set to 0. After starting the LLI, the
bit can be observed to find the completion status.
[11:0] RW BLOCK TS[11:0]: W:The total length of a transfer block is equal to BLOCK TS *
SRC_TR_WIDTH
R:The value is retained before startup. After startup, the length is actually moved from the
source end, increasing from 0

When CH_EN=0, the software can be written.

When the status write back function is turned on, the register is written to the LLI address when the last transfer block
DONE is pulled up.

The software can detect LLI->CTLx_H->DONE to determine whether the block transfer has ended, and the DONE must

be cleared before the Channel is enabled

13.7.5 Channel Configuration register Low(DMA_CFGLXx)(x = 0...6)

Register Address offset | Access Reset value Description
DMA_CFGLx | 0x040 + 0x058 * x RW 0x0000_0C00 + 0x20 * x | Channel Configuration register Low
31 30 29 | 28 27 26 25 | 24
RELOAD_DST| RELOAD_SRC MAX_ABRST[9:4]
23 22 21 | 20 19 18 17 | 16
MAX_ABRST[3:0] SRC_HS_POL| DST_HS_POL Reserved
15 | 14 | 13 | 12 11 10 9 8
Reserved HS_SEL_SRC | HS_SEL_DST | FIFO_EMPTY| CH_SUSP
7 | 6 | 5 4 3 2 1 0
CH_PRIOR Reserved
Channel Configuration register Low(DMA_CFGLx)bit description
Bit Access | Description
[31] RW RELOAD_DST: Automatic loading DAR is enabled. 0: disabled. 1: Open;

In multi-module transmission, DMA can automatically load new DAR when a transmission

block is finished.
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[30]

RW

RELOAD_SRC: Automatic loading SRC is enabled. 0: disabled. 1: Open;
In multi-module transmission, DMA can automatically load new SRC when a transmission
block is finished.

[29:20]

RW

MAX_ABRST: Maximum single transmission length upper limit, 0: do not do the upper
limit, generally equal to the FIFO depth

[19]

RW

SRC_HS_POL: Source Handshaking Interface Polarity.
0x0: Source Handshaking Interface Polarity is Active high
0x1: Source Handshaking Interface Polarity is Active low

(18]

RW

DST_HS_POL: Destination Handshaking Interface Polarity.
0x0: Destination Handshaking Interface Polarity is Active high
0x1: Destination Handshaking Interface Polarity is Active low

[17:12]

Reserved

(111

RW

HS_SEL_SRC: Source handshake selection
0x0: Hardware handshaking interface.

0x1: Software handshaking interface.

The MEM type does not require a handshake;

[10]

RW

HS_SEL_DST: Destination terminal selection
0x0: Hardware handshaking interface.

0x1: Software handshaking interface.

The MEM type does not require a handshake;

[9]

FIFO_EMPTY: FIFO data observation signal;
0x0: Channel FIFO is not empty
0x1: Channel FIFO is empty

(8]

RW

CH_SUSP: The Channel pause function is enabled. 0: disables. 1: Pause the transmission;
It is best to operate the pause function when FIFO_EMPTY is 1;

[7:5]

RW

CH_PRIOR: Channel priority: When multiple channels request the bus at the same time, for
DMAT, 6 has the highest priority and 0 has the lowest priority. For DMA2,4 has the highest
priority and 0 has the lowest priority.

[4:0]

Reserved

13.7.6 Channel Configuration register High(DMA_CFGHXx)(x = 0...6)

Register Address offset | Access | Resetvalue | Description
DMA_CFGHXx | 0x044 + 0x058 * x RW 0x0000_0002 | Channel Configuration register High
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 14| 13| 12 | 11 10 | 9 | 8
Reserved DEST_PER[3:0] SRC_PER[3:1]

7 6 5 4 | 3 2 1 0
SRC_PER[O] | SS_UPD_EN | DS_UPD_EN PROTCTL[2:0] FIFO_MODE Reserved
Channel Configuration register High(DMA_CFGHXx)bit description

Bit Access | Description
[31:15] R Reserved
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[14:11] RW DEST_PER[3:0]: Select the target hardware handshake signal.Ilt takes effect when
HS_SEL_DST=0
DMA1
0:ADC1,TIM2_CH3,TIM4_CH1,QSPI0,AES_RX;
1:UART3_TX,TIM1_CH1,TIM2_UPTIM3_CH3,SPI1_RX,AES_TX;
2:UART3_RX,TIM1_CH2,TIM3_CH4,TIM3_UP,SPI1_TX,AES_TX;
3:UART1_TX,TIM1_CH4,TIM1_TRIG,TIM1_COM,TIM4_CH2,SPI2_RX,12C2_TX;
4:UART1_RX,TIM1_UP,SPI2_TX,TIM2_CH1,TIM4_CH3,12C2_RX, AES_RX;
5:UART2_RX,TIM1_CH3,TIM3_CH1,TIM3_TRIG,I2C1_TX;
6:UART2_TX,TIM2_CH2,TIM2_CH4,TIM4_UP,I12C1_RX;
DMA2
0: TIM5_CH4,TIM5_TRIG,TIM8_CH3,TIM8_UP,SPI3_RX;
1: TIM8_CH4,TIM8_TRIG,TIM8_COM,TIM5_CH3,TIM5_UP,SPI3_TX;
2: TIM8_CH1,UART4_RX,TIM6_UP,DAC1;
3: TIM5_CH2,TIM7_UP,DAC2;
4: ADC3,TIM8_CH2,TIM5_CH1,UART4_TX;
[10:7] RW SRC_PER[3:0]: Select the target hardware handshake signal.lt takes effect when

HS_SEL_SRC==0
DMA1
0:ADC1,TIM2_CH3,TIM4_CH1,QSPI0,AES_RX;
1:UART3_TX,TIM1_CH1,TIM2_UPTIM3_CH3,SPI1_RX,AES_TX;
2:UART3_RX,TIM1_CH2,TIM3_CH4,TIM3_UP,SPI1_TX,AES_TX;
3:UART1_TX,TIM1_CH4,TIM1_TRIG,TIM1_COM,TIM4_CH2,SPI2_RX,12C2_TX;
4:UART1_RX,TIM1_UP,SPI2_TX,TIM2_CH1,TIM4_CH3,12C2_RX,AES_RX;
5:UART2_RX,TIM1_CH3,TIM3_CH1,TIM3_TRIG,I12C1_TX;
6:UART2_TX,TIM2_CH2,TIM2_CH4,TIM4_UP,I2C1_RX;
DMA2
0: TIM5_CH4,TIM5_TRIG,TIM8_CH3,TIM8_UP,SPI3_RX;
1:TIM8_CH4,TIM8_TRIG,TIM8_COM,TIM5_CH3,TIM5_UP,SPI3_TX;
2:TIM8_CH1,UART4_RX,TIM6_UP,DACT;
3:TIM5_CH2,TIM7_UP,DAC2;
4:ADC3,TIM8_CH2,TIM5_CH1,UART4_TX;

[6] RW SS_UPD_EN: Status update on the source end is enabled. O: disables. 1: After the SSTAT is
updated, it is also written to LLI.

[5] RW DS_UPD_EN: Status update of the target end is enabled. 0: disables. 1: After the SSTAT is
updated, it is also written to LLL.

[4:2] RW Reserved, Keep 1;
[1] RW FIFO_MODE: FIFO Mode Select.

0: Start reading every time the write is complete; 1: Read only when the state is half full;

[0]

Reserved

13.7.7 Source Gather Register(DMA_SGRXx)(x = 0...6)

Register

Address offset | Access | Resetvalue | Description

DMA_SGRx

0x048 + 0x058 * x RW 0x0000_0000 | Source Gather Register
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31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
SGC[11:4]
23 | 22 | 21 | 20 19 | 18 | 17 | 16
SGC[3:0] SGI[19:16]
15 | 14 | 13 | 12 11 | 10 | 9 | 8
SGI[15:8]
7 | 6 | 5 | 4 3 | 2 | 1 | 0
SGI[7:0]
Source Gather Register(DMA_SGRx)bit description
Bit Access | Description
[31:20] RW SGC[11:0]: Source Gather Count. Source contiguous tranfer count between successive
gather boundaries.
[19:0] RW SGI[19:0]: Source Gather Interval.

13.7.8 Destination Scatter Register(DMA_DSRXx)(x = 0...6)

Register Address offset | Access | Resetvalue | Description
DMA_DSRx | 0x050 + 0x058 * x RW 0x0000_0000 | Destination Scatter Register
31 | 30 | 29 | 28 27 | 26 | 25 | 24
DSC[11:4]
23 | 22 | 21 | 20 19 | 18 | 17 | 16
DSC[3:0] DSI[19:16]
15 | 14 | 13 | 12 11 | 10 | 9 | 8
DSI[15:8]
7 | 6 | 5 | 4 3 | 2 | 1 | 0
DSI[7:0]
Destination Scatter Register(DMA_DSRXx)bit description
Bit Access | Description
[31:20] RW DSC[11:0]: Destination Scatter Count. Destination contiguous transfer count between suc-
cessive scatter boundaries.
[19:0] RW DSI[19:0]: Destination Scatter Interval.

13.7.9 Interrupt Raw Status Register(DMA_INTRAW)

Register Address offset | Access | Reset value
RawTfr 0x2C0 R 0x0000_0000
RawBlock 0x2C8 R 0x0000_0000
RawSrcTran 0x2D0 R 0x0000_0000
RawDstTran 0x2D8 R 0x0000_0000
Rawerr 0x2EO R 0x0000_0000
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31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Reserved
7 6 | 5 | 4 | 3 | 2 | 1 | 0
Reserved RawTfr / RawBlock / RawSrcTran /RawDstTran / RawErr
Interrupt Raw Status Register(DMA_INTRAW)bit description
Bit Access | Description
[31:7] R Reserved
[6:0] RW RawTfr / RawBlock / RawSrcTran /RawDstTran / RaweErr: The last source end transmis-

Bit6:CH7

Bit0:CH1

sion ends the interrupt information, when the interrupt occurs, pull up;
Each bit represents the corresponding CH, which can be cleared by writing 1 for each bit in
the corresponding ClearTfr.

RAW information cannot be masked

This register can be modified directly, but this operation is not recommended, you should use the Clear* register to

clear both Raw* and Status*.

13.7.10 Interrupt Status Register(DMA_INTSTA)

Register Address offset | Access | Reset value
StatusTfr Ox2E8 R 0x0000_0000
StatusBlock 0x2F0 R 0x0000_0000
StatusSrcTran Ox2F8 R 0x0000_0000
StatusDstTran 0x300 R 0x0000_0000
StatusErr 0x308 R 0x0000_0000
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Reserved
7 6 | 5 | 4 | 3 | 2 | 1 | 0
Reserved StatusTfr / StatusBlock / StatusSrcTran / StatusDstTran / StatusErr
Interrupt Status Register(DMA_INTSTA)bit description
Bit Access | Description
[31:7] R Reserved
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[6:0] R StatusTfr / StatusBlock / StatusSrcTran / StatusDstTran / StatusErr: All transmission
ends interrupt information, when the interruption occurs pull up;

Each bit represents the corresponding CH, which can be cleared by writing 1 for each bit in
the corresponding ClearTfr.

Bit6:CH7

Bit0:CH1
The register can be masked

13.7.11 Interrupt Mask Register(DMA_INTMSK)

Register Address offset | Access | Reset value
MaskTfr 0x310 RW 0x0000_0000
MaskBlock 0x318 RW 0x0000_0000
MaskSrcTran 0x320 RW 0x0000_0000
MaskDstTran 0x328 RW 0x0000_0000
MaskErr 0x330 RW 0x0000_0000
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 14 | 13 | 12 | 11 | 10 | 9 | 8
Reserved WriteEN
7 6 | 5 | 4 | 3 | 2 | 1 | 0
Reserved MaskTfr / MaskBlock / MaskSrcTran / MaskDstTran / MaskErr

Interrupt Mask Register(DMA_INTMSK)bit description
Bit Access | Description
[31:15] - Reserved
[14:8] W WriteEN: The write function of each (MaskTfr / MaskBlock / MaskSrcTran / MaskDstTran /
MaskErr) is enabled. 0: cannot be written. 1: writable;
Bit14:CH7

Bit8:CH1

[7] - Reserved
[6:0] RW MaskTfr / MaskBlock / MaskSrcTran / MaskDstTran / MaskErr: Mask enable . 0: mask,
1: not mask.

Each bit represents the corresponding CH;
Bit6:CH7

Bit0:CH1
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13.7.12 Interrupt Clear Register(DMA_INTCLR)

Register | Address offset | Access | Reset value
ClrTfr 0x338 W 0x0000_0000
ClrBlock 0x340 W 0x0000_0000
ClrSrcTran 0x348 W 0x0000_0000
ClrDstTran 0x350 W 0x0000_0000
ClrErr 0x358 W 0x0000_0000
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Reserved
7 6 | 5 | 4 | 3 | 2 | 1 | 0
Reserved ClrTfr / ClrBlock / ClrSrcTran / ClrDstTran / ClrErr
Interrupt Clear Register(DMA_INTCLR)bit description
Bit Access | Description
[31:7] R Reserved
[6:0] W ClrTfr / CilrBlock / ClrSrcTran / ClrDstTran / ClrErr: Write 1 to clear RawTfr and StatusTfr
information,
Each bit represents the corresponding CH;
Bit6:CH7
Bit0:CH1

13.7.13 Status for each Interrupt type(DMA_StatusInt)

Register Address offset | Access | Resetvalue | Description
DMA_StatusInt 0x360 R 0x0000_0000 | Status for each Interrupt type
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Reserved
7 | 6 | 5 4 3 2 1 0
Reserved ERR DSTT SRCT BLOCK TFR
Status for each Interrupt type(DMA_StatusInt)bit description
Bit Access | Description
[31:5] R Reserved
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[4] R ERR: OR of the contents of StatusErr

0x0 (INACTIVE): OR of the contents of StatusErr register is 0

0x1 (ACTIVE): OR of the contents of StatusErr register is 1

[3] R DSTT: OR of the contents of StatusDstTran

0x0 (INACTIVE): OR of the contents of StatusDstTran register is 0
0x1 (ACTIVE): OR of the contents of StatusDstTran register is 1
[2] R SRCT: OR of the contents of StatusSrcTran

0x0 (INACTIVE): OR of the contents of StatusSrcTran register is 0
0x1 (ACTIVE): OR of the contents of StatusSrcTran register is 1
[1] R BLOCK: OR of the contents of StatusBlock register

0x0 (INACTIVE): OR of the contents of StatusBlock register is 0
0x1 (ACTIVE): OR of the contents of StatusBlock register is 1

[0] R TFR: OR of the contents of StatusTfr register

0x0 (INACTIVE): OR of the contents of StatusTfr register is 0

0x1 (ACTIVE): OR of the contents of StatusTfr register is 1

13.7.14 Source Software Transaction Request register(DMA_ReqSrcReg)

Register Address offset | Access | Resetvalue | Description
DMA_ReqSrcReg 0x368 RW 0x0000_0000 | Source Software Transaction Request register
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 14| 13| 12 | 11 | 10 | 9 | 8
Reserved WriteEN
7 6 | 5 | 4 | 3 | 2 | 1 | 0
Reserved SRC_REQ

Source Software Transaction Request register(DMA_ReqSrcReg)bit description

Bit Access | Description
[31:15] - Reserved
[14:8] w WriteEN: The write function of each SRC_REQ is enabled. 0: cannot be written. 1: writable;
Bit14:CH7
Bit8:CH1
[7] - Reserved
[6:0] RW SRC_REQ : Source handshake request: 0: do not apply. 1: Request a handshake;

Each bit represents the corresponding CH, and HS_SEL_SRC of the corresponding CH must
be 1 (software handshake) to take effect.
Bit6:CH7

Bit0:CH1
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13.7.15 Destination Software Transaction Request register(DMA_ReqDstReg)

Register Address offset | Access | Reset value | Description
DMA_ReqDstReg 0x370 RW 0x0000_0000 | Destination Software Transaction Request register
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 14| 13| 12 | 11 | 10 | 9 | 8
Reserved WriteEN
7 6 | 5 | 4 | 3 | 2 | 1 | 0
Reserved DST_REQ
Destination Software Transaction Request register(DMA_ReqgDstReqg)bit description
Bit Access | Description
[31:15] - Reserved
[14:8] W WriteEN: The write function of each DST_REQ is enabled. 0: cannot be written. 1: writable;
Bit14:CH7
Bit8:CH1
[7] - Reserved
[6:0] RW DST_REQ : The target end makes a handshake request. 0: does not apply. 1: Request a

handshake;

Each bit represents the corresponding CH, and HS_SEL_DST of the corresponding CH must
be 1 (software handshake) to take effect.

Bit6:CH7

Bit0:CH1

13.7.16 Source Single Transaction Request register(DMA_SglRqSrcReg)

Register Address offset | Access | Resetvalue | Description
DMA_SgIRgSrcReg 0x378 RW 0x0000_0000 | Source Single Transaction Request register
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 14 | 13 | 12 | 11 | 10 | 9 | 8
Reserved WriteEN
7 6 | 5 | 4 | 3 | 2 | 1 | 0
Reserved SRC_SGLREQ
Source Single Transaction Request register(DMA_SglRgSrcReg)bit description
Bit Access | Description
[31:15] - Reserved
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[14:8]

W

WriteEN: The write function of each SRC_SGLREQ is enabled. 0: cannot be written. 1:
writable;
Bit14:CH7

Bit8:CH1

[7]

Reserved

[6:0]

RW

SRC_SGLREQ: Single handshake request at the source end. 0: do not apply. 1: Request a
handshake;

Each bit represents the corresponding CH, and HS_SEL_SRC of the corresponding CH must
be 1 (software handshake) to take effect.

Bit6:CH7

Bit0:CH11

13.7.17 Destination Single Transaction Request register(DMA_SgIRgDstReg)

Register Address offset | Access | Resetvalue | Description
DMA_SglRgDstReg 0x380 RW 0x0000_0000 | Destination Single Transaction Request register
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 14 | 13 | 12 | 11 | 10 | 9 | 8
Reserved WriteEN
7 6 | 5 | 4 | 3 | 2 | 1 | 0
Reserved DST_SGLREQ
Destination Single Transaction Request register(DMA_SglRqDstReg)bit description
Bit Access | Description
[31:15] - Reserved
[14:8] w WriteEN: For each DST_SGLREQ write enable, 0: cannot write. 1: writable;
Bit14:CH7
Bit8:CH1
(7] - Reserved
[6:0] RW DST_SGLREQ: The target end requests a single handshake. 0: does not apply. 1: Request a

handshake;

Each bit represents the corresponding CH, and HS_SEL_DST of the corresponding CH must
be 1 (software handshake) to take effect.

Bit6:CH7

Bit0:CH1

13.7.18 Source Last Transaction Request register(DMA_LstSrcReg)

Register

Address offset

Access | Reset value | Description

DMA_LstSrcReg

0x388

RW 0x0000_0000 | Source Last Transaction Request register
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31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 14 | 13 | 12 | 11 | 10 | 9 | 8
Reserved WriteEN
7 6 | 5 | 4 | 3 | 2 | 1 | 0
Reserved LSTSRC_REQ
Source Last Transaction Request register(DMA_LstSrcReg)bit description
Bit Access | Description
[31:15] - Reserved
[14:8] W WriteEN: For each LSTSRC_REQ write enable, 0: cannot write. 1: writable;
Bit14:CH7
Bit8:CH1
[7] - Reserved
[6:0] RW LSTSRC_REQ: For the last handshake request at the source end, 0: do not apply. 1: Request

a handshake;

Each bit represents the corresponding CH, and HS_SEL_SRC of the corresponding CH must
be 1 (software handshake) to take effect.

Bit6:CH7

Bit0:CH1

13.7.19 Destination Last Transaction Request register(DMA_LstDstReg)

Register Address offset | Access | Resetvalue | Description
DMA_LstDstReg 0x390 RW 0x0000_0000 | Destination Last Transaction Request register
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 14| 13| 12 | 11 | 0 | 9 | 8
Reserved WriteEN
7 6 | 5 | 4 | 3 | 2 | 1 | 0
Reserved LSTDST_REQ
Destination Last Transaction Request register(DMA_LstDstReqg)bit description
Bit Access | Description
[31:15] - Reserved
[14:8] W WriteEN: For each LSTDST_REQ write enable, 0: cannot write. 1: writable;
Bit14:CH7
Bit8:CH1
[7] - Reserved
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[6:0]

RW

Bit6:CH7

Bit0:CH1

LSTDST_REQ: The last handshake request of the target end, 0: do not apply; 1: Request a
handshake;
Each bit represents the corresponding CH, and HS_SEL_DST of the corresponding CH must
be 1 (software handshake) to take effect.

13.7.20 DMA Configuration Register(DMA_DmacCfgReg)

Register Address offset | Access | Resetvalue | Description
DMA_DmacCfgReg 0x398 RW 0x0000_0000 | DMA Configuration Register
31 | 30 | 29 | 28 | 27 | 26 | 25 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 16
Reserved
15 | 14 | 13 | 12 | 11 | 10 | 9 8
Reserved
7 | 6 | 5 | 4 | 3 | 2 | 1 0
Reserved DMA_EN
DMA Configuration Register(DMA_DmaCfgReqg)bit description
Bit Access | Description
[31:1] R Reserved
[0] RW DMA_EN: DW_ahb_dmac Enable bit.

0x0 (DISABLED): DMAC Disabled
0x1 (ENABLED): DMAC Enabled

When write 0 is turned off, it will be lowered according to the working status of all channels
until all are finished.

13.7.21 Channel Enable register(DMA_ChEnReg)

Register Address offset | Access | Resetvalue | Description
DMA_ChEnReg 0x3A0 RW 0x0000_0000 | Channel Enable register
31 | 30 | 29 | 28 | 27 | 26 | 25 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 16
Reserved
15 14 | 13 | 12 | 11 | 10 | 9 8
Reserved CH_EN_WE
7 6 | 5 | 4 | 3 | 2 | 1 0
Reserved CH_EN
Channel Enable register(DMA_ChEnReg)bit description
Ve i
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Bit Access | Description
[31:15] R Reserved
[14:8] W CH_EN_WE: The corresponding update of each CH_EN is enabled. The corresponding
CH_EN can be changed only when the value is 1.
Bit14:CH7
Bit8:CH1
[7] R Reserved
[6:0] RW CH_EN: The enable switch of each Channel is turned on by write 1, and then pulled down
after the hardware is completed.
Bit6:CH7
Bit0:CH1

This register can only be changed if DMA_EN (DMA CFG bit0) is 1, and if DMA_EN is 0, the register is fixed to 0.

CH_EN_WE allows software to modify CH_EN without first reading and then writing it. For example, when CHO is
opened, the CH_en_we can be directly written to 0x101, and the EN of other CH is not modified.

13.7.22 DMAID register0(DMA_DmaCompsIDO0)

Register Address offset | Access | Resetvalue | Description
DMA_DmaCompsIDO 0x3F8 R 0x4457_1110 | DMA ID registerO

31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
COMP_TYPE[31:24]

23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
COMP_TYPE[23:16]

15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
COMP_TYPE[15:8]

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0

COMP_TYPE[7:0]

DMA ID registerO(DMA_DmaCompsIDO0)bit description
Bit Access | Description
[31:0] R COMP_TYPE[31:0]: DMA Component Type Number ='h44571110.

13.7.23 DMAID register1(DMA_DmaCompsID1)

Register Address offset | Access | Resetvalue | Description
DMA_DmaCompsID1 0x3FC R 0x0000_0000 | DMAID register1

Va0
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31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
COMP_VER[31:24]

23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
COMP_VER[23:16]

15 | 14 | 13 | 12 | 1 | 10 | 9 | 8
COMP_VER[15:8]

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0

COMP_VER[7:0]

DMA ID register1(DMA_DmaCompsID1)bit description

Bit Access | Description
[31:0] R COMP_VER[31:0]: DMA Component Version
7
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14 Advanced-control timers (TIM1 and TIMS8)
14.1 TIM1 and TIMS8 introduction

The advanced-control timers (TIM1 and TIM8) consist of a 32-bit auto-reload counter driven by a pro-
grammable 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, 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 TIM8) and general-purpose (TIMx) timers are completely indepen-
dent, and do not share any resources. They can be synchronized together as described in Section
15.3.15.

14.2 TIM1 and TIM8 main features

TIM1 and TIMS8 timer features include:

* 32-bit up, down, up/down auto-reload counter.
« 16-bit programmable prescaler allowing dividing (also “on the fly” ) the counter clock frequency
either by any factor between 1 and 65536.
+ Up to 4 independent channels for:
- Input Capture
- Output Compare
- PWM generation (Edge and Center-aligned Mode)
- One-pulse mode output
« Complementary outputs with programmable dead-time
+ Synchronization circuit to control the timer with external signals and to interconnect several
timers together.
*+ Repetition counter to update the timer registers only after a given number of cycles of the
counter.
- Break input to put the timer’ s output signals in reset state or in a known state.
+ Interrupt/DMA generation on the following events:
- Update: counter overflow/underflow, counter initialization (by software or internal/external
trigger)
- Trigger event (counter start, stop, initialization or count by internal/external trigger)
- Input capture
- Output compare
- Break input
+ Supports incremental (quadrature) encoder and hall-sensor circuitry for positioning purposes
* Trigger input for external clock or cycle-by-cycle current management
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Fig 14.2-1 Advanced-control timer block diagram
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14.3 TIM1 and TIMS8 functional description
14.3.1 Time-base unit

The main block of the programmable advanced-control timer is a 32-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:

+ Counter register (TIMx_CNT)

* Prescaler register (TIMx_PSC)

* Auto-reload register (TIMx_ARR)

* Repetition counter register (TIMx_RCR)

Va0
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The auto-reload register is preloaded. Writing to or reading from the auto-reload register accesses
the preload register. The content of the preload register are 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 generation of the update event is described in detailed for each configuration.

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 (refer also to the slave mode controller description to get more
details on counter enabling).

Note: that the counter starts counting 1 clock cycle after setting the CEN bit in the TIMx_CR1 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.

Figure 53 and Figure 54 give some examples of the counter behavior when the prescaler ratio is
changed on the fly:

Fig 14.3-1 Counter timing diagram with prescaler division change from 1 to 2
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Fig 14.3-2 Counter timing diagram with prescaler division change from 1 to 4
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14.3.2 Counter modes
Upcounting mode

In upcounting mode, the counter counts from 0 to the auto-reload value (content of the TIMx_ARR
register), then restarts from 0 and generates a counter overflow event.

If the repetition counter is used, the update event (UEV) is generated after upcounting is repeated for
the number of times programmed in the repetition counter register plus one (TIMx_RCR+1). Else the
update event is generated at each counter overflow.

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 O,
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
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):

* The repetition counter is reloaded with the content of TIMx_RCR register,

&> megawin Doc ID 2157012 Rev 2.4 200/639

make you win



14 Advanced-control timers (TIM1 and TIMS)

MG32F157xx Reference Manual

* The auto-reload shadow register is updated with the preload value (TIMx_ARR),
* 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.

Fig 14.3-3 Counter timing diagram, internal clock divided by 1
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Fig 14.3-4 Counter timing diagram, internal clock divided by 2
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Fig 14.3-5 Counter timing diagram, internal clock divided by 4
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Fig 14.3-6 Counter timing diagram, internal clock divided by n
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Fig 14.3-7 Counter timing diagram, update event when ARPE=0 (TIMX_ARR not preloaded)
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Fig 14.3-8 Counter timing diagram, update event when ARPE=1 (TIMx_ARR preloaded)

CEN ;

rmersocc=ck vt —| U UL U U U U UHL
Counter register ___ro_| ¢ | r2 | 3 | 74| 36 Joo Jou o2 |03 o4 fos fos|o7)

Counter overflow _I

Update event (UEV) _I

Update interrupt flag(UIF)

Auto-reload preload X
register B,

Auto-reload shadow X
36

register FS

Write a new value in TIMx_ARR

Va0

I megawin Doc ID 2157012 Rev 2.4 203/639

make you win



14 Advanced-control timers (TIM1 and TIMS8) MG32F157xx Reference Manual

Downcounting mode

In downcounting mode, the counter counts from the auto-reload value (content of the TIMx_ARR
register) 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 plus one (TIMx_RCR+1). 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 update event can be disabled by software by 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
doesn’ tchange).

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 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):

* The repetition counter is reloaded with the content of TIMx_RCR register

* The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC register)

* The auto-reload active register is updated with the preload value (content of the TIMX_ARR regis-
ter). Note that the auto-reload is updated before the counter is reloaded, so that the next period
is the expected one

The following figures show some examples of the counter behavior for different clock frequencies
when TIMx_ARR=0x36.
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Fig 14.3-9 Counter timing diagram, internal clock divided by 1

CNT_EN

Timerclock = CK_CNT

Counter register

Counter underflow —I
(cnt_udf)
Update event (UEV) _I

Update interrupt flag
(UIF) '

Fig 14.3-10 Counter timing diagram, internal clock divided by 2
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Fig 14.3-11 Counter timing diagram, internal clock divided by 4
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Fig 14.3-12 Counter timing diagram, internal clock divided by N
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Fig 14.3-13 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 TIMx_ARR
register) -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'00". The Output
compare interrupt flag of channels configured in output is set when: the counter counts down (Center
aligned mode 1, CMS ="01"), the counter counts up (Center aligned mode 2, CMS ="10") the counter
counts up and down (Center aligned mode 3, CMS ="11").

In this mode, the DIR direction bit in the TIMx_CR1 register cannot be written. It is updated by hard-
ware 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 from 0, as well as the counter
of the prescaler.

The UEV update 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 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 or DMA request is
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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):

* The repetition counter is reloaded with the content of TIMx_RCR register
+ The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC register)
* 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).

The following figures show some examples of the counter behavior for different clock frequencies.

Fig 14.3-14 Counter timing diagram, internal clock divided by 1, TIMx_ARR = 0x6
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Counter overflow
Update event (UEV)
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1. Here, center-aligned mode 1 is used

Fig 14.3-15 Counter timing diagram, internal clock divided by 2
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Fig 14.3-16 Counter timing diagram, internal clock divided by 4, TIMx_ARR=0x36
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1. Center-aligned mode 2 or 3 is used with an UIF on overflow.

Fig 14.3-17 Counter timing diagram, internal clock divided by N
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Fig 14.3-18 Counter timing diagram, update event with ARPE=1 (counter underflow)
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Fig 14.3-19 Counter timing diagram, Update event with ARPE=1 (counter overflow)
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14.3.3 Repetition counter

Section 14.3.1: Time-base unit describes how the update event (UEV) is generated with respect to the
counter overflows/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_CCRx capture/compare registers in
compare mode) every N+1 counter overflows or underflows, where N is the value in the TIMx_RCR
repetition counter register.
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The repetition counter is decremented:

* At each counter overflow in upcounting mode,

* At each counter underflow in downcounting mode,

* 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 2xT , 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 (refer to Figure 72). 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. If the RCR was
written after starting the counter, the UEV occurs on the underflow. For example for RCR = 3, the UEV
is generated on each 4th overflow or underflow event depending on when RCR was written.

Fig 14.3-20 Update rate examples depending on mode and TIMx_RCR register settings

Counter-aligned mode Edge-aligned mode

Counter Upcounting Downcounting
TIMx_CNT
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TIMx RCR =2 /\/\/\/\/\ /\/WW\/\/M N\N\N\N\N\
U 4 + 4 Y S S s S
VAVAVAVAVA M/\/WWM N\N\N\N\N
TIMXRCR=3  UE(
M\ M\ M\ 4
and

re-synchronization
(by sw) (by sw) (by sw)

UE—» Update event: Preload registers transferred to active registers and update interrupt generated
Update Event if the repetition counter underflow occurs when the counter is equal to the auto-reload value
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14.3.4 Clock selection

The counter clock can be provided by the following clock sources:

* Internal clock (CK_INT)

* External clock mode1: external input pin

+ External clock mode2: external trigger input ETR

+ 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 (SMS=000), then the CEN, DIR (in the TIMx_CR1 register) and UG
bits (in the TIMx_EGR register) are actual control bits and can be changed only by software (except UG
which remains cleared automatically). As soon as the CEN bit is written to 1, the prescaler is clocked
by the internal clock CK_INT.

Figure 14.3-21 shows the behavior of the control circuit and the upcounter in normal mode, without
prescaler.

Fig 14.3-21 Control circuit in normal mode, internal clock divided by 1

mematcoc | [ || [ LU UL UL
CEN = CK_CNT J :
o
CNT_INT ’_‘
Counter clock = CK CNT = CK PSC m
Counter register :X:X:X:X:X:X:X:X:X:X:X:X:X:X:

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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Fig 14.3-22 TI2 external clock connection example
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For example, to configure the upcounter to count in response to a rising edge on the TI2 input, use

the following procedure:

1. Configure channel 2 to detect rising edges on the TI2 input by writing CC2S =
TIMx_CCMR1 register.
2. Configure the input filter duration by writing the IC2F[3:0] bits in the TIMx_CCMR1 register (if no
filter is needed, keep IC2F=0000).

o U AW

Note:

. Enable the counter by writing CEN=1 in the TIMx_CR1 register.

The capture prescaler is not used for triggering, so the user does not need to configure it.

When a rising edge occurs on TI2, the counter counts once and the TIF flag is set.

. Select rising edge polarity by writing CC2P=0 in the TIMx_CCER register.
. Configure the timer in external clock mode 1 by writing SMS=111 in the TIMX_SMCR register.
. Select TI2 as the trigger input source by writing TS=110 in the TIMx_SMCR register.

‘01’ in the

The delay between the rising edge on TI2 and the actual clock of the counter is due to the resynchronization circuit on TI2

input.
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Fig 14.3-23 Control circuit in external clock mode 1

me [ L L
CNT_EN | |

Counter clock = CK_CNT = CK_PSC |_| |_|

Counter register 34 X 35 X 36
TIF | |

S

Write TIF=0

External clock source mode 2

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.

Fig 14.3-24 External trigger input block
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TIMx_SMCR TIMx_SMCR TIMx_SMCR

SMS[2:0]

TIMx_SMCR

For example, to configure the upcounter to count each 2 rising edges on ETR, use the following pro-
cedure:

1. As no filter is needed in this example, write ETF[3:0]=0000 in the TIMx_SMCR register.
2. Set the prescaler by writing ETPS[1:0]=01 in the TIMX_SMCR register
3. Select rising edge detection on the ETR pin by writing ETP=0 in the TIMx_SMCR register
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4. Enable external clock mode 2 by writing ECE=1 in the TIMx_SMCR register.
5. Enable the counter by writing CEN=1 in the TIMx_CR1 register.

The counter counts once each 2 ETR rising edges.

The delay between the rising edge on ETR and the actual clock of the counter is due to the resynchro-
nization circuit on the ETRP signal.

Fig 14.3-25 Control circuit in external clock mode 2

ETRP

ETRF

Counter clock = H
CK_INT = CK_PSC !

Counter register 34 >< 35 X: 36

14.3.5 Capture/compare channels

Each Capture/Compare channel is built around a capture/compare register (including a shadow reg-
ister), a 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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Fig 14.3-26 Capture/compare channel (example: channel 1 input stage)
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The output stage generates an intermediate waveform that is then used for reference:
OCxRef (active high). The polarity acts at the end of the chain.

Fig 14.3-27 Capture/compare channel 1 main circuit
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Fig 14.3-28 Output stage of capture/compare channel (channel 1 to 3)
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Fig 14.3-29 Output stage of capture/compare channel (channel 4)
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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.
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14.3.6 Input capture mode

In Input capture mode, the Capture/Compare Registers (TIMx_CCRx) 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. CCxIF can be cleared by software by writing itto ‘0’ or by reading
the captured data stored in the TIMx_CCRXx register. CCxOF is cleared when writtento ‘0’ .

The following example shows how to capture the counter value in TIMx_CCR1 when TI1 input rises.
To do this, use the following procedure:

+ 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 configured
in input and the TIMx_CCR1 register becomes read-only.

* Program the needed input filter duration with respect to the signal connected to the timer (by
programming ICxF bits in the TIMx_CCMRXx register if the input is a TIx input). Let’ s imagine
that, when toggling, the input signal is not stable during at must five internal clock cycles. We
must program a filter duration longer than these five clock cycles. We can validate a transition
on TI1 when 8 consecutive samples with the new level have been detected (sampled at f DTS
frequency). Then write ICTF bits to 0011 in the TIMx_CCMR1 register.

+ Select the edge of the active transition on the TI1 channel by writing CC1P bit to 0 in the
TIMx_CCER register (rising edge in this case).

* Program the input prescaler. In our example, we wish the capture to be performed at each valid
transition, so the prescaler is disabled (write IC1PS bitsto ‘00’ in the TIMx_CCMR1 register).

* Enable capture from the counter into the capture register by setting the CC1E bit in the
TIMx_CCER reqgister.

+ If needed, enable the related interrupt request by setting the CC1IE 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:

* The TIMx_CCR1 register gets the value of the counter on the active transition.

« CC1IF flag is set (interrupt flag). CC10F is also set if at least two consecutive captures occurred
whereas the flag was not cleared.

« Aninterrupt is generated depending on the CC1IE 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: ICinterrupt and/or DMA requests can be generated by software by setting the corresponding CCxG bit in the TIMx_EGR

register.
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14.3.7 PWM input mode

This mode is a particular case of input capture mode. The procedure is the same except:

« 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_CCR1 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):

+ Select the active input for TIMx_CCR1: write the CC1S bits to 01 in the TIMx_CCMR1 register (TI1
selected).

+ Select the active polarity for TI1FP1 (used both for capture in TIMx_CCR1 and counter clear): write
the CC1P bitto ‘0’ (active on rising edge).

+ Select the active input for TIMx_CCR2: write the CC2S bits to 10 in the TIMx_CCMR1 register (TI1
selected).

« Select the active polarity for TI1FP2 (used for capture in TIMx_CCR2): write the CC2P bitto ‘1’
(active on falling edge).

+ Select the valid trigger input: write the TS bits to 101 in the TIMx_SMCR register (TI1FP1 selected).

+ Configure the slave mode controller in reset mode: write the SMS bits to 100 in the TIMx_SMCR
register.

* Enable the captures: write the CC1E and CC2E bitsto ‘1’ in the TIMx_CCER register.

Fig 14.3-30 Output stage of capture/compare channel (channel 4)

Ti1 L h |
TIMx_CNT 0004 X 0000 X o000t X o002 X\ ooos X 0004 X o000 N
I

TIMx_CCRH \ 0004 \
TIMx_CCR2 \ 0002 \ \
IC1 capture IC2 capture IC1 capture
IC2 capture pise wih period
measurement measurement

reset counter

1. The PWM input mode can be used only with the TIMx_CH1/TIMx_CHZ2 signals due to the fact that only
TIMFP1 and TI2FP2 are connected to the slave mode controller.

14.3.8 Forced output mode

In output mode (CCxS bits = 00 in the TIMx_CCMRXx register), each output compare signal (OCxREF
and then OCx/OCxN) can be forced to active or inactive level directly by software, independently of
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any comparison between the output compare register and the counter.

To force an output compare signal (OCXREF/OCXx) to its active level, the user just needs to write 101
in the OCxM bits in the corresponding TIMx_CCMRx register. Thus OCXREF is forced high (OCxREF 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 OCxREF 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.

14.3.9 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:

+ 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_CR2 register for the DMA request selection).

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_CCRXx registers.
3. Set the CCxIE bit if an interrupt request is to be generated.
4. Select the output mode. For example:
* Write OCxM = 011 to toggle OCx output pin when CNT matches CCRx
+ Write OCxPE = 0 to disable preload register
* Write CCxP = 0 to select active high polarity
* Write CCxE = 1 to enable the output
5. Enable the counter by setting the CEN bit in the TIMx_CR1 register
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The TIMx_CCRx register can be updated at any time by software to control the output waveform,
provided that the preload register is not enabled (OCxPE=" 0 , else TIMx_CCRx shadow register is
updated only at the next update event UEV)

Fig 14.3-31 Output compare mode, toggle on OC1.

Write B201h in the CCIR register

TIMLONT 0039 | o003a | o003B N B200 | B2o1 |

TIM1 CCR1 003A \‘X B201

OC1REF=0C1

Match detected on CCR1
Interrupt generated if enabled

14.3.10 PWM mode

Pulse Width Modulation mode allows generating 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
110’ (PWM mode 1) or ‘111" (PWM mode 2) in the OCxM bits in the TIMx_CCMRXx register. The
corresponding preload register must be enabled 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, be-
fore starting the counter, the user must initialize all the registers by setting the UG bit in the TIMx_EGR
register.

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 register
description for more details.

In PWM mode (1 or 2), TIMx_CNT and TIMx_CCRx are always compared to determine whether
TIMx_CCRx < TIMx_CNT or TIMx_CNT < TIMx_CCRx (depending on the direction of the counter).

The timer is able to generate PWM in edge-aligned mode or center-aligned mode depending on the
CMS bits in the TIMx_CR1 register.
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PWM edge-aligned mode

« 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_CCRx else it becomes low. If the compare value in TIMx_CCRXx is
greater than the auto-reload value (in TIMx_ARR) then OCXREF is held at ‘1’ . If the compare
value is 0 then OCxRefis held at ‘0’ . Figure 14.3-32 shows some edge-aligned PWM waveforms
in an example where TIMx_ARR=8.

Fig 14.3-32 Edge-aligned PWM waveforms (ARR=8)

CounterregisterjOXlX2X3X4X5X6X7X8XOXlXi
OCXREF ; i o
CCRx=4 j .
CCxIF | L
OCXREF ; i i
CCRx=8 I—l—
CCxXIF  — :
OCXREF 'T'
CCRx>8 ;
: CCxIF <I
OCXREF '0' ;
CCRx=0 [
CCxIF

« Downcounting configuration
Downcounting is active when DIR bit in TIMx_CR1 register is high.
In PWM mode 1, the reference signal OCxRef is low as long as TIMx_CNT > TIMx_CCRx else
it becomes high. If the compare value in TIMx_CCRXx is greater than the auto-reload value in
TIMX_ARR, then OCxREF is held at ‘1’ . 0% PWM is not possible in this mode.

PWM center-aligned mode

Center-aligned mode is active when the CMS bits in TIMx_CR1 register are different from ‘00’ (all the
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 on
the CMS bits configuration. The direction bit (DIR) in the TIMx_CR1 register is updated by hardware
and must not be changed by software.

Figure 85 shows some center-aligned PWM waveforms in an example where:
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* TIMXx_ARR=8,

* PWM mode is the PWM mode 1,

* 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.

Fig 14.3-33 Center-aligned PWM waveforms (ARR=8)

Counter register
OCxREF
CCRx=4
CCxIF CMS=01 a
CMS=10 /4
OCxREF
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CCxIF CMS=11 f
OCXREF =
CCRx>8
CCxIF CMS=01 A
CMS=10 f
CMS=11 f
OCxREF 0
CCRx=0
CMS=01
CCxIF CMS=10
CMS=11 ;

Hints on using center-aligned mode:

* 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 the user writes a value in the counter greater than the auto-
reload value (TIMx_CNT>TIMx_ARR). For example, if the counter was counting up, it will con-
tinue to count up.

- The direction is updated if the user writes 0 or write the TIMx_ARR value in the counter but
no Update Event UEV is generated.
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+ 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.

14.3.11 Complementary outputs and dead-time insertion

The advanced-control timers (TIM1 and TIM8) 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 it has to be adjust it depending on the devices con-
nected to the outputs and their characteristics (intrinsic delays of level-shifters, delays due to power
switches...)

User 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 bits in the TIMx_CCER register and the MOE, OISx, OISxN, OSSI and OSSR bits in
the TIMx_BDTR and TIMx_CR2 registers. Refer to Table 15.4-13 for more details. 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. DTG[7:0] bits of the TIMx_BDTR register are used to control the dead-time generation
for all channels. From a reference waveform OCXxREF, it generates 2 outputs OCx and OCxN. If OCx
and OCxN are active high:

« 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.

« 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)
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Fig 14.3-34 Complementary output with dead-time insertion.
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Fig 14.3-35 Dead-time waveforms with delay greater than the negative pulse
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Fig 14.3-36 Dead-time waveforms with delay greater than the positive pulse
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OCxN
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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 OCxXREF to OCx or OCxN

n output mode (forced, output compare or PWM), OCXREF 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 the user to send a specific waveform (such as PWM or static active level) on one output
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while the complementary remains at its inactive level. Other 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=0CxRef. On the other hand, when both OCx and OCxN are enabled (CCxE=CCxNE=1) OCx

becomes active when OCXREF is high whereas OCxN is complemented and becomes active when OCXREF is low.

Using the break function

When using the break function, the output enable signals and inactive levels are modified according
to additional control bits (MOE, OSSI and OSSR bits in the TIMx_BDTR register, OISx and OISxN bits in
the TIMx_CR2 register). In any case, the OCx and OCxN outputs cannot be set both to active level at
a given time. Refer to Table 15.4-13 for more details.

The break source can be either the break input pin or a clock failure event, generated by the Clock
Security System (CSS), from the Reset Clock Controller. For further information on the Clock Security
System.

When exiting from reset, the break circuit is disabled and the MOE bit is low. User 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.

Because MOE falling edge can be asynchronous, a resynchronization circuit has been inserted be-
tween 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 sig-
nals. In particular, if MOE is written to 1 whereas it was low, a delay (dummy instruction) must be
inserted before reading it correctly. This is because the user writes an asynchronous signal, but reads
a synchronous signal.

When a break occurs (selected level on the break input):

« 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.

+ Each output channelis driven with the level programmed in the OISx bit in the TIMx_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 putin 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.

- Ifthe 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. Evenin
this case, OCx and OCxN cannot be driven to their active level together. Note that because
of the resynchronization on MOE, the dead-time duration is a bit longer than usual (around
2 ck_tim clock cycles).
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- If OSSI=0 then the timer releases the enable outputs else the enable outputs remain or
become 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. ADMA request can be sent if the BDE 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 low
until it is written to ‘1’ again. In this case, it can be used for security and the break input can
be connected to an alarm from power drivers, thermal sensors or any security components.

Note: The break inputs is acting 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 BKE in the TIMx_BDTR Register.

There are two solutions to generate a break:

* By using the BRK input which has a programmable polarity and an enable bit BKE in the
TIMx_BDTR register
* By software through the BG bit of the TIMx_EGR register.

In addition to the break input and the output management, a write protection has been implemented
inside the break circuit to safequard the application. It allows freezing the configuration of several
parameters (dead-time duration, OCx/OCxN polarities and state when disabled, OCxM configurations,
break enable and polarity). The user can choose from three levels of protection selected by the LOCK
bits in the TIMx_BDTR register. Refer to Section 14.4.18: TIM1 and TIM8 break and dead-time register
(TIMx_BDTR). The LOCK bits can be written only once after an MCU reset.
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Fig 14.3-37 Output behavior in response to a break
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14.3.12 Clearing the OCxREF signal on an external event

The OCXxREF signal for a given channel can be driven Low by applying a High level to the ETRF input
(OCxCE enable bit of the corresponding TIMx_CCMRx register setto ‘1’ ). The OCxREF signal remains
Low until the next update event, UEV, occurs.

This function can only be used in output compare and PWM modes, and does not work in forced
mode.

For example, the ETR signal can be connected to the output of a comparator to be used for current
handling. In this case, the ETR must be configured as follow:

1. The External Trigger Prescaler should be kept off: bits ETPS[1:0] of the TIMx_SMCR register set
to ‘00" .

2. The external clock mode 2 must be disabled: bit ECE of the TIMx_SMCR register setto ‘0’ .

3. The External Trigger Polarity (ETP) and the External Trigger Filter (ETF) can be configured accord-
ing to the user needs.

Figure 14.3-38 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.

Fig 14.3-38 Clearing TIMx OCxREF

Counter(CNT)

ETRF

OCXREF(OCXCE =0)

OCXREF(OCxCE=1) | [

ETRF becomeés high  ETRF still high

14.3.13 6-step PWM generation

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.
The user can thus program in advance the configuration for the next step and change the configura-
tion 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).

Va0

{2 megawin Doc ID 2157012 Rev 2.4 229/639

make you win



14 Advanced-control timers (TIM1 and TIMS8) MG32F157xx Reference Manual

Figure 14.3-39 describes the behavior of the OCx and OCxN outputs when a COM event occurs, in 3
different examples of programmed configurations.

Fig 14.3-39 6-step generation, COM example (OSSR=1)
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X
Example 3
OCxN

14.3.14 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. Select One-pulse mode 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:

* In upcounting: CNT < CCRx < ARR (in particular, 0 < CCRx)
* In downcounting: CNT > CCRx
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Fig 14.3-40 Example of one pulse mode
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For example the user may want to generate a positive pulse on OC1 with a length of t PULSE and after
a delay of t DELAY as soon as a positive edge is detected on the TI2 input pin.

Let’ s use TI2FP2 as trigger 1:

Map TI2FP2 to TI2 by writing CC2S=" 01’ in the TIMx_CCMR1 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 SMSto ‘110" in the TIMx_SMCR register (trigger
mode).

The OPM waveform is defined by writing the compare registers (taking into account the clock fre-
qguency and the counter prescaler).

* The tpeay is defined by the value written in the TIMx_CCR1 register.

* The tpyise is defined by the difference between the auto-reload value and the compare value
(TIMx_ARR - TIMx_CCR1).

* Let us say the user wants to build a waveform with a transition from ‘0’ to ‘1’ when a compare
match occurs and a transition from ‘1’ to ‘0’ when the counter reaches the

The OPM waveform is defined by writing the compare registers (taking into account the clock fre-
qguency and the counter prescaler).

* The t DELAY is defined by the value written in the TIMx_CCR1 register.

* The t PULSE is defined by the difference between the auto-reload value and the compare value
(TIMX_ARR - TIMx_CCR1).

* Let us say the user wants to build a waveform with a transition from ‘0’ to ‘1’ when a compare
match occurs and a transition from ‘1’ to ‘0’ when the counter reaches the auto-reload value.
To do this, enable PWM mode 2 by writing OC1M=111 in the TIMx_CCMR1 register. The user can
optionally enable the preload registers by writing OC1PE=" 1’ in the TIMx_CCMR1 register and
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ARPE in the TIMx_CR1 register. In this case the compare value must be written 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 trigger event on TI2. CC1P is writtento ‘0" in this example.

In our example, the DIR and CMS bits in the TIMx_CR1 register should be low.

The user only wants one pulse (Single mode), so’1’ must be written in the OPM bit in the TIMx_CR1
register to stop the counter at the next update event (when the counter rolls over from the auto-reload
value back to 0). When OPM bitin the TIMx_CR1 register is set to'0’, so the Repetitive Mode is selected.

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 tpg ay Min we can get.

If the user wants to output a waveform with the minimum delay, the OCxFE bit in the TIMx_CCMRXx
register must be set. Then OCxRef (and OCx) are 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.

14.3.15 Encoder interface mode

To select Encoder Interface mode write SMS=‘001"in the TIMx_SMCR register if the counter is counting
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, the user can program the input filter as well.

The two inputs TI1 and TI2 are used to interface to an incremental encoder. Refer to Table 81. The
counter is clocked by each valid transition on TI1TFP1 or TI2FP2 (TI1 and TI2 after input filter and po-
larity selection, TI1FP1=TI1 if not filtered and not inverted, TI2FP2=TI2 if not filtered and not inverted)
assuming that it is enabled (CEN bit in TIMx_CR1 register writtento ‘1’ ). The sequence of transitions
of the two inputs 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 accordingly. 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 TIMx_ARR register (0 to
ARR or ARR down to 0 depending on the direction). So user must configure TIMx_ARR 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 in-
cremental encoder and its content, therefore, always represents the encoder’ s position. The count
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direction correspond to the rotation direction of the connected sensor.

Table 14.3-1 summarizes the possible combinations, assuming TI1 and TI2 do not switch at the same
time.

Tab 14.3-1 Counting direction versus encoder signals

L TI1FP1 signal TI2FP2 signal
. Level on opposite signal
Active edge . . - .
(TITFP1 for TI2, TI2FP2 for TI1) Rising Falling Rising Falling
Counting on High Down Up No Count No Count
TI1 only Low Up Down No Count No Count
Counting on High No Count No Count Up Down
TI2 only Low No Count No Count Down Up
Counting on High Down Up Up Down
TI1 and TI2 Low Up Down Down Up

An external incremental encoder can be connected directly to the MCU without external interface
logic. However, comparators are normally be used to convert the encoder’ s differential outputs to
digital signals. This greatly increases noise immunity. The third encoder output which indicate the
mechanical zero position, may be connected to an external interruptinput and trigger a counter reset.

Figure14.3-41 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:

« CC1S=" 01’ (TIMx_CCMR1 register, TI1FP1 mapped on TI1).

« CC2S=" 01’ (TIMx_CCMR?2 register, TI1FP2 mapped on TI2).

« CC1P=" 0’ ,andIC1F= ‘0000’ (TIMx_CCER register, TI1FP1 non-inverted, TI1FP1=TI1).

« CC2P=" 0’ ,and IC2F= ‘0000’ (TIMx_CCER register, TI1FP2 non-inverted, TI1FP2= TI2).

« SMS=" 011" (TIMx_SMCR register, both inputs are active on both rising and falling edges).
« CEN=" 1’ (TIMx_CR1 register, Counter enabled).

Fig 14.3-41 Example of counter operation in encoder interface mode

forward jitter backward jitter forward
TI1
TI2
Counter
up down up
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Figure 14.3-42gives an example of counter behavior when TI1FP1 polarity is inverted (same configu-
ration as above except CC1P=" 1" ).

Fig 14.3-42 Example of encoder interface mode with TI1FP1 polarity inverted

forward jitter backward jitter forward
TI1
TI2
Counter
down up down

The timer, when configured in Encoder Interface mode provides information on the sensor’ s current
position.The user can obtain dynamic information (speed, acceleration, deceleration) by measuring
the 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.

14.3.16 Timer input XOR function

The TI1S bit in the TIMx_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_CHS3.

The XOR output can be used with all the timer input functions such as trigger or input capture. An
example of this feature used to interface Hall sensors is given in 14.3.17

14.3.17 Interfacing with Hall sensors

This is done using the advanced-control timers (TIM1 or TIM8) to generate PWM signals to drive the
motor and another timer TIMx (TIM2, TIM3, TIM4 or TIM5) referred to as “interfacing timer” in Figure
95. The “interfacing timer” captures the 3 timer input pins (TIMx_CH1, TIMx_CH2, and TIMx_CH3)
connected through a 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 TI1F_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.
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Onthe “interfacing timer”, capture/compare channel 1 is configured in capture mode, capture signal
is TRC (see Figure 78). 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 configu-
ration of the channels of the advanced-control timer (TIM1 or TIM8) (by triggering a COM event). The
TIM1 timer is used to generate PWM signals to drive the motor. To do this, the interfacing timer chan-
nel must be programmed so that a positive pulse is generated after a programmed delay (in output
compare or P?WM mode). This pulse is sent to the advanced-control timer (TIM1 or TIM8) through the
TRGO output.

Example: the user wants to change the PWM configuration of the advanced-control timer TIM1 after a
programmed delay each time a change occurs on the Hall inputs connected to one of the TIMx timers.

+ Configure 3 timer inputs ORed to the TI1 input channel by writing the TI1S bit in the TIMx_CR2
registerto ‘1’ ,

* Program the time base: write the TIMx_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,

* Program channel 1 in capture mode (TRC selected): write the CC1S bits in the TIMx_CCMR1 reg-
isterto ‘11" . The user can also program the digital filter if needed,

* Program channel 2 in PWM 2 mode with the desired delay: write the OC2M bitsto ‘111’ and
the CC2S bitsto ‘00" in the TIMx_CCMR1 register,

« Select OC2REF as trigger output on TRGO: write the MMS bits in the TIMx_CR2 register to ‘101’

I

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=1in
the TIMx_CR2 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 (this can
be done in an interrupt subroutine generated by the rising edge of OC2REF).
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Fig 14.3-43 Example of Hall sensor interface
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14.3.18 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.

14.3.18.1 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_CCRx) are updated.

In the following example, the upcounter is cleared in response to a rising edge on TI1 input:
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+ Configure the channel 1 to detect rising edges on TI1. Configure the input filter duration (in this
example, we don’ t need any filter, so we keep IC1F=0000). The capture prescaler is not used
for triggering, so there’ s no need to configure it. The CC1S bits select the input capture source
only, CC1S =01 in the TIMx_CCMR1 register. Write CC1P=0 in TIMx_CCER register to validate the
polarity (and detect rising edges only).

+ Configure the timer in reset mode by writing SMS=100 in TIMx_SMCR register. Select TI1 as the
input source by writing TS=101 in TIMx_SMCR register.

« Start 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 TIMXx_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.

Fig 14.3-44 Control circuit in reset mode

TI1 —I

UG

ICounter clock = CK CNT = CK PSC
coumes s Yoo oo oo o

TIF |

gi=

14.3.18.2 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:

+ Configure the channel 1 to detect low levels on TI1. Configure the input filter duration (in this
example, we don’ t need any filter, so we keep IC1F=0000). The capture prescaler is not used
for triggering, so the user does not need to configure it. The CC1S bits select the input capture
source only, CC1S=01 in TIMx_CCMR1 register. Write CC1P=1 in TIMx_CCER register to validate
the polarity (and detect low level only).

+ Configure the timer in gated mode by writing SMS=101 in TIMx_SMCR register. Select TI1 as the
input source by writing TS=101 in TIMx_SMCR register.

« Enable the counter by writing CEN=1 in the TIMx_CR1 register (in gated mode, the counter doesn’
t start if CEN=0, whatever is the trigger input level).

The counter starts counting on the internal clock as long as TI1 is low and stops as soon as TI1 becomes
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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 resynchronization
circuit on TI1 input.

Fig 14.3-45 Control circuit in gated mode
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Write TIF=0

Slave mode: Trigger mode

The counter can start in response to an event on a selected input.
In the following example, the upcounter starts in response to a rising edge on TI2 input:

+ Configure the channel 2 to detect rising edges on TI2. Configure the input filter duration (in this
example, we don’ t need any filter, so we keep IC2F=0000). The capture prescaler is not used for
triggering, so there’ s no need to configure it. The CC2S bits are configured to select the input
capture source only, CC2S=01 in TIMx_CCMR1 register. Write CC2P=1 in TIMx_CCER register to
validate the polarity (and detect low level only).

+ Configure the timer in trigger mode by writing SMS=110 in TIMX_SMCR register. Select TI2 as
the input source by writing TS=110 in TIMXx_SMCR register.

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 resynchro-
nization circuit on TI2 input.
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Fig 14.3-46 Control circuit in trigger mode
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14.3.18.3 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 (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:

1. Configure the external trigger input circuit by programming the TIMx_SMCR register as follows:
« ETF =0000: no filter
+ ETPS = 00: prescaler disabled
« ETP = 0: detection of rising edges on ETR and ECE=1 to enable the external clock mode 2.
2. Configure the channel 1 as follows, to detect rising edges on TI:
+ IC1F=0000: no filter.
* The capture prescaler is not used for triggering and does not need to be configured.
+ CC1S=01 in TIMx_CCMR?1 register to select only the input capture source
« CC1P=0in TIMx_CCER register to validate the polarity (and detect rising edge only).
3. 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.
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Fig 14.3-47 Control circuit in external clock mode 2 + trigger mode
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14.3.19 Timer synchronization

The TIM timers are linked together internally for timer synchronization or chaining. Refer to15.3.15

Note: The clock of the slave timer must be enabled prior to receive events from the master timer, and must not be changed

on-the-fly while triggers are received from the master timer.

14.3.20 Debug mode

When the microcontroller enters debug mode (Cortex-M3 core halted), the TIMx counter either con-
tinues to work normally or stops, depending on DBG_TIMx_STOP configuration bit in DBG module.

For safety purposes, when the counter is stopped (DBG_TIMx_STOP =1 in DBGMCU_APBXx_FZ register),
the outputs are disabled (as if the MOE bit was reset). The outputs can either be forced to an inactive
state (OSSI bit = 1), or have their control taken over by the GPIO controller (OSSI bit = 0) to force them
to Hi-Z.
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14.4 TIMx Register

Tab 14.4-1 TIMX register map

offset | Register

Reset value

Description

TIM1: TIM1_BA = 0x4001_2C00
TIM8: TIM8_BA = 0x4001_3400

0x00 TIMx_CR1 0x0000_0000 TIM1 and TIMS8 control register 1

0x04 TIMx_CR2 0x0000_0000 TIM1 and TIM8 control register 2

0x08 TIMx_SMCR 0x0000_0000 TIM1 and TIM8 slave mode control register

0x0C TIMx_DIER 0x0000_0000 | TIM1 and TIM8 DMA/interrupt enable register
0x10 TIMx_SR 0x0000_0000 TIM1 and TIM8 status register

0x14 TIMx_EGR 0x0000_0000 | TIM1 and TIM8 event generation register

0x18 TIMx_CCMR1 0x0000_0000 | TIM1 and TIM8 capture/compare mode register 1
0x1C TIMx_CCMR2 0x0000_0000 | TIM1 and TIM8 capture/compare mode register 2
0x20 TIMx_CCER 0x0000_0000 | TIM1 and TIM8 capture/compare enable register
0x24 TIMx_CNT 0x0000_0000 TIM1 and TIM8 counter

0x28 TIMx_PSC 0x0000_0000 TIM1 and TIM8 prescaler

0x2C TIMx_ARR 0x0000_0000 TIM1 and TIM8 auto-reload register

0x30 TIMx_RCR 0x0000_0000 | TIM1 and TIMS8 repetition counter register

0x34 TIMx_CCR1 0x0000_0000 | TIM1 and TIM8 capture/compare register 1

0x38 TIMx_CCR2 0x0000_0000 | TIM1 and TIM8 capture/compare register 2

0x3C TIMx_CCR3 0x0000_0000 | TIM1 and TIM8 capture/compare register 3

0x40 TIMx_CCR4 0x0000_0000 | TIM1 and TIM8 capture/compare register 4

0x44 TIMx_BDTR 0x0000_0000 TIM1 and TIM8 break and dead-time register
0x48 TIMx_DCR 0x0000_0000 | TIM1 and TIM8 DMA control register

0x4C TIMx_DMAR 0x0000_0000 TIM1 and TIM8 DMA address for full transfer
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14.4.1 TIM1 and TIMS8 control register 1 (TIMx_CR1)

Register | Address offset | Access | Reset value | Description
TIMx_CR1 0x00 RW 0x0000 TIM1 and TIMS8 control register 1
31 | 30 | 29 | 28 | 27z | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14| 13| 12| 11 | 10 9 | 8
Reserved CKDI[1:0]
7 6 | 5 4 3 2 1 0
ARPE CMS[1:0] DIR OPM URS UDIS CEN
TIM1 and TIM8 control register 1 (TIMx_CR1)bit description
Bit Access | Description
[15:10] R Reserved, must be kept at reset value.
[9:8] RW CKDI[1:0]: Clock division
This bit-field indicates the division ratio between the timer clock (CK_INT) frequency and the
dead-time and sampling clock (tprs Jused by the dead-time generators and the digital filters
(ETR, TIx),
00: tpTS = tek Nt
01: tpTS = 2%tck nt
10: tpTS = 4%tk Nt
11: Reserved, do not program this value
[71 RW ARPE: Auto-reload preload enable
0: TIMX_ARR register is not buffered
1: TIMX_ARR register is buffered
[6:5] RW CMS[1:0]: Center-aligned mode selection
00: Edge-aligned mode. The counter counts up or down depending on the direction bit
(DIR).
01: Center-aligned mode 1. The counter counts up and down alternatively. Output compare
interrupt flags of channels configured in output (CCxS=00 in TIMXx_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_CCMRX register) are set
only when the counter is counting up.
11: Center-aligned mode 3. The counter counts up and down alternatively. Output compare
interrupt flags of channels configured in output (CCxS=00 in TIMXx_CCMRX register) are set
both when the counter is counting up or down.
Note: It s not allowed to switch from edge-aligned mode to center-aligned mode as long as
the counter is enabled (CEN = 1)
[4] RW DIR: Direction
0: Counter used as upcounter
1: Counter used as downcounter
Note: This bit is read only when the timer is configured in Center-aligned mode or Encoder
mode.
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(3]

RW

OPM: One pulse mode enable
0: Counter is not stopped at update event
1: Counter stops counting at the next update event (clearing the bit CEN)

(2]

RW

URS: 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:

+ Counter overflow/underflow

+ Setting the UG bit

+ Update generation through the slave mode controller
1: Only counter overflow/underflow generates an update interrupt or DMA request if en-
abled.

(1]

RW

UDIS: 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:
+ Counter overflow/underflow
+ Setting the UG bit
+ 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). 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.

(0]

RW

CEN: Counter enable

0: Counter disabled

1: Counter enabled

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

14.4.2 TIM1 and TIMS8 control register 2(TIMx_CR2, x = 1,8)

Register | Address offset | Access | Reset value | Description
TIMx_CR2 0x04 RW 0x0000 TIM1 and TIM8 control register 2
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 14 13 12 11 10 9 8
Reserved OIs4 OIS3N OIS3 OIS2N 0OIS2 OIS1TN OIS1
7 6 5 4 3 2 1 0
TI1S MMS[1:0] CCDS CCuUs Reserved CCPC
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TIM1 and TIM8 control register 2(TIMx_CR2)bit description

Bit Access | Description

[15] R Reserved, must be kept at reset value.

[14] RW 0OIS4: Output Idle state 4 (OC4 output)
refer to OIS1 bit

[13] RW OIS3N: Output Idle state 3 (OC3N output)
refer to OISTN bit

[12] RW OIS3: Output Idle state 3 (OC3 output)
refer to OIS1 bit

[11] RW OIS2N: Output Idle state 2 (OC2N output)
refer to OISTN bit

[10] RW OIS2: Output Idle state 2 (OC2 output)
refer to OIS1 bit

[9] RW OIS1N: Output Idle state 1 (OCTN output)

0: OC1N=0 after a dead-time when MOE=0
1: OC1N=1 after a dead-time when MOE=0

Note: This bit can not be modified as long as LOCK level 1, 2 or 3 has been programmed (LOCK
bits in TIMx_BDTR register).

[8] RW OIS1: Output Idle state 1 (OC1 output)

0: OC1=0 (after a dead-time if OC1N is implemented) when MOE=0

1: OC1=1 (after a dead-time if OCTN is implemented) when MOE=0

Note: This bit can not be modified as long as LOCK level 1, 2 or 3 has been programmed (LOCK
bits in TIMx_BDTR register)

[7] RW TI1S: 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 (XOR combination)
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[6:4] RW MMS[2:0]: Master mode selection
These bits allow to select the information to be sent in master mode to slave timers for
synchronization (TRGO). The combination is as follows:
MMS mode Description
the UG bit from the TIMx_EGR register is used as trigger out-
000: R put (TRGO). If the resetis generated by the trigger input (slave
mode controller configured in reset mode) then the signal on
TRGO is delayed compared to the actual reset.
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 enable. The
Counter Enable signal is generated by a logic OR between
001: Enable 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).
The update event is selected as trigger output (TRGO). For
010: Update instance a master timer can then be used as a prescaler for a
slave timer.
The trigger output send a positive pulse when the CC1IF flag
011: | Compare Pulse | is to be set (even if it was already high), as soon as a capture
or a compare match occurred. (TRGO)
100: Compare OC1TREF signal is used as trigger output (TRGO)
101: Compare OC2REF signal is used as trigger output (TRGO)
110: Compare OC3REF signal is used as trigger output (TRGO)
111: Compare OC4REF signal is used as trigger output (TRGO)
[3] RW CCDS: Capture/compare DMA selection
0: CCx DMA request sent when CCx event occurs
1: CCx DMA requests sent when update event occurs
[2] RW Capture/compare control update selection
0: When capture/compare control bits are preloaded (CCPC=1), they are updated by setting
the COMG bit only
1: When capture/compare control bits are preloaded (CCPC=1), they are updated by setting
the COMG bit or when an rising edge occurs on TRGI,
Note: This bit acts only on channels that have a complementary output.
[1] R Reserved, must be kept at reset value.
[0] RW CCDS: Capture/compare preloaded control
0: CCxE, CCxNE and OCxM bits are not preloaded
1: CCxE, CCxNE and OCxM bits are preloaded, after having been written, they are updated
only when a commutation event (COM) occurs (COMG bit set or rising edge detected on
TRGI, depending on the CCUS bit).
Note: This bit acts only on channels that have a complementary output.
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14.4.3 TIM1 and TIM8 slave mode control register(TIMx_SMCR, x = 1,8)

Register Address offset | Access | Reset value | Description
TIMx_SMCR 0x08 RW 0x0000_0000 | TIM1 and TIM8 slave mode control register
31 30 | 20 | 28 | 27 | 26 | 25 | 24
Reserved
23 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 14 13| 12 11 | 10 | 9 | 8
ETP ECE ETPS[1:0] ETF[3:0]
7 6 5 | 4 3 2 | 1 | 0
MSM TS[2:0] Reserved SMS[2:0]
TIM1 and TIM8 slave mode control register(TIMx_SMCR)bit description
Bit Access | Description
[15] RW ETP: External trigger polarity
This bit selects whether ETR or ETR is used for trigger operations
0: ETR is non-inverted, active at high level or rising edge.
1: ETR is inverted, active at low level or falling edge.
[14] RW ECE: External clock enable
This bit enables External clock mode 2.
0: External clock mode 2 disabled
1: External clock mode 2 enabled. The counter is clocked by any active edge on the ETRF
signal.
Note:
1. Setting the ECE bit has the same effect as selecting external clock mode 1 with TRGI con-
nected to ETRF (SMS=111 and TS=111).
2. Itis possible to simultaneously use external clock mode 2 with the following slave modes:
reset mode, gated mode and trigger mode. Nevertheless, TRGI must not be connected to
ETRF in this case (TS bits must not be 111).
3. If external clock mode 1 and external clock mode 2 are enabled at the same time, the
external clock input is ETRF.
[13:12] RW ETPS[1:0]: External trigger prescaler
External trigger signal ETRP frequency must be at most 1/4 of TIMXCLK frequency. A
prescaler can be enabled to reduce ETRP frequency. It is useful when inputting fast external
clocks.
00: Prescaler OFF
01: ETRP frequency divided by 2
10: ETRP frequency divided by 4
11: ETRP frequency divided by 8
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[11:8] RW ETF[3:0]: External trigger filter
This bit-field then defines the frequency used to sample ETRP signal and the length of
the digital filter applied 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 fprs  0001: fsampiing = foknt , N=2
0010: fsampuing = fek int, N =4 0011: fsampuing = fek int, N =8
0100: fsampuing = fors/2, N=6 0101: fsampuing = fors/2, N =8
0110: fsampuing = fors/4, N=6 0111: fsampuing = fors/4, N =8
1000: fsampiing = fors/8, N=6 1001: fsampuing = fors/8, N=8
1010: fsampiing = fors/16, N=5 1011: fsampuing = fors/16, N =6
1100: fsampiing = fors/16, N =8 1101: fsampung = fors/32, N=5
1110: fsampiing = fors/32, N=6 1111: fsampung = fors/32, N =38
[7] RW MSM: 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 several timers on a single external event.
[6:4] RW TS[2:0]: Trigger selection
This bit-field selects the trigger input to be used to synchronize the counter.
000: Internal Trigger O(ITRO) 001: Internal Trigger 1(ITR1)
010: Internal Trigger 2(ITR2) 011: Internal Trigger 3(ITR3)
100: TI1 Edge Detector (TI1F_ED) 101: Filtered Timer Input 1(TI1FP1)
110: Filtered Timer Input 2(TI2FP2)  111: External Trigger input(ETRF)
See Table 14.4-5 for more details on ITRx meaning for each Timer
Note: These bits must be changed only when they are not used (e.g. when SMS=000) to avoid
wrong edge detections at the transition.
[3] R Reserved, must be kept at reset value.
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[2:0] RW SMS[2:0]: Slave mode selection
When external signals are selected the active edge of the trigger signal (TRGI) is linked to
the polarity selected on the external input (see Input Control register and Control Register
description.)
SMS Mode Description
if CEN= ‘1" then the prescaler is clocked directly b
000: Slave mode disabled . P yvy
the internal clock.
Counter counts up/down on TI2FP1 edge depending
001: Encoder mode 1
on TITFP2 level.
Counter counts up/down on TI1FP2 edge dependin
010: Encoder mode 2 . e . g
on TI2FP1 level.
Counter counts up/down on both TI1FP1 and TI2FP2
011: Encoder mode 3 . .
edges depending on the level of the other input
Rising edge of the selected trigger input (TRGI) reini-
100: Reset Mode tializes the counter and generates an update of the
registers.
The counter clock is enabled when the trigger input
(TRGI) is high. The counter stops (but is not reset) as
101: Gated Mode i
soon as the trigger becomes low. Both start and stop
of the counter are controlled.
The counter starts at a rising edge of the trigger TRGI
110: Trigger Mode (butitis not reset). Only the start of the counter is con-
trolled.
Rising edges of the selected trigger (TRGI) clock the
111: | External Clock Mode 1
counter.
Note: The gated mode must not be used if TITF_ED is selected as the trigger input (TS=" 100’ ).
Indeed, TITF_ED outputs 1 pulse for each transition on TI1F, whereas the gated mode checks the
level of the trigger signal.
The clock of the slave timer must be enabled prior to receiving events from the master timer, and
must not be changed on-the-fly while triggers are received from the master timer.
Tab 14.4-5 TIMx Internal trigger connection
Slave TIM | ITRO (TS=000) | ITR1(TS=001) | ITR2(TS=010) | ITR3 (TS=011)
TIM1 TIM5_TRGO TIM2_TRGO TIM3_TRGO TIM4_TRGO
TIM8 TIM1_TRGO TIM2_TRGO TIM4_TRGO TIM5_TRGO

14.4.4 TIM1 and TIM8 DMA/interrupt enable register(TIMx_DIER, x = 1,8)

Register

Address offset

Access

Reset value

Description

TIMx_DIER

0x0C

RW

0x0000_0000

TIM1 and TIM8 DMA/interrupt enable register (x = 1,8)
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31

| 30

| 29 | 28 | 27 |

26

25

24

Reserved

23

| 22

| 21 | 20 | 19 |

18

17

16

Reserved

15

14

13 12 11

10

9

Reserved

TDE

COMDE CC4DE CC3DE

CC2DE

CC1DE

UDE

7

6

5 4 3

2

1

BIE

TIE

COMIE CC4IE CC3IE

CC2IE

CC1IE

UIE

TIM1 and TIM8 DMA/interrupt enable register(TIMx_DIER)bit description

Bit

Access

Description

[15]

R

Reserved, must be kept at reset value

[14]

RW

TDE: Trigger DMA request enable
0: Trigger DMA request disabled
1: Trigger DMA request enabled

[13]

RW

COMDE: COM DMA request enable
0: COM DMA request disabled
1: COM DMA request enabled

[12]

RW

CC4DE: Capture/Compare 4 DMA request enable
0: CC4 DMA request disabled
1: CC4 DMA request enabled

(111

RW

CC3DE: Capture/Compare 3 DMA request enable
0: CC3 DMA request disabled
1: CC3 DMA request enabled

[10]

RW

CC2DE: Capture/Compare 2 DMA request enable
0: CC2 DMA request disabled
1: CC2 DMA request enabled

[9]

RW

CC1DE: Capture/Compare 1 DMA request enable
0: CC1 DMA request disabled
1: CC1 DMA request enabled

(8]

RW

UDE: Update DMA request enable
0: Update DMA request disabled
1: Update DMA request enabled

[7]

RW

BIE: Break interrupt enable
0: Break interrupt disabled
1: Break interrupt enabled

(6]

RW

TIE: Trigger interrupt enable
0: Trigger interrupt disabled
1: Trigger interrupt enabled

(5]

RW

COMIE: COM interrupt enable
0: COM interrupt disabled
1: COM interrupt enabled

[4]

RW

CCAIE: Capture/Compare 4 interrupt enable
0: CC4 interrupt disabled
1: CC4 interrupt enabled

(3]

RW

CC3IE: Capture/Compare 3 interrupt enable
0: CC3 interrupt disabled
1: CC3 interrupt enabled
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(2]

RW CC2IE: Capture/Compare 2 interrupt enable

0: CC2 interrupt disabled
1: CC2 interrupt enabled

(1]

RW CC1IE: Capture/Compare 1 interrupt enable

0: CC1 interrupt disabled
1: CC1 interrupt enabled

(0]

RW UIE: Update interrupt enable

0: Update interrupt disabled
1: Update interrupt enabled

14.4.5 TIM1 and TIMS8 status register(TIMx_SR, x = 1,8)

Register | Address offset | Access | Reset value | Description
TIMx_SR 0x10 RC_WO | 0x0000_0000 | TIM1 and TIM8 status register
31 | 30 29 | 28 | 27 26 25 24
Reserved
23 | 22 21 | 20 | 19 18 17 16
Reserved
15 | 14 13 12 11 10 9 8
Reserved CC40F CC30F CC20F CC10F Reserved
7 6 5 4 3 2 1 0
BIF TIF COMIF CCAIF CC3IF CC2IF CC1IF UIF
TIM1 and TIM8 status register(TIMx_SR)bit description
Bit Access | Description
[15:13] R Reserved, must be kept at reset value.
[12] RC_WO | CC4O0F: Capture/Compare 4 overcapture flag
refer to CC10F description
[11] RC_WO0 | CC3OF: Capture/Compare 3 overcapture flag
refer to CC10F description
[10] RC_WO0 | CC20F: Capture/Compare 2 overcapture flag
refer to CC10F description
[9] RC_WO0 | CC10F: 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 itto ‘0’ .
0: No overcapture has been detected.
1: The counter value has been captured in TIMx_CCR1 register while CC1IF flag was already
set
[8] R Reserved, must be kept at reset value
[71 RC_WO0 BIF: 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 input is not active.

0: No break event occurred.

1: An active level has been detected on the break input.
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(6]

RC_WO

TIF: 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, both edges in case gated
mode is selected). It is cleared by software.

0: No trigger event occurred.

1: Trigger interrupt pending.

(5]

RC_WO

COMIF: COM interrupt flag

This flag is set by hardware on COM event (when Capture/compare Control bits - CCxE,
CCxNE, OCxM - have been updated). It is cleared by software.

0: No COM event occurred.

1: COM interrupt pending.

[4]

RC_WO

CC4IF: Capture/Compare 4 interrupt flag
refer to CC1IF description

(3]

RC_WO

CC3IF: Capture/Compare 3 interrupt flag
refer to CC1IF description

[2]

RC_WO

CC2IF: Capture/Compare 2 interrupt flag refer to CC1IF description

(1]

RC_WO

CC1IF: 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, with some ex-
ception in center-aligned mode (refer to the CMS bits in the TIMx_CR1 register description).
Itis cleared by software.

0: No match.

1: The content of the counter TIMx_CNT matches the content of the TIMx_CCR1 register.
When the contents of TIMx_CCR1 are greater than the contents of TIMx_ARR, the CC1IF bit
goes high on the counter overflow (in upcounting and up/down-counting modes) or under-
flow (in downcounting mode)

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)

(0]

RC_WO

UIF: Update interrupt flag

This bit is set by hardware on an update event. It is cleared by software.

0: No update occurred.

1: Update interrupt pending. This bit is set by hardware when the registers are updated:

+ At overflow or underflow regarding the repetition counter value (update if repetition
counter = 0) and if the UDIS=0 in the TIMx_CR1 register.

* When CNT is reinitialized by software using the UG bit in TIMx_EGR register, if URS=0
and UDIS=0 in the TIMx_CR1 register.

* When CNT is reinitialized by a trigger event (TIMx_SMCR), if URS=0 and UDIS=0 in the
TIMx_CR1 register.
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14.4.6 TIM1 and TIM8 event generation register(TIMx_EGR, x = 1,8)

Register | Address offset | Access | Reset value | Description
TIMx_EGR 0x14 w 0x0000_0000 | TIM1 and TIM8 event generation register
31 | 30 | 29 | 28 | 27z | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14| 13| 12| 11 | 10 | 9 | 8
Reserved
7 6 5 4 3 2 1 0
BG TG COMG CC4G CC3G CC2G cC1G UG
TIM1 and TIM8 event generation register(TIMx_EGR)bit description
Bit Access | Description
[31:8] R Reserved, must be kept at reset value
[7] w BG: Break generation
This bit is set by software in order to generate an event, it is automatically cleared by hard-
ware.
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.
[6] w TG: Trigger generation
This bit is set by software in order to generate an event, it is automatically cleared by hard-
ware.
0: No action
1: The TIF flag is set in TIMX_SR register. Related interrupt or DMA transfer can occur if
enabled.
[5] W COMIF: 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, CCXxNE and OCxM bits
Note: This bit acts only on channels having a complementary output.
[4] w CC4G: Capture/Compare 4 generation
refer to CC1G description
[3] w CC3G: CC3G: Capture/Compare 3 generation
refer to CC1G description
[2] w CC2G: CC2G: Capture/Compare 2 generation

refer to CC1G description
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[1] w CC1G: Capture/Compare 1 generation

This bit is set by software in order to generate an event, it is automatically cleared by hard-
ware.

0: No action

1: A capture/compare event is generated on channel 1:

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 the
CC1IF flag was already high

[0] W UG: Update generation

This bit can be set by software, it is automatically cleared by hardware.

0: No action

1: Reinitialize the counter and generates 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 selected or if DIR=0 (upcounting), else it takes the auto-reload
value (TIMx_ARR) if DIR=1 (downcounting).

14.4.7 TIM1 and TIM8 capture/compare mode register 1(TIMx_CCMR1, x = 1,8)

Note: The channels can be used in input (capture mode) or in output (compare mode). The direction of a channel is defined
by configuring the corresponding CCxS bits. All the other bits of this register have a different function in input and in output
mode. For a given bit, OCxx describes its function when the channel is configured in output, ICxx describes its function when
the channel is configured in input. So the user must take care that the same bit can have a different meaning for the input

stage and for the output stage.

Register Address offset | Access | Resetvalue | Description
TIMx_CCMR1 0x18 RW 0x0000_0000 | TIM1 and TIM8 capture/compare mode register 1
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 11 | 10 9 | 8
IC2F[3:0] IC2PSCI[1:0] CC2S5[1:0]
OC2CE 0oC2M[2:0] OC2PE OC2FE CC2S5[1:0]
7 6 | 5 | 4 3 2 1 | 0
IC1F[3:0] IC1PSC[1:0] CC15[1:0]
OC1CE OC1M[2:0] OC1PE OCI1FE CC1S[1:0]

Input capture mode

TIM1 and TIM8 capture/compare mode register 1(TIMx_CCMR1)bit description

Bit Access | Description
[31:16] R Reserved, must be kept at reset value.
[15:12] RW IC2F[3:0]: Input capture 2 filter
[11:10] RW IC2PSC[1:0]: Input capture 2 prescaler
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[9:8] RW CC2S[1:0]: 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 TS bit (TIMx_SMCR register)
Note: CC2S bits are writable only when the channel is OFF (CC2E = ‘0’ in TIMx_CCER).
[7:4] RW IC1F[3:0]: 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 fprs  0001: fsampiing = foknt , N=2
0010: fsampuing = fek int, N =4 0011: fsampuing = fek int, N=8
0100: fsampuing = fors/2, N=6 0101: fsampuing = fors/2, N =8
0110: fsampuing = fors/4, N=6 0111: fsampuing = fors/4, N =8
1000: fsampiing = fors/8, N=6 1001: fsampuing = fors/8, N=8
1010: fsampiing = fors/16, N=5 1011: fsampuing = fors/16, N =6
1100: fsampuing = fors/16, N =8 1101: fsampung = fors/32, N=5
1110: fsampiing = fors/32, N=6 1111: fsampung = fors/32, N =38
[3:2] RW IC1PSC[1:0]: Input capture 1 prescaler
This bit-field defines the ratio of the prescaler acting on CC1 input (IC1). The prescaler is
reset as soon as CC1E=" 0 (TIMx_CCER register).
00: no prescaler, capture is done each time an edge is detected on the capture input
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] RW 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 selected through TS bit (TIMx_SMCR register)

Note:

CC1S bits are writable only when the channel is OFF (CCTE= ‘0’ in TIMx_CCER)

Output compare mode:

TIM1 and TIM8 capture/compare mode register 1(TIMx_CCMR1)bit description

Bit Access | Description
[31:16] R Reserved, must be kept at reset value.
[15] RW OC2CE: Output Compare 2 clear enable
[14:12] RW 0C2M[2:0]: Output Compare 2 mode
[11] RW OC2PE: Output Compare 2 preload enable
[10] RW OC2FE: Output Compare 2 fast enable
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[9:8] RW CC2S[1:0]: 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 = ‘0’ in TIMx_CCER).

[7] RW OC1CE: Output Compare 1 clear enable

OC1CE: Output Compare 1 Clear Enable

0: OC1Ref is not affected by the ETRF Input

1: OC1Ref is cleared as soon as a High level is detected on ETRF input

[6:4] RW OC1M[2:0]: Output Compare 1 mode

These bits define the behavior of the output reference signal OC1REF from which OC1 and
OC1N are derived. OC1REF is active high whereas OC1 and OC1N active level depends on
CC1P and CCTNP bits.

000: Frozen - The comparison between the output compare register TIMx_CCR1 and the

counter TIMx_CNT has no effect on the outputs.(this mode is used to generate a timing
base).

001: Set channel 1 to active level on match. OC1REF signal 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 TIMx_CNT=TIMx_CCR1.

100: Force inactive level - OCTREF 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_CCR1
else inactive. In downcounting, channel 1 is inactive (OC1REF= ‘0’ ) as long as
TIMx_CNT>TIMx_CCR1 else active (OC1REF=" 1’ ).

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 TIMx_CNT>TIMx_CCR1 else
inactive.

Note:

1.These bits can not be modified as long as LOCK level 3 has been programmed (LOCK bits in
TIMx_BDTR register) and CC1S=" 00’ (the channel is configured in output).

2. In PWM mode 1 or 2, the OCREF level changes only when the result of the comparison changes
or when the output compare mode switches from “frozen” mode to “PWM” mode.

[3] RW OC1PE: Output Compare 1 preload enable

0: Preload register on TIMx_CCR1 disabled. TIMx_CCR1 can be written at anytime, the new
value is taken in account immediately.

1: Preload register on TIMx_CCR1 enabled. Read/Write operations access the preload
register. TIMx_CCR1 preload value is loaded in the active register at each update event.
Note:

1.These bits can not be modified as long as LOCK level 3 has been programmed (LOCK bits in
TIMx_BDTR register) and CC1S=" 00’ (the channel is configured in output).

2.The PWM mode can be used without validating the preload register only in one pulse mode
(OPM bit set in TIMx_CR1 register). Else the behavior is not guaranteed.
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(2]

RW

OC1FE: 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 CC1 output. Then, OCis
set to the compare level independently from the result of the comparison. Delay to sample
the trigger input and to activate CC1 output is reduced to 3 clock cycles. OCFE acts only if
the channel is configured in PWM1 or PWM2 mode.

[1:0]

RW

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 selected through TS bit (TIMx_SMCR register)

Note: CC7S bits are writable only when the channel is OFF (CC1E= ‘0’ in TIMx_CCER)

14.4.8 TIM1 and TIM8 capture/compare mode register 2(TIMx_CCMR2, x = 1,8)

Register Address offset | Access | Resetvalue | Description
TIMx_CCMR2 0x1C RW 0x0000_0000 | TIM1 and TIM8 capture/compare mode register 2
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 11 | 10 9 | 8
IC4F[3:0] IC4PSC[1:0] CC43[1:0]
OC4CE 0C4M[2:0] OC4PE OCA4FE CC43[1:0]
7 6 | 5 | 4 3 2 1 | 0
IC3F[3:0] IC3PSC[1:0] CC33[1:0]
OC3CE 0OC3M[2:0] OC3PE OC3FE CC33[1:0]
Input capture mode
TIM1 and TIM8 capture/compare mode register 2(TIMx_CCMR2)bit description
Bit Access | Description
[31:16] R Reserved, must be kept at reset value.
[15:12] RW IC4F[3:0]: Input capture 4 filter
[11:10] RW IC4PSC[1:0]: Input capture 4 prescaler
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[9:8] RW CC4S[1:0]: Capture/Compare 4 selection

This bit-field defines the direction of the channel (input/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 TI4

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 selected through TS bit (TIMx_SMCR register)

Note: CC4S bits are writable only when the channel is OFF (CC4E = ‘0’ in TIMx_CCER).

[7:4] RW IC3F[3:0]: Input capture 3 filter
[3:2] RW IC3PSC[1:0]: Input capture 3 prescaler
[1:0] RW CC3S[1:0]: 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 TI4

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 TS bit (TIMx_SMCR register)

Note: CC3S bits are writable only when the channel is OFF (CC3E= ‘0’ in TIMx_CCER).

Output compare mode:

TIM1 and TIM8 capture/compare mode register 2(TIMx_CCMR2)bit description

Bit Access | Description
[31:16] R Reserved, must be kept at reset value.
[15] RW OC4CE: Output compare 4 clear enable
[14:12] RW 0C4M[2:0]: Output compare 4 mode
[11] RW OC4PE: Output compare 4 preload enable
[10] RW OC4FE: Output compare 4 fast enable
[9:8] RW CC4S[1:0]: Capture/Compare 4 selection

This bit-field defines the direction of the channel (input/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 TI4

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 selected through TS bit (TIMx_SMCR register)

Note: CC4S bits are writable only when the channel is OFF (CC4E = ‘0’ in TIMx_CCER).

[7] RW OC3CE: Output compare 3 clear enable
[6:4] RW 0OC3M[2:0]: Output compare 3 mode

[3] RW OC3PE: Output compare 3 preload enable

[2] RW OC3FE: Output compare 3 fast enable
[1:0] RW CC3S[1:0]: 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 TI4

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 TS bit (TIMx_SMCR register)

Note: CC3S bits are writable only when the channel is OFF (CC3E= ‘0’ in TIMx_CCER).
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14.4.9 TIM1 and TIM8 capture/compare enable register(TIMx_CCER, x = 1,8)

Register

Address offset

Access

Reset value

Description

TIMx_CCER

0x20

RW

0x0000_0000

TIM1 and TIMS8 capture/compare enable register

31

30 |

29

28

27

26

25

24

Reserved

21

20

19

18

17

16

Reserved

13

12

11

10

9

Reserved

CC4pP

CC4E

CC3NP

CC3NE

Ccc3p

CC3E

7

6

5

4

3

2

1

CC2NP

CC2NE

cczp

CC2E

CCINP

CCINE

cc1p

CC1E

TIM1 and TIM8 capture/compare enable register(TIMx_CCER)bit description

Bit

Access

Description

[31:14]

Reserved, must be kept at reset value.

[13]

RW

CC4P: Capture/Compare 4 output polarity
refer to CC1P description

[12]

RW

CC4E: Capture/Compare 4 output enable
refer to CC1E description

(111

RW

CC3NP: Capture/Compare 3 complementary output polarity
refer to CC1NP description

[10]

RW

CC3NE: Capture/Compare 3 complementary output enable
refer to CC1NE description

(9]

RW

CC3P: Capture/Compare 3 output polarity
refer to CC1P description

(8]

RW

CC3E: Capture/Compare 3 output enable
refer to CC1E description

[7]

RW

CC2NP: Capture/Compare 2 complementary output polarity
refer to CC1NP description

(6]

RW

CC2NE: Capture/Compare 2 complementary output enable
refer to CC1NE description

(5]

RW

CC2P: Capture/Compare 2 output polarity
refer to CC1P description

(4]

RW

CC2E: Capture/Compare 2 output enable
refer to CC1E description

(3]

RW

CC1NP: Capture/Compare 1 complementary output polarity
0: OC1N active high.

1: OC1N active low.

Note:
TIMX_BDTR register) and CC15=" 00" (the channel is configured in output).

This bit is not writable as soon as LOCK level 2 or 3 has been programmed (LOCK bits in

[2]

RW

CCINE: Capture/Compare 1 complementary output enable

0: Off - OC1N is not active. OC1N level is then function of MOE, OSSI, OSSR, OIS1, OISTN

and CC1E bits.

1: On - OC1N signal is output on the corresponding output pin depending on MOE, OSS],

OSSR, OIS1, OIS1N and CC1E bits.
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[1] RW CC1P: Capture/Compare 1 output polarity

CC1 channel configured as output:

0: OC1 active high

1: OC1 active low

CC1 channel configured as input:

This bit selects whether IC1 or IC1 is used for trigger or capture operations.

0: non-inverted: capture is done on a rising edge of IC1. When used as external trigger,
IC1 is non-inverted.

1: inverted: capture is done on a falling edge of IC1. When used as external trigger, IC1 is
inverted.

Note: This bit is not writable as soon as LOCK level 2 or 3 has been programmed (LOCK bits in
TIMx_BDTR register).

[0] RW CC1E: Capture/Compare 1 output enable

CC1 channel configured as output:

0: Off - OC1 is not active. OC1 level is then function of MOE, OSSI, OSSR, OIS1, OISTN and
CC1NE bits.

1: On - OC1 signal is output on the corresponding output pin depending on MOE, OSSI,
OSSR, OIS1, OISTN and CC1NE bits.

CC1 channel configured as input:

This bit determines if a capture of the counter value can actually be done into the input
capture/compare register 1 (TIMx_CCR1) or not.

0: Capture disabled.

1: Capture enabled.
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Tab 14.4-14 Output control bits for complementary OCx and OCxN channels with break feature

Control bits Output states
MOE 0OSSI OSSR CCxE | CCxNE | OCx output state OCxN output state
0 0 0 Output Disabled (not driven by | Output Disabled (not driven by
the timer)OCx=0, OCx_EN=0 the timer) OCxN=0, OCxN_EN=0
OCXREF + Polarit
Output Disabled (not driven by y
0 0 1 i OCxN = (OCXREF xor CCxNP),
the timer)OCx=0, OCx_EN=0
OCXN_EN=1
OCXREF + Polarity . .
Output Disabled (not driven by
0 1 0 OCx = (OCXREF xor CCxP), .
the timer) OCxN=0, OCxN_EN=0
OCx_EN=1
. ) Complementary to OCREF +
OCXREF + Polarity + dead-time . .
0 1 1 Polarity + dead-time
OCx_EN=1
OCXN_EN=1
1 X 1 0 0 Output Disabled (not driven by | Output Disabled (not driven by
the timer)OCx=CCxP, OCx_EN=0| the timer) OCxN=CCxNP, OCxN_EN=(Q
Off-State (output enabled with | OCxREF + Polarity
1 0 1 inactive state) OCxN = (OCXREF xor CCxNP),
OCx=CCxP, OCx_EN=1 OCxN_EN=1
OCXREF + Polarity Off-State (output enabled with
1 1 0 OCx = (OCXREF xor CCxP), inactive state)
OCx_EN=1 OCxN=CCxNP, OCxN_EN=1
) ) Complementary to OCREF +
OCXREF + Polarity + dead-time . .
1 1 1 Polarity + dead-time
OCx_EN=1
OCxN_EN=1
0 0 0 Output Disabled (not driven by the timer)
0 0 1 Asynchronously: OCx=CCxP , OCx_EN=0, OCxN=CCxNP , OCxN_EN=0
0 1 0 Then if the clock is present: OCx=0ISx and OCxN=0ISxN after a
0 1 1 dead-time, assuming that OISx and OISxN do not correspond to OCX
0 1 0 0 and OCxN both in active state
X
1 0 1 Off-State (output enabled with inactive state)
1 1 0 Asynchronously: OCx=CCxP, OCx_EN=1, OCxN=CCxNP, OCxN_EN=1
1 1 1 Then if the clock is present: OCx=0ISx and OCxN=0ISxN after a
dead-time, assuming that OISx and OISxN do not correspond to OCX

When both outputs of a channel are not used (CCxE = CCxNE = 0), the OISx, OISxN, CCxP and CCxNP bits must be kept
cleared.

Note: The state of the external I/0 pins connected to the complementary OCx and OCxN channels depends on the OCx and
OCxN channel state and the GPIOand AFIO registers.
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14.4.10 TIM1 and TIMS8 counter(TIMx_CNT, x = 1,8)

Register | Address offset | Access | Reset value | Description

TIMx_CNT 0x24 RW 0x0000_0000 | TIM1 and TIM8 counter

31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved

23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved

15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
CNT[15:8]

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
CNT[7:0]

TIM1 and TIM8 counter(TIMx_CNT)bit description

Bit Access | Description
[31:16] R Reserved, must be kept at reset value.
[15:0] RW CNT[15:0]: Counter value

14.4.11 TIM1 and TIMS8 prescaler(TIMx_PSC, x = 1,8)

Register | Address offset | Access | Reset value | Description

TIMx_PSC 0x28 RW 0x0000_0000 | TIM1 and TIM8 prescaler

31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved

23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved

15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
PSC[15:8]

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
PSC[7:0]

TIM1 and TIM8 prescaler(TIMx_PSC)bit description

Bit Access | Description
[31:16] R Reserved, must be kept at reset value.
[15:0] RW PSC[15:0]: Prescaler value

The counter clock frequency (CK_CNT) is equal to fck psc / (PSC[15:0] + 1). PSC contains the
value to be loaded in the active prescaler 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” ).
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14.4.12 TIM1 and TIM8 auto-reload register(TIMx_ARR, x = 1,8)

Register | Address offset | Access | Reset value | Description
TIMx_ARR 0x2C RW 0x0000_0000 | TIM1 and TIM8 auto-reload register
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
ARR[31:24]
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
ARR[23:16]
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
ARR[15:8]
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
ARR[7:0]
TIM1 and TIM8 auto-reload register(TIMx_ARR)bit description
Bit Access | Description
[31:0] RW ARR[31:0]: Auto-reload value

ARR is the value to be loaded in the actual auto-reload register. Refer to Section 14.3.1:
Time-base unit for more details about ARR update and behavior. The counter is blocked

while the auto-reload value is null.

14.4.13 TIM1 and TIMS8 repetition counter register(TIMx_RCR, x = 1,8)

Register | Address offset | Access | Resetvalue | Description
TIMx_RCR 0x30 RW 0x0000_0000 | TIM1 and TIMS repetition counter register (x = 1,8)
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Reserved
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
REP[7:0]
TIM1 and TIMS8 repetition counter register(TIMx_RCR)bit description
Bit Access | Description
[31:8] R Reserved, must be kept at reset value.
[7:0] RW RFP[7:0]: 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 enable, as well as the
update interrupt generation rate, if this interrupt is enable.
Each time the REP_CNT related downcounter reaches zero, an update event is generated
and it restarts counting 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
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14.4.14 TIM1 and TIMS8 capture/compare register 1 (TIMx_CCR1, x = 1,8)

If channel CC1 is configured as output:

update event occurs.

TIMx_CNT and signaled on OC1 output.
If channel CC1 is configured as input:

register is read-only and cannot be programmed.

Register | Address offset | Access | Reset value | Description
TIMx_CCR1 0x34 RW 0x0000_0000 | TIM1 and TIM8 capture/compare register 1 (x = 1,8)
31 | 30 | 29 | 28 | 27 | 26 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 17 | 16
Reserved
15 | 14 | 13 | 12 | 11 | 10 9 | 8
CCR1[15:8]
7 | 6 | 5 | 4 | 3 | 2 1 | 0
CCR1[7:0]
TIM1 and TIM8 capture/compare register 1 (TIMx_CCR1)bit description
Bit Access | Description
[31:16] - TIM1 and TIM8 capture/compare register 1
[15:0] RW CCR1[15:0]: Capture/Compare 1 value

CCR1 is the value to be loaded in the actual capture/compare 1 register (preload value). It
is loaded permanently if the preload feature is not selected in the TIMx_CCMR1 register (bit
OC1PE). Else the preload value is copied in the active capture/compare 1 register when an

The active capture/compare register contains the value to be compared to the counter

CCR1 is the counter value transferred by the last input capture 1 event (IC1). The TIMx_CCR1

14.4.15 TIM1 and TIM8 capture/compare register 2(TIMx_CCR2, x = 1,8)

Register | Address offset | Access | Reset value | Description
TIMx_CCR2 0x38 RW 0x0000_0000 | TIM1 and TIM8 capture/compare register 2
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
CCR2[15:8]
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
CCR2[7:0]
TIM1 and TIM8 capture/compare register 2(TIMx_CCR2)bit description
Bit Access | Description
[31:16] R Reserved, must be kept at reset value.
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[15:0] RW CCR2[15:0]: Capture/Compare 2 value

If channel CC2 is configured as output:

CCR2 is the value to be loaded in the actual capture/compare 2 register (preload value). It
is loaded permanently if the preload feature is not selected in the TIMx_CCMR2 register (bit
OC2PE). Else the preload value is copied in the active capture/compare 2 register when an
update event occurs.

The active capture/compare register contains the value to be compared to the counter
TIMx_CNT and signalled on OC2 output.

If channel CC2 is configured as input:

CCR2 is the counter value transferred by the last input capture 2 event (IC2). The TIMx_CCR2
register is read-only and cannot be programmed.

14.4.16 TIM1 and TIM8 capture/compare register 3 (TIMx_CCR3, x = 1,8)

Register | Address offset | Access | Reset value | Description

TIMx_CCR3 0x3C RW 0x0000_0000 | TIM1 and TIM8 capture/compare register 3
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
CCR3[15:8]
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
CCR3[7:0]

TIM1 and TIM8 capture/compare register 3 (TIMx_CCR3)bit description

Bit Access | Description
[31:16] R Reserved
[15:0] RW CCR3[15:0]: Capture/Compare value

If channel CC3 is configured as output:

CCR3 is the value to be loaded in the actual capture/compare 3 register (preload value). It
is loaded permanently if the preload feature is not selected in the TIMx_CCMRS3 register (bit
OC3PE). Else the preload value is copied in the active capture/compare 3 register when an
update event occurs.

The active capture/compare register contains the value to be compared to the counter
TIMx_CNT and signalled on OC3 output.

If channel CC3 is configured as input:

CCR3is the counter value transferred by the last input capture 3 event (IC3). The TIMx_CCR3
register is read-only and cannot be programmed.

14.4.17 TIM1 and TIM8 capture/compare register 4(TIMx_CCR4, x =1,8)

Register | Address offset | Access | Reset value | Description
TIMx_CCR4 0x40 RW 0x0000_0000 | TIM1 and TIM8 capture/compare register 4
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31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 | 12 | 1 | 10 | 9 | 8
CCRA[15:8]
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
CCRA4[7:0]

TIM1 and TIMS8 capture/compare register 4(TIMx_CCR4)bit description

Bit Access | Description
[31:16] R Reserved
[15:0] RW CCR4[15:0]: Capture/Compare value

If channel CC4 is configured as output:

CCR4 is the value to be loaded in the actual capture/compare 4 register (preload value). It
is loaded permanently if the preload feature is not selected in the TIMx_CCMRA4 register (bit
OC4PE). Else the preload value is copied in the active capture/compare 4 register when an
update event occurs.

The active capture/compare register contains the value to be compared to the counter
TIMx_CNT and signalled on OC4 output.

If channel CC4 is configured as input:

CCR4 is the counter value transferred by the last input capture 4 event (IC4). The TIMx_CCR3
register is read-only and cannot be programmed.
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14.4.18 TIM1 and TIM8 break and dead-time register(TIMx_BDTR, x = 1,8)

Note: As the bits AOE, BKP, BKE, OSSI, OSSR and DTG[7:0] can be write-locked depending on the LOCK configuration, it can

be necessary to configure all of them during the first write access to the TIMx_BDTR register.

Register | Address offset | Access | Resetvalue | Description
TIMx_BDTR 0x44 RW 0x0000_0000 | TIM1 and TIM8 break and dead-time register
31 | 30 | 29 | 28 | 27z | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 14 13 12 11 10 | 8
MOE AOE BKP BKE OSSR 0OSsI LOCK[1:0]
7 6 5 4 3 2 | 0
DTG[7:0]
TIM1 and TIMS8 break and dead-time register(TIMx_BDTR)bit description
Bit Access | Description
[31:16] R Reserved
[15] RW MOE: Main output enable
This bit is cleared asynchronously by hardware as soon as the break input is active. It is set
by software or automatically depending on the AOE bit. It is acting only on the channels
which are configured in output.
0: OC and OCN outputs are disabled or forced to idle state.
1: OC and OCN outputs are enabled if their respective enable bits are set (CCxE, CCxNE in
TIMx_CCER register).
See OC/OCN enable description for more details((Section 14.4.9:TIMx_CCER).)
[14] RW AOE: Automatic output enable
0: MOE can be set only by software
1: MOE can be set by software or automatically at the next update event (if the break input
is not be active)
Note: This bit can not be modified as long as LOCK level 1 has been programmed (LOCK bits
in TIMx_BDTR register).
[13] RW BKP: Break polarity
0: Break input BRK is active low
1: Break input BRK is active high
Note:
1.This bit can not be modified as long as LOCK level 1 has been programmed (LOCK bits in
TIMx_BDTR register).
2. Any write operation to this bit takes a delay of 1 APB clock cycle to become effective.
[12] RW BKE: Break enable
0: Break inputs (BRK and CSS clock failure event) disabled
1; Break inputs (BRK and CSS clock failure event) enabled
Note:
1. This bit cannot be modified when LOCK level 1 has been programmed (LOCK bits in TIMx_BDTR
register).
2. Any write operation to this bit takes a delay of 1 APB clock cycle to become effective.
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[11] RW OSSR: Off-state selection for Run mode

This bit is used when MOE=1 on channels having a complementary output which are con-
figured as outputs. OSSR is not implemented if no complementary output is implemented
in the timer.

See OC/OCN enable description for more details (Section 14.4.9:TIMx_CCER).

0: When inactive, OC/OCN outputs are disabled (OC/OCN enable output signal=0).

1: When inactive, OC/OCN outputs are enabled with their inactive level as soon as CCxE=1
or CCxNE=1. Then, OC/OCN enable output signal=1

Note: This bit can not be modified as soon as the LOCK level 2 has been programmed (LOCK bits
in TIMx_BDTR register)

[10] RW OSSI: Off-state selection for Idle mode

This bit is used when MOE=0 on channels configured as outputs.

See OC/OCN enable description for more details (Section 14.4.9:TIMx_CCER).

0: When inactive, OC/OCN outputs are disabled (OC/OCN enable output signal=0).

1: When inactive, OC/OCN outputs are forced first with their idle level as soon as CCxE=1 or
CCxNE=1. OC/OCN enable output signal=1

Note: This bit can not be modified as soon as the LOCK level 2 has been programmed (LOCK
bits in TIMx_BDTR register).

[9:8] RW LOCK[1:0]: Lock configuration

These bits offer a write protection against software errors.

00: LOCK OFF - No bit is write protected.

01: LOCK Level 1 = DTG bits in TIMx_BDTR register, OISx and OISxN bits in TIMx_CR2
register and BKE/BKP/AOE bits in TIMx_BDTR 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 related channel is configured in output through the CCxS bits) as well as
OSSR and OSSI bits can no longer be written.

11: LOCK Level 3 = LOCK Level 2 + CC Control bits (OCxM and OCXxPE bits in TIMx_CCMRXx
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 content is frozen until the next reset.

[7:0] RW DTG[7:0]: 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]=0xx => DT=DTG[7:0]x tqtg With taeq =Tors .
DTG[7:5]=10x => DT=(64+DTG[5:0])X tgeg With Tgeg =2X tors .
DTG[7:5]=110 => DT=(32+DTG[4:0])x tgtg With Tgeq =8X tors .
DTG[7:5]=111 => DT=(32+DTG[4:0])X tgeg With Tgeg =16X tors .
Example if Tprs = 125ns (8MHz), dead-time possible values are:
0 to 15875 ns by 125 ns steps,

16 us to 31750 ns by 250 ns steps,

32 usto 63 us by 1 us steps,

64 us to 126 us by 2 us steps

Note: This bit-field can not be modified as long as LOCK level 1, 2 or 3 has been programmed
(LOCK bits in TIMx_BDTR register).
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14.4.19 TIM1 and TIM8 DMA control register(TIMx_DCR, x = 1,8)

Register | Address offset | Access | Reset value | Description
TIMx_DCR 0x48 RW 0x0000_0000 | TIM1 and TIM8 DMA control register (x = 1,8)
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Reserved
23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Reserved
15 | 14 | 13 12 | 11 | 10 | 9 | 8
Reserved DBL[4:0]
7 | 6 | 5 4 | 3 | 2 | 1 | 0
Reserved DBA[4:0]

TIM1 and TIM8 DMA control register(TIMx_DCR)bit description

Bit Access | Description
[31:13] R Reserved, must be kept at reset value
[12:8] RW DBL[4:0]: DMA burst length

This 5-bit vector defines the number of DMA transfers (the timer detects a burst trans-
fer when a read or a write access to the TIMx_DMAR register address is performed). the
TIMx_DMAR address:

00000 ~ 10001: O ~ 18 transfers

[7:5] R Reserved, must be kept at reset value.

[4:0] RW DBA[4:0]: DMA base address

This 5-bits vector defines the base-address for DMA transfers (when read/write access are
done through the TIMx_DMAR address). DBA is defined as an offset starting from the ad-
dress of the TIMx_CR1 register:

00000: TIMx_CR1

00001: TIMx_CR2

00010: TIMx_SMCR

Example: Let us consider the following transfer: DBL = 7 transfers and DBA = TIMx_CR1. In
this case the transfer is done to/from 7 registers starting from the TIMx_CR1 address.
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14.4.20 TIM1 and TIM8 DMA address for full transfer(TIMx_DMAR, x = 1,8)

Register Address offset | Access | Resetvalue | Description
TIMx_DMAR 0x4C RW 0x0000_0000 | TIM1 and TIM8 DMA address for full transfer

31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
DMABI[31:24]

23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
DMABI[23:16]

15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
DMABI[15:8]

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0

DMABI7:0]

TIM1 and TIM8 DMA address for full transfer(TIMx_DMAR)bit description

Bit Access

Description

[31:0] RW

DMABI15:0]: 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 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).

Example of how to use the DMA burst feature

In this example the timer DMA burst feature is used to update the contents of the CCRx
registers (x = 2, 3, 4) with the DMA transferring half words into the CCRx registers.
This is done in the following steps:

1. Configure the corresponding DMA channel as follows:
+ DMA channel peripheral address is the DMAR register address
+ DMA channel memory address is the address of the buffer in the RAM containing
the data to be transferred by DMA into CCRXx registers.
* Number of data to transfer = 3 (See note below).
+ Circular mode disabled.
2. Configure the DCR register by configuring the DBA and DBL bit fields as follows: DBL
= 3 transfers, DBA = OXE.
3. Enable the TIMx update DMA request (set the UDE bit in the DIER register).
4. Enable TIMx
5. Enable the DMA channel
Note:
This example is for the case where every CCRx register to be updated once. If every CCRx register
is to be updated twice for example, the number of data to transfer should be 6. Let's take the
example of a buffer in the RAM containing datal, data2, data3, data4, data5 and data6. The
data is transferred to the CCRx registers as follows: on the first update DMA request, datal is
transferred to CCR2, data?2 is transferred to CCR3, data3 is transferred to CCR4 and on the second
update DMA request, data4 is transferred to CCR2, data5 is transferred to CCR3 and data6 is
transferred to CCR4.
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15 General-purpose timers (TIM2 to TIM5)
15.1 TIM2 to TIMS introduction

The general-purpose timers consist of a 32-bit auto-reload counter driven by a programmable
prescaler.

They may be used for a variety of purposes, including measuring the pulse lengths of input signals
(input capture) or generating output waveforms (output compare and 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 as described in Section 15.3.15

15.2 TIMx main features

* 32-bit up, down, up/down auto-reload counter.
* 16-bit programmable prescaler used to divide (also “on the fly” ) the counter clock frequency
by any factor between 1 and 65536.
« Up to 4 independent channels for:
- Input capture
- Output compare
- PWM generation (Edge- and Center-aligned modes)
- One-pulse mode output
* Synchronization circuit to control the timer with external signals and to interconnect several
timers.
* Interrupt/DMA generation on the following events:
- Update: counter overflow/underflow, counter initialization (by software or internal/external
trigger)
- Trigger event (counter start, stop, initialization or count by internal/external trigger)
- Input capture
- Output compare
+ Supports incremental (quadrature) encoder and hall-sensor circuitry for positioning purposes
* Trigger input for external clock or cycle-by-cycle current management
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Fig 15.2-1 General-purpose timer block diagram
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15.3 TIMx functional description

15.3.1 Time-base unit

The main block of the programmable timer is a 32-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:

* Counter Register (TIMx_CNT)
* Prescaler Register (TIMx_PSC):
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* Auto-Reload Register (TIMx_ARR)

The auto-reload register is preloaded. Writing to or reading from the auto-reload register accesses
the preload register. The content of the preload register are 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 generation of the update event is described in detail for each configuration.

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 (refer also to the slave mode controller description to get more
details on counter enabling).

Note that the actual counter enable signal CNT_EN is set 1 clock cycle after CEN.
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.

Fig 15.3-1 Counter timing diagram with prescaler division change from 1 to 2
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Fig 15.3-2 Counter timing diagram with prescaler division change from 1 to 4
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15.3.2 Counter modes
Upcounting mode

In upcounting mode, the counter counts from 0 to the auto-reload value (content of the TIMx_ARR
register), 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).

The UEV event can be disabled by software by 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 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 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):

* The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC register)
* The auto-reload shadow register is updated with the preload value (TIMx_ARR)

The following figures show some examples of the counter behavior for different clock frequencies
when TIMx_ARR=0x36.
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Fig 15.3-3 Counter timing diagram, internal clock divided by 1
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Fig 15.3-4 Counter timing diagram, internal clock divided by 2
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Fig 15.3-5 Counter timing diagram, internal clock divided by 4
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Fig 15.3-6 Counter timing diagram, internal clock divided by N

CK_INT

3

Timerclock = CK_CNT

N

UYL Juduiduye

Counter register

1F

20

00

Counter overflow

Update event (UEV)

Update interrupt flag (UIF)

Va0

megawin

make you win

DocID 2157012 Rev 2.4

275/639



15

General-purpose timers (TIM2 to TIM5) MG32F157xx Reference Manual

Fig 15.3-7 Counter timing diagram, Update event when ARPE=0 (TIMx_ARR not preloaded)
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Fig 15.3-8 Counter timing diagram, Update event when ARPE=1 (TIMx_ARR preloaded)
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Downcounting mode

In downcounting mode, the counter counts from the auto-reload value (content of the TIMx_ARR
register) down to 0, then restarts from the auto-reload value and generates a counter underflow event.

An Update event can be generate 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 by 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
doesn’ tchange).

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 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):

*+ The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC register).

* The auto-reload active register is updated with the preload value (content of the TIMx_ARR regis-
ter). Note that the auto-reload is updated before the counter is reloaded, so that the next period
is the expected one.

The following figures show some examples of the counter behavior for different clock frequencies
when TIMx_ARR=0x36.
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Fig 15.3-9 Counter timing diagram, internal clock divided by 1
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Fig 15.3-10 Counter timing diagram, internal clock divided by 2
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Fig 15.3-11 Counter timing diagram, internal clock divided by 4
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Fig 15.3-12 Counter timing diagram, internal clock divided by N

CK_INT
jijs L AL
Timerclock = CK_CNT —| |_|
Counter register 20 1F 00 36

Counter overflow

Update event (UEV)

Update interrupt flag (UIF)

Va0

{2 megawin Doc ID 2157012 Rev 2.4 279/639

make you win



15 General-purpose timers (TIM2 to TIM5) MG32F157xx Reference Manual

Fig 15.3-13 Counter timing diagram, Update event
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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 TIMx_ARR
register) -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’00". The Output
compare interrupt flag of channels configured in output is set when: the counter counts down (Center
aligned mode 1, CMS ="01"), the counter counts up (Center aligned mode 2, CMS ="10") the counter
counts up and down (Center aligned mode 3, CMS ="11").

In this mode, the direction bit (DIR from TIMx_CR1 register) cannot be written. It is updated by hard-
ware 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 from 0, as well as the counter
of the prescaler.

The UEV update event can be disabled by software by 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 the UDIS bit has been written to 0. However, the counter continues counting
up and down, based on the current auto-reload value.
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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 generating both update and capture interrupt 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):

* The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC register).

+ 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).

The following figures show some examples of the counter behavior for different clock frequencies.

Fig 15.3-14 Counter timing diagram, internal clock divided by 1, TIMx_ARR=0x6
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Fig 15.3-15 Counter timing diagram, internal clock divided by 2
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Fig 15.3-16 Counter timing diagram, internal clock divided by 4, TIMx_ARR=0x36
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Fig 15.3-17 Counter timing diagram, internal clock divided by N
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Fig 15.3-18 Counter timing diagram, Update event with ARPE=1 (counter underflow)
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Fig 15.3-19 Counter timing diagram, Update event with ARPE=1 (counter overflow)
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15.3.3 Clock selection

The counter clock can be provided by the following clock sources:

* Internal clock (CK_INT)

+ External clock mode1: external input pin (TIx)

+ External clock mode2: external trigger input (ETR).

+ Internaltrigger inputs (ITRx): using one timer as prescaler for another timer, for example, Timer1
can be configured to act as a prescaler for Timer 2. Refer to section 15.3.15 for more details.

Internal clock source (CK_INT)

If the slave mode controller is disabled (SMS=000 in the TIMx_SMCR register), then the CEN, DIR (in the
TIMx_CR1 register) and UG bits (in the TIMx_EGR register) are actual control bits and can be changed
only by software (except UG which remains cleared automatically). As soon as the CEN bit is written
to 1, the prescaler is clocked by the internal clock CK_INT.
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Fig 15.3-20 Control circuit in normal mode, internal clock divided by 1
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