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RMO0365 Overview of the manual
1 Overview of the manual
Table 1. Available features related to each product

Peripherals STM32F302xB/C STM32F302xD/E STM32F302x6/8
fj;ggf (,%'CRCstet and clock Available Available Available
ﬁg(;ﬁ;’é’;g)c;e”er al-purpose Up to 87 Up to 115 Up to 52
s e | o
f(frf\t/’ggez (’:Zacl‘)’g'to'dig’ta' ADC18&2 ADC18&2 ADC1
fgg“;’;’,’;f(b‘z\’g;‘j'"t"'a”"""’g DAC1 Ch.1 DACA Ch.1 DACA Ch.1
fgg};’g)ﬁ’ Comparator Comp 1,2,486 Comp 1,2,486 Comp 2,486
:;(g;?ﬂ';:(% gf\) A%g)tional Opamp1&2 Opamp1&2 Opamp2
ffﬁf;ﬁf}elirg’c“fh sensing Up to 24 Up to 24 Up to 17
g;c;t;cn(r;_ /i/(’)1 ;\dvanced—contro/ TIMA TIMA TIMA
f;‘:;g'}flbgﬁfl\%%ﬁ\;’g‘)’ose TIM2,384 TIM2,384 TIM2
f;‘;t;g'}f/z 16,5%‘7\;‘;/6‘/’;’;\‘;‘3377 TIM15,16817 TIM15,16&17 TIM15,16&17
\(Sﬁi/tliao)n 23: Basic timers TIM6 TIM6 TIM6
2;?;,‘\’/’1; 24: Infrared interface Available Available Available
igféfgé?,%g‘g’f”dem Available Available Available
fv‘;fé’/fgof(vﬁﬁéeg} window Available Available Available
fls;g’” 27: Real-time clock Available Available Available
gfcca‘:’;/;g) ’,’r’);‘::fg’ctzgr ated 12C1 and 12C2 12C1, 12C2 and 12C3 12C1, 12C2 and 12C3
Section 29: Universal
(USART/UART)
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Table 1. Available features related to each product (continued)

Peripherals

STM32F302xB/C

STM32F302xD/E

STM32F302x6/8

Section 30: Serial peripheral
interface / integrated interchip
sound (SPI/I2S)

SPI1, SPI2, SPI3

SPI1, SPI2, SPI3, SP14

SPI2, SPI3 with 12S

Section 31: Controller area
network (bxCAN)

Available

Available

Available

Section 32: Universal serial
bus full-speed device
interface (USB)

Available

Available

Available
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2 Documentation conventions

21 General information

The STM32F302xx devices have an Arm®@ Cortex-M4®F core.

arm

2.2 List of abbreviations for registers

The following abbreviations®) are used in register descriptions:

read/write (rw)
read-only (r)
write-only (w)

read/clear writeO (rc_wO0)

read/clear write1 (rc_w1)

read/clear write (rc_w)

read/clear by read (rc_r)

read/set by read (rs_r)

read/set (rs)

read/write once (rwo)

toggle (t)

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

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

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

Software can read as well as clear this bit by writing to the register. The
value written to this bit is not important.

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

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

Software can read as well as set this bit. Writing 0 has no effect on the bit
value.

Software can only write once to this bit and can also read it at any time.
Only a reset can return the bit to its reset value.

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

read-only write trigger (rt_w1) Software can read this bit. Writing 1 triggers an event but has no effect on

Reserved (Res.)

the bit value.

Reserved bit, must be kept at reset value.

a. Armis a registered trademark of Arm Limited (or its subsidiaries) in the US and/or elsewhere.

b. This is an exhaustive list of all abbreviations applicable to STMicroelectronics microcontrollers, some of
them may not be used in the current document.
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2.3

24
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Glossary

This section gives a brief definition of acronyms and abbreviations used in this document:

Word: data of 32-bit length.
Half-word: data of 16-bit length.
Byte: data of 8-bit length.

IAP (in-application programming): IAP is the ability to re-program the Flash memory
of a microcontroller while the user program is running.

ICP (in-circuit programming): ICP is the ability to program the Flash memory of a
microcontroller using the JTAG protocol, the SWD protocol or the bootloader while the
device is mounted on the user application board.

Option bytes: product configuration bits stored in the Flash memory.
OBL: option byte loader.
AHB: advanced high-performance bus.

Availability of peripherals

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

3
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3 System and memory overview

3.1 System architecture

The STM32F302xB/C/D/E main system consists of:
e Five masters:
- Cortex®-M4 core I-bus
- Cortex®-M4 core D-bus
- Cortex®-M4 core S-bus
— GP-DMA1 and GP-DMAZ2 (general-purpose DMA)
e Six (seven in STM32F302xD/E) slaves:
— Internal Flash memory on the DCode
— Internal Flash memory on ICode
—  Up tointernal 40-Kbyte SRAM
— FMC in STM32F302xD/E
— AHB to APBx (APB1 or APB2), which connect all the APB peripherals
—  AHB dedicated to GPIO ports
— ADCs 1, 2.

The STM32F302x6/8 main system consists of:
e  Four masters:
- Cortex®-M4 core I-bus
- Cortex®-M4 core D-bus
-  Cortex®-M4 core S-bus
— DMA1 (general-purpose DMA)
e Six slaves:
— Internal Flash memory on the DCode
— Internal Flash memory on ICode
—  Up to 16-Kbyte internal SRAM
— AHB to APBx (APB1 or APB2), which connect all the APB peripherals
—  AHB dedicated to GPIO ports
- ADC1

The interconnection uses a multilayer AHB bus architecture as shown in figures 7 to 3.

3
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Figure 1. STM32F302xB/C system architecture
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Figure 2. STM32F302x6/8 system architecture
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System and memory overview

Figure 3. STM32F302xD/E system architecture
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3.11 SO0: I-bus
This bus connects the Instruction bus of the Cortex®-M4 core to the BusMatrix. This bus is
used by the core to fetch instructions. The targets of this bus are the internal Flash memory
and the SRAM.
3.1.2 S1: D-bus
This bus connects the DCode bus (literal load and debug access) of the Cortex®-M4 core to
the BusMatrix. The targets of this bus are the internal Flash memory and the SRAM.
31.3 S2: S-bus
This bus connects the system bus of the Cortex®-M4 core to the BusMatrix. This bus is
used to access data located in the peripheral or SRAM area. The targets of this bus are the
SRAM, the AHB to APB1/APB2 bridges, the AHB 10 port and the 2 ADCs.
3.1.4 S3, S4: DMA-bus

3

This bus connects the AHB master interface of the DMA to the BusMatrix which manages
the access of different Masters to Flash, SRAM and peripherals.
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BusMatrix

The BusMatrix manages the access arbitration between Masters. The arbitration uses a
Round Robin algorithm. The BusMatrix is composed of five masters (CPU AHB, System
bus, DCode bus, ICode bus, DMA1/2 bus) and seven slaves (FLITF, SRAM, AHB2GPIO
and AHB2APB1/2 bridges, and ADCs).

AHB/APB bridges

The two AHB/APB bridges provide full synchronous connections between the AHB and the
two APB buses. APB1 is limited to 36 MHz, APB2 operates at full speed (72 MHz).

Refer to Section 2.2.2: Memory map and register boundary addresses on page 48 for the
address mapping of the peripherals connected to this bridge.

After each device reset, all peripheral clocks are disabled (except for the SRAM and FLITF).
Before using a peripheral user has to enable its clock in the RCC_AHBENR,
RCC_APB2ENR or RCC_APB1ENR register.

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.

3
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3.2 Memory organization

3.21 Introduction

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 eight main blocks, of 512 Mbytes each.

RMO0365 Rev 8 51/1086

3




RMO0365

3.2.2 Memory map and register boundary addresses

Refer to the device datasheet for a comprehensive diagram of the memory map.

The following table gives the boundary addresses of the peripherals available in the
devices.

Table 2. STM32F302xB/C peripheral register boundary addresses(!)

Size . . .
Bus Boundary address (bytes) Peripheral Peripheral register map
AHB3 | 0x5000 0000 - 0x5000 03FF 1K |ADC1-ADC2 Section 15.7 on page 393

- 0x4800 1800 - Ox4FFF FFFF | ~132 M | Reserved -
0x4800 1400 - 0x4800 17FF 1K | GPIOF
0x4800 1000 - 0x4800 13FF 1K |GPIOE
0x4800 0CO00 - 0x4800 OFFF 1K |GPIOD
AHB2 Section 10.4.12 on page 173
0x4800 0800 - 0x4800 OBFF 1K |GPIOC
0x4800 0400 - 0x4800 O7FF 1K |GPIOB
0x4800 0000 - 0x4800 03FF 1K |GPIOA

- 0x4002 4400 - Ox47FF FFFF | ~128 M | Reserved

0x4002 4000 - 0x4002 43FF 1K |TSC Section 19.6.11 on page 457

0x4002 3400 - 0x4002 3FFF 3K |Reserved -

0x4002 3000 - 0x4002 33FF 1K |CRC Section 6.4.6 on page 91

0x4002 2400 - 0x4002 2FFF 3K |[Reserved -

0x4002 2000 - 0x4002 23FF 1 K | Flash interface Section 4.6 on page 80
AHB1 0x4002 1400 - 0x4002 1FFF 3K |Reserved -

0x4002 1000 - 0x4002 13FF 1K |RCC Section 9.4.14 on page 155

0x4002 0800 - 0x4002 OFFF 2K |Reserved -
0x4002 0400 - 0x4002 07FF 1K |DMA2
0x4002 0000 - 0x4002 03FF 1K |DMA1
- 0x4001 8000 - 0x4001 FFFF 32 K |Reserved -

Section 12.6.7 on page 208

3
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Table 2. STM32F302xB/C peripheral register boundary addresses(!) (continued)

Size

(bytes) Peripheral Peripheral register map

Bus Boundary address

0x4001 4C00 - 0x4001 7FFF 13K |Reserved -
0x4001 4800 - 0x4001 4BFF 1K |TIM17
0x4001 4400 - 0x4001 47FF 1K |TIM16

Section 22.6.18 on page 701

0x4001 4000 - 0x4001 43FF 1K | TIM15 Section 22.5.19 on page 681

0x4001 3C00 - 0x4001 3FFF 1K |Reserved -

0x4001 3800 - 0x4001 3BFF 1K |USART1 Section 25.7.12 on page 708
APB2 |0x4001 3400 - 0x4001 37FF 1K |Reserved -

0x4001 3000 - 0x4001 33FF 1K |SPH Section 30.9.10 on page 967

0x4001 2C00 - 0x4001 2FFF 1K | TIM1 Section 20.4.27 on page 551

0x4001 0800 - 0x4001 2BFF 8 K |Reserved -

0x4001 0400 - 0x4001 O7FF 1K |EXTI Section 13.3.13 on page 229

Section 11.1.7 on page 184,
0x4001 0000 - 0x4001 O3FF 1K | SYSCFG + COMP + OPAMP | Section 17.5.5 on page 425,
Section 18.4.3 on page 439

- 0x4000 9CO00 - 0x4000 FFFF 25K |Reserved -

3
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Table 2. STM32F302xB/C peripheral register boundary addresses(!) (continued)

Size

Bus Boundary address (bytes) Peripheral Peripheral register map
0x4000 7800 - 0x4000 9BFF 9K |[Reserved -
0x4000 7400 - 0x4000 77FF 1K |DAC1 Section 16.9.8 on page 410
0x4000 7000 - 0x4000 73FF 1K |PWR Section 8.4.3 on page 115
0x4000 6C00 - 0x4000 6FFF 1K |Reserved -
0x4000 6800 - 0x4000 6BFF 1K |Reserved -
0x4000 6400 - 0x4000 67FF 1K |bxCAN Section 31.9.5 on page 1006
0x4000 6000 - 0x4000 63FF 1K |USB SRAM
Section 32.6.3 on page 1041
0x4000 5C00 - 0x4000 5FFF 1K |USB device FS
0x4000 5800 - 0x4000 5BFF 1K |12C2
0x4000 5400 - 0x4000 57FF | 1K [12C1 Section 26.7.12 on page 642
0x4000 5000 - 0x4000 53FF 1K |UART5
0x4000 4C00 - 0x4000 4FFF 1K |UART4
APB1 Section 25.7.12 on page 708
0x4000 4800 - 0x4000 4BFF 1K |USART3
0x4000 4400 - 0x4000 47FF 1K |USART2
0x4000 3400 - 0x4000 43FF 4K |Reserved -
0x4000 3000 - 0x4000 33FF 1K |IWDG Section 26.4.6 on page 731
0x4000 2C00 - 0x4000 2FFF 1K |WWDG Section 25.5.4 on page 721
0x4000 2800 - 0x4000 2BFF 1K |RTC Section 27.6.20 on page 773
0x4000 1400 - 0x4000 27FF 5K |Reserved -
0x4000 1000 - 0x4000 13FF 1K |TIM6 Section 23.4.9 on page 715
0x4000 0CO0O0 - 0x4000 OFFF 1K |Reserved -
0x4000 0800 - 0x4000 OBFF 1K | TIM4
0x4000 0400 - 0x4000 O7FF 1K |TIM3 Section 21.4.22 on page 622
0x4000 0000 - 0x4000 03FF 1K | TIM2
- 0x2000 A000 - 3FFF FFFF ~512 M | Reserved -
- 0x2000 0000 - 0x2000 9FFF 40K |SRAM -
- 0x1FFF F800 - 0x1FFF FFFF 2K | Option bytes -
- O0x1FFF D800 - Ox1FFF F7FF 8 K | System memory -
- 0x0804 0000 - Ox1FFF D7FF | ~384 M | Reserved -
- 0x0800 0000 - 0x0803 FFFF | 256 K | Main Flash memory -
- 0x0004 0000 - 0x07FF FFFF | ~128 M | Reserved -
Main Flash memory, system
- 0x0000 000 - 0x0003 FFFF 256 K | memory or SRAM depending -

on BOOT configuration

1. The gray color is used for reserved Flash memory addresses.
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Table 3. STM32F302xD/E peripheral register boundary addresses(!

Size

Bus Boundary address (bytes)

Peripheral Peripheral register map

0xA000 0000 - 0XxA000 OFFF 4K FMC control registers

AHB4 | 0x8000 0000 - Ox9FFF FFFF | 512 M |FMC Banks 3 and 4 Section 14 on page 231
0x6000 0000 - Ox7FFF FFFF | 512 M |FMC Banks 1 and 2
AHB3 | 0x5000 0000 - 0x5000 03FF 1K |ADC1-ADC2 Section 15.7 on page 393

- 0x4800 2000 - Ox4FFF FFFF | ~132 M | Reserved -
0x4800 1C00 - 0x4800 1FFF | 1K |GPIOH
0x4800 1800 - 0x4800 1BFF | 1K |GPIOG
0x4800 1400 - 0x4800 17FF | 1K |GPIOF
0x4800 1000 - 0x4800 13FF | 1K |GPIOE
ARB2 0x4800 0CO0 - 0x4800 OFFF | 1K |GPIOD Section 104.12 on page 173
0x4800 0800 - 0x4800 OBFF | 1K [GPIOC
0x4800 0400 - 0x4800 07FF | 1K |GPIOB
0x4800 0000 - 0x4800 03FF | 1K |GPIOA

- 0x4002 4400 - Ox47FF FFFF | ~128 M | Reserved

0x4002 4000 - 0x4002 43FF 1K |TSC Section 19.6.11 on page 457

0x4002 3400 - 0x4002 3FFF 3K |Reserved -

0x4002 3000 - 0x4002 33FF 1K |CRC Section 6.4.6 on page 91

0x4002 2400 - 0x4002 2FFF 3K |Reserved -

0x4002 2000 - 0x4002 23FF 1K |Flash interface Section 4.6 on page 80
AHB1 0x4002 1400 - 0x4002 1FFF 3K |Reserved -

0x4002 1000 - 0x4002 13FF 1K |RCC Section 9.4.14 on page 155

0x4002 0800 - 0x4002 OFFF 2K |Reserved -
0x4002 0400 - 0x4002 07FF 1K |DMA2
0x4002 0000 - 0x4002 03FF 1K |DMA1
- 0x4001 8000 - 0x4001 FFFF 32 K |Reserved -

Section 12.6.7 on page 208
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Table 3. STM32F302xD/E peripheral register boundary addresses(!) (continued)

Size

(bytes) Peripheral Peripheral register map

Bus Boundary address

0x4001 4C00 - 0x4001 7FFF | 13K |Reserved -
0x4001 4800 - 0x4001 4BFF 1K [TIM17
0x4001 4400 - 0x4001 47FF 1K |TIM16

Section 22.6.18 on page 701

0x4001 4000 - 0x4001 43FF 1K |TIM15 Section 22.5.19 on page 681

0x4001 3C00 - 0x4001 3FFF 1K |SPl4 Section 30.9.10 on page 967

0x4001 3800 - 0x4001 3BFF 1K |USART1 Section 25.7.12 on page 708
APB2 |0x4001 3400 - 0x4001 37FF 1K |Reserved -

0x4001 3000 - 0x4001 33FF 1K |[SPH Section 30.9.10 on page 967

0x4001 2C00 - 0x4001 2FFF 1K | TIM1 Section 20.4.27 on page 551

0x4001 0800 - 0x4001 2BFF 8 K |Reserved -

0x4001 0400 - 0x4001 O7FF 1K |EXTI Section 13.3.13 on page 229

Section 11.1.7 on page 184,
0x4001 0000 - 0x4001 O3FF 1K | SYSCFG + COMP + OPAMP | Section 17.5.5 on page 425,
Section 18.4.3 on page 439

- 0x4000 9CO00 - 0x4000 FFFF 25K |Reserved -

3
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Table 3. STM32F302xD/E peripheral register boundary addresses(!) (continued)

Size

Bus Boundary address (bytes)

Peripheral Peripheral register map

0x4000 7800 - 0x4000 9BFF 9K |Reserved -

0x4000 7400 - 0x4000 77FF 1K |DAC1 Section 16.9.8 on page 410

0x4000 7000 - 0x4000 73FF 1K |PWR Section 8.4.3 on page 115

0x4000 6C00 - 0x4000 6FFF 1K |Reserved -

0x4000 6800 - 0x4000 6BFF 1K Reserved -
0x4000 6400 - 0x4000 67FF 1K |bxCAN Section 31.9.5 on page 1006

0x4000 6000 - 0x4000 63FF 1K |USB/CAN SRAM
0x4000 5C00 - 0x4000 5FFF 1K |USB device FS

Section 32.6.3 on page 1041

0x4000 5800 - 0x4000 5BFF 1K |12C2
0x4000 5400 - 0x4000 57FF 1K |12C1

Section 28.7.12 on page 842

0x4000 5000 - 0x4000 53FF 1K |UART5
0x4000 4CO00 - 0x4000 4FFF 1K |UART4
APB1 Section 25.7.12 on page 708
0x4000 4800 - 0x4000 4BFF 1K |USART3

0x4000 4400 - 0x4000 47FF 1K |USART2

0x4000 3400 - 0x4000 43FF 4K Reserved -

0x4000 3000 - 0x4000 33FF 1K |IWDG Section 26.4.6 on page 731
0x4000 2C00 - 0x4000 2FFF 1K |WWDG Section 25.5.4 on page 721
0x4000 2800 - 0x4000 2BFF 1K |RTC Section 27.6.20 on page 773
0x4000 1400 - 0x4000 27FF 5K |Reserved -

0x4000 1000 - 0x4000 13FF 1K |TIM6 Section 23.4.9 on page 715

0x4000 0CO00 - 0x4000 OFFF 1K Reserved -

0x4000 0800 - 0x4000 OBFF 1K |[TIM4
0x4000 0400 - 0x4000 O7FF 1K |TIM3 Section 21.4.22 on page 622
0x4000 0000 - 0x4000 03FF 1K | TIM2
- 0x2000 A00O - 3FFF FFFF ~512 M | Reserved -

- 0x2000 0000 - 0x2000 FFFF 64 K | SRAM -

- Ox1FFF F800 - Ox1FFF FFFF| 2K |Option bytes -

- Ox1FFF D800 - Ox1FFF F7FF| 8K |System memory -

- 0x0804 0000 - Ox1FFF D7FF | ~384 M | Reserved -
- 0x0800 0000 - 0x0807 FFFF | 512 K | Main Flash memory -
- 0x0004 0000 - OxO7FF FFFF | ~128 M | Reserved -

Main Flash memory, system
- 0x0000 000 - 0x0007 FFFF 512 K | memory or SRAM depending -
on BOOT configuration

1. The gray color is used for reserved Flash memory addresses.
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Table 4. STM32F302x6/x8 peripheral register boundary addresses(!)

Bus Boundary address (bsyitzees) Peripheral Peripheral register map

AHB3 | 0x5000 0000 - 0x5000 03FF 1K |ADC1 Section 15.7 on page 393

- 0x4800 1800 - Ox4FFF FFFF | ~132 M | Reserved -
0x4800 1400 - 0x4800 17FF 1K |GPIOF Section 10.4.12 on page 173
0x4800 1000 - 0x4800 13FF 1K |Reserved -
0x4800 0C00 - 0x4800 OFFF 1K |GPIOD

AHB2 0x4800 0800 - 0x4800 OBFF 1K |GPIOC
0x4800 0400 - 0x4800 07FF | 1K |GPIOB Section 104.12 on page 173
0x4800 0000 - 0x4800 03FF 1K |GPIOA

- 0x4002 4400 - Ox47FF FFFF | ~128 M | Reserved
0x4002 4000 - 0x4002 43FF 1K |TSC Section 19.6.11 on page 457
0x4002 3400 - 0x4002 3FFF 3K Reserved -
0x4002 3000 - 0x4002 33FF 1K CRC Section 6.4.6 on page 91
0x4002 2400 - 0x4002 2FFF 3K Reserved -

AHB1 | 0x4002 2000 - 0x4002 23FF 1K Flash interface Section 4.6 on page 80
0x4002 1400 - 0x4002 1FFF 3K |Reserved -
0x4002 1000 - 0x4002 13FF 1K RCC Section 9.4.14 on page 155
0x4002 0400 - 0x4002 OFFF 3K Reserved -
0x4002 0000 - 0x4002 03FF 1K |DMA1 Section 12.6.7 on page 208

- 0x4001 8000 - 0x4001 FFFF 32K |[Reserved -
0x4001 4C00 - 0x4001 7FFF 13K |Reserved -
0x4001 4800 - 0x4001 4BFF 1K |TIM17
Section 22.6.18 on page 701
0x4001 4400 - 0x4001 47FF 1K |TIM16
0x4001 4000 - 0x4001 43FF 1K |TIM15 Section 22.5.19 on page 681
0x4001 3C00 - 0x4001 3FFF 1K |Reserved -

APB2 |0x4001 3800 - 0x4001 3BFF 1K |USART1 Section 25.7.12 on page 708
0x4001 2C00 - 0x4001 2FFF 1K TIM1 Section 20.4.27 on page 551
0x4001 0800 - 0x4001 2BFF 8 K |Reserved -
0x4001 0400 - 0x4001 O7FF 1K |EXTI Section 13.3.13 on page 229

Section 11.1.7 on page 184,
0x4001 0000 - 0x4001 03FF 1K |SYSCFG + COMP + OPAMP | Section 17.5.5 on page 425,
Section 18.4.3 on page 439
- 0x4000 9C00 - 0x4000 FFFF | 25K |Reserved -
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Table 4. STM32F302x6/x8 peripheral register boundary addresses(!) (continued)

Size

Bus Boundary address (bytes)

Peripheral Peripheral register map

0x4000 7C00 - 0x4000 9BFF 8 K |Reserved -

0x4000 7800 - 0x4000 7BFF 1K [12C3 Section 28.7.12 on page 842
0x4000 7400 - 0x4000 77FF 1K |DAC1 Section 16.9.8 on page 410
0x4000 7000 - 0x4000 73FF 1K |PWR Section 8.4.3 on page 115
0x4000 6800 - 0x4000 6FFF 2K Reserved -

0x4000 6400 - 0x4000 67FF 1K |bxCAN Section 31.9.5 on page 1006

0x4000 6000 - 0x4000 63FF | 1K |USB/CAN SRAM
0x4000 5C00 - 0x4000 5FFF | 1K | USB device FS
0x4000 5800 - 0x4000 5BFF | 1K |12C2

0x4000 5400 - 0x4000 57FF | 1K |12C1

0x4000 4C00 - 0x4000 53FF 2K Reserved -
0x4000 4800 - 0x4000 4BFF | 1K |USART3
APBT 0x4000 4400 - 0x4000 47FF | 1K |USART2 Section 25.7.12 on page 708
0x4000 4000 - 0x4000 43FF | 1K |12S3ext
0x4000 3C00 - 0x4000 3FFF | 1K |SPI3/12S3
0x4000 3800 - 0x4000 3BFF | 1K |SPI2/12S2

0x4000 3400 - 0x4000 37FF 1K 12S2ext

Section 32.6.3 on page 1041

Section 28.7.12 on page 842

Section 30.9.10 on page 967

0x4000 3000 - 0x4000 33FF 1K |IWDG Section 26.4.6 on page 731
0x4000 2C00 - 0x4000 2FFF 1K |WWDG Section 25.5.4 on page 721
0x4000 2800 - 0x4000 2BFF 1K RTC Section 27.6.20 on page 773
0x4000 1400 - 0x4000 27FF 5K Reserved -

0x4000 1000 - 0x4000 13FF 1K |TIM6 Section 23.4.9 on page 715
0x4000 0400 - 0x4000 OFFF 3K Reserved -

0x4000 0000 - 0x4000 03FF 1K |TIM2 Section 21.4.22 on page 622

- 0x2000 4000 - 3FFF FFFF ~512 M |Reserved -
- 0x2000 0000 - 0x2000 3FFF 16 K |SRAM -
- Ox1FFF F800 - Ox1FFF FFFF| 2K |Option bytes -
- 0x1FFF D800 - Ox1FFF F7FF 8K System memory -
- 0x0801 0000 - Ox1FFF D7FF | ~384 M | Reserved -
- 0x0800 0000 - 0x0800 FFFF 64 K | Main Flash memory -
- 0x0001 0000 - 0x07FF FFFF | ~128 M | Reserved -

Main Flash memory, system
- 0x0000 000 - 0x0000 FFFF 64 K | memory or SRAM depending -
on BOOT configuration

1. The gray color is used for reserved Flash memory addresses.
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Embedded SRAM

STM32F302xB/C devices feature up to 40 Kbytes of static SRAM. It can be accessed as
bytes, halfwords (16 bits) or full words (32 bits). It can be addressed at maximum system
clock frequency without wait states and can be accessed by both CPU and DMA.

STM32F302x6/8 devices feature only up to 16 Kbytes of static SRAM.
STM32F302xD/E devices feature up to 64 Kbytes of static SRAM.

Parity check

On the STM32F302xD/E devices, for the 40-Kbyte SRAM, a parity check is implemented
only on the first 16 Kbytes.

On the STM32F302xD/E devices, the parity check is implemented on the first 32 Kbytes of
SRAM. On the STM32F302x6/x8 the SRAM parity check is not supported.The SRAM parity
check is disabled by default. It is enabled by the user, when needed, using an option bit.

The data bus width of the SRAM supporting the parity check is 36 bits because 4 bits are
available for parity check (1 bit per byte) in order to increase memory robustness, as
required for instance by Class B or SIL norms.

The parity bits are computed on data and address and stored when writing into the SRAM.
Then, they are automatically checked when reading. If one bit fails, an NMI is generated if
the SRAM parity check is enabled. The same error can also be linked to the Break input of
TIMER 1, 8, 15, 16 and 17, by setting the SRAM_PARITY_LOCK control bit in the SYSCFG
configuration register 2 (SYSCFG_CFGR?2). In case of parity error, the SRAM Parity Error
flag (SRAM_PEF) is set in SYSCFG_CFGR2. For more details, refer to SYSCFG_CFGR2.

The BYP_ADD_PAR bit in SYSCFG_CFGR2 can be used to prevent an unwanted parity
error to occur when the user programs a code in the RAM at address Ox2XXXXXXX
(address in the address range 0x20000000-0x20002000) and then executes the code from
RAM at boot (RAM is remapped at address 0x00).

Flash memory overview

The Flash memory is composed of two distinct physical areas:

e  The main Flash memory block. It contains the application program and user data if
necessary.

e The information block. It is composed of two parts:
—  Option bytes for hardware and memory protection user configuration

—  System memory which contains the proprietary boot loader code. Refer to
Section 4: Embedded Flash memory for more details.

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. It also
implements the logic necessary to carry out the Flash memory operations (Program/Erase)
controlled through the Flash registers.

3

RMO0365 Rev 8




RMO0365

3.5

3.5.1

3

Boot configuration

In the STM32F302xx, three different boot modes can be selected through the BOOTO pin
and nBOOT1 bit in the user option byte, as shown in the following table:

Table 5. Boot modes

Boot mode selection Boot mode Aliasing
nBOOT1 BOOTO - -
X 0 Main Flash memory |Main Flash memory selected as boot area
1 1 System memory System memory selected as boot area
: | |enosases s | S S o e Doseins

The values on both BOOTO pin and nBOOT1 bit are latched on the 4th rising edge of
SYSCLK after a reset.

It is up to the user to set the nBOOT1 and BOOTO to select the required boot mode. The
BOOTO pin and nBOOT1 bit are also resampled 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 at 0x0000 0004. 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.

e Boot from system memory: the system memory is aliased in the boot memory space
(0x0000 0000), but still accessible from its original memory space (Ox1FFF D800).

e  Boot from the embedded SRAM: the SRAM is aliased in the boot memory space
(0x0000 0000), but it is still accessible from its original memory space (0x2000 0000).

Embedded boot loader

The embedded boot loader is located in the system memory, programmed by ST during
production. It is used to reprogram the Flash memory through the following peripherals:

e USART1(PA9/PA10), USART2(PD5/PD6) or USB(PA11/PA12) on STM32F302xB/C
devices

e USART1(PA9/PA10), USART2(PA2/PA3) or USB(PA11/PA12) on STM32F302x6/8 and
STM32F302xD/E devices.
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Embedded Flash memory

Flash main features

Up to 512 Kbytes of Flash memory in STM32F302xD/E, up to 256 Kbytes of Flash memory
in STM32F302xB/C devices and up to 64 Kbytes of Flash memory in STM32F302x6/8
devices.

e  Memory organization:

—  Main memory block:
64 Kbit x 64 bits in STM32F302xD/E, 32 Kbits x 64 bits in STM32F302xB/C
devices.
8 Kbit x 64 bits in STM32F302x6/8 devices.

—  Information block:
1280 x 64 bits

Flash memory interface (FLITF) features:
e Read interface with prefetch buffer (2 x 64-bit words)
e  Option byte loader
e  Flash program/Erase operation
° Read/Write protection
e low-power mode

Flash memory functional description

Flash memory organization

The Flash memory is organized as 64-bit wide memory cells that can be used for storing
both code and data constants.

The memory organization is based on a main memory block containing 128 pages of
2 Kbytes in STM32F302xB/C devices, 256 pages of 2 Kbytes in STM32F302xD/E devices,
32 pages of 2 Kbytes in the STM32F302x6/8. and an information block as shown in Table 6.

3
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Table 6. Flash module organization(")

Flash area Flash memory addresses (bs;tz:s) Name
0x0800 0000 - 0x0800 07FF 2K Page 0
0x0800 0800 - 0x0800 OFFF 2K Page 1
0x0800 1000 - 0x0800 17FF 2K Page 2
0x0800 1800 - 0x0800 1FFF 2K Page 3
Main memory

0x0803 F800 - 0x0807 FFFF 2K Page 255

Information block Ox1FFF D800 - Ox1FFF F7FF 8K System memory
Ox1FFF F800 - 0x1FFF F80F 16 Option bytes
0x4002 2000 - 0x4002 2003 4 FLASH_ACR
0x4002 2004 - 0x4002 2007 4 FLASH_KEYR
0x4002 2008 - 0x4002 200B 4 FLASH_OPTKEYR
0x4002 200C - 0x4002 200F 4 FLASH_SR

ingffzrc‘emrz’;ggrs 0x4002 2010 - 0x4002 2013 4 FLASH_CR
0x4002 2014 - 0x4002 2017 4 FLASH_AR
0x4002 2018 - 0x4002 201B 4 Reserved
0x4002 201C - 0x4002 201F 4 FLASH_OBR
0x4002 2020 - 0x4002 2023 4 FLASH_WRPR

1. The gray color is used for reserved Flash memory addresses.

The information block is divided into two parts:

e  System memory is used to boot the device in System memory boot mode. The area is
reserved for use by STMicroelectronics and contains the boot loader which is used to
reprogram the Flash memory through one of the following interfaces: USART1,
USART2 or USB (DFU). It is programmed by ST when the device is manufactured, and
protected against spurious write/erase operations. For further details, please refer to
the AN2606 available from www.st.com.

e  Option bytes

Read operations

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.
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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 ICode bus. The Literal pool is accessed over the DCode bus. Since these two buses
have the same Flash memory as target, DCode bus accesses have priority over prefetch
accesses.

Read accesses can be performed with the following options managed through the Flash
access control register (FLASH_ACR):

e Instruction fetch: Prefetch buffer enabled for a faster CPU execution.
e Latency: number of wait states for a correct read operation (from 0 to 2)

Instruction fetch

The Cortex®-M4 fetches the instruction over the ICode bus and the literal pool
(constant/data) over the DCode bus. The prefetch block aims at increasing the efficiency of
ICode 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 is in 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 must be switched on/off
only when 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.

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

If there is not any high frequency clock available in the system, Flash memory accesses can
be made on a half cycle of HCLK (AHB clock). This mode can be selected by setting a
control bit in the Flash access control register.

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

Access latency

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 with the LATENCY[2:0] bits. This value gives the number of
cycles needed to maintain the control signals of the Flash memory and correctly read the
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required data. After reset, the value is zero and only one cycle without additional wait states
is required to access the Flash memory.

DCode interface

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

Flash Access controller

Mainly, this block is a simple arbiter between the read requests of the prefetch/ICode and
DCode interfaces.

DCode interface requests have priority over other requests.

Flash program and erase operations

The STM32F302xx embedded Flash memory can be programmed using in-circuit
programming or in-application programming.

The in-circuit programming (ICP) method is used to update the entire contents of the
Flash memory, using the JTAG, SWD protocol or the boot loader to load the user application
into the microcontroller. ICP offers quick and efficient design iterations and eliminates
unnecessary package handling or socketing of devices.

In contrast to the ICP method, in-application programming (IAP) can use any
communication interface supported by the microcontroller (I/Os, USB, CAN, UART, I2C, SP!I,
etc.) to download programming data into memory. IAP allows the user to re-program the
Flash memory while the application is running. Nevertheless, part of the application has to
have been previously programmed in the Flash memory using ICP.

The program and erase operations are managed through the following seven Flash
registers:

e Keyregister (FLASH_KEYR)

e  Option byte key register (FLASH_OPTKEYR)

e  Flash control register (FLASH_CR)

e  Flash status register (FLASH_SR)

e  Flash address register (FLASH_AR)

e  Option byte register (FLASH_OBR)

e  Write protection register (FLASH_WRPR)

An on going Flash memory operation does not block the CPU as long as the CPU does not
access the Flash memory.

On the contrary, during a program/erase operation to the Flash memory, any attempt to read
the Flash memory stalls the bus. The read operation proceeds correctly once the
program/erase operation has completed. This means that code or data fetches cannot be
made while a program/erase operation is ongoing.

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

After reset, the FPEC is protected against unwanted write or erase operations. The
FLASH_CR register is not accessible in write mode, except for the OBL LAUNCH bit, used
to reload the OBL. An unlocking sequence should be written to the FLASH_KEYR register
to open the access to the FLASH_CR register. This sequence consists of two write
operations into FLASH_KEYR register:

1. Write KEY1 = 0x45670123
2.  Write KEY2 = 0xCDEF89AB

Any wrong sequence locks up the FPEC and the FLASH_CR register until the next reset.

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

The FPEC and the FLASH_CR register can be locked again by user software by writing the
LOCK bit in the FLASH_CR register to 1.

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 results
in a bus error generating a Hard Fault interrupt.

3
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Figure 4. Programming procedure

Read FLASH_CR_LOCK

FLASH _CR_LOCK Perform unlock sequency

Write FLASH_CR_PG to 1

4

Perform half-word write at the
desired address

<

FLASH_SR_BSY
=1

Check the programmed value
by reading the programmed
address

ai14307b

The Flash memory interface preliminarily reads the value at the addressed main Flash
memory location and checks that it has been erased. If not, the program operation 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.

3
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The main Flash memory programming sequence in standard mode is as follows:

1.

A

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 until the BSY bit is reset in the FLASH_SR register.

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

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

Flash memory erase

The Flash memory can be erased page by page or completely (mass erase).

Page erase

To erase a page, the procedure below must be followed:

1.

SIS RE NN

7.

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

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 (see below note).
Wait for the BSY bit to be reset.

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

Clear the EOP flag.

The software should start checking if the BSY bit equals ‘0’ at least one CPU cycle after
setting the STRT bit.

3
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Figure 5. Flash memory Page Erase procedure

Read FLASH_CR_LOCK

Yes Perform unlock sequency

FLASH_CR_LOCK

Write FLASH_CR_PER to 1

!

Write into FAR an address
within the page to erase

Y

Write FLASH_CR_STRT to 1

Check EOP flag in
FLASH_SR, and then
clear it by software.

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:

1.

ok wbd

6.

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

Set the MER bit in the FLASH_CR register
Set the STRT bit in the FLASH_CR register (see below note)
Wait for the BSY bit to be reset

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

Clear the EOP flag.

The software must start checking if the BSY bit equals ‘0’ at least one CPU cycle after
setting the STRT bit.
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Figure 6. Flash memory Mass Erase procedure
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Write FLASH_CR_STRT to 1

Check EOP flag in FLASH_SR,
and then clear it by software.

Option byte programming

The option bytes are programmed differently from normal user addresses. The number of
option bytes is limited to 6 (2 for write protection, 1 for readout protection, 1 for hardware
configuration, and 2 for 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 (refer to Unlocking the Flash memory for key values). Then,
the OPTWRE bit in the FLASH_CR register is set by hardware and 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.

The value of the addressed option byte is first read to check it is really erased. If not, 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 LSB value is automatically complemented into the MSB before the programming
operation starts. This guarantees that the option byte and its complement are always
correct.

3
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The sequence is as follows:

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

Unlock the OPTWRE bit in the FLASH_CR register.
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.
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Memory protection

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 two pages.

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.

If the read protection is set while the debugger is still connected through JTAG/SWD, apply
a POR (power-on reset) instead of a system reset.

There are three levels of read protection from no protection (level 0) to maximum protection
or no debug (level 2).

The Flash memory is protected when the RDP option byte and its complement contain the
pair of values shown in Table 7.

Table 7. Flash memory read protection status

RDP byte value RDP complement value Read protection level

Level O (ST production

OxAA 0x55 ) :
configuration)

Any value except Any value (not necessarily

complementary) Level 1
OxAA or 0xCC except 0x55 and 0x33
0xCC 0x33 Level 2

The system memory area is read accessible whatever the protection level. It is never
accessible for program/erase operation

Level 0: no protection

Read, program and erase operations into the main memory Flash area are possible. The
option bytes are also accessible by all operations.

Level 1: Read protection

This is the default protection level when RDP option byte is erased. It is defined as well
when RDP value is at any value different from OxAA and 0xCC, or even if the complement is
not correct.

e User mode: Code executing in user mode can access main memory Flash and option
bytes with all operations.

e Debug, boot RAM and boot loader modes: In debug mode or when code is running
from boot RAM or boot loader, the main Flash memory and the backup registers
(RTC_BKPxR in the RTC) are totally inaccessible. In these modes, even a simple read
access generates a bus error and a Hard Fault interrupt. The main memory is
program/erase protected to prevent malicious or unauthorized users from
reprogramming any of the user code with a dump routine. Any attempted
program/erase operation sets the PGERR flag of Flash status register (FLASH_SR).
When the RDP is reprogrammed to the value OxAA to move back to Level 0, a mass
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erase of main memory Flash is performed and the backup registers (RTC_BKPxR in
the RTC) are reset.

Level 2: No debug

In this level, the protection level 1 is guaranteed. In addition, the Cortex®-M4 debug
capabilities are disabled. Consequently, the debug port, the boot from RAM (boot RAM
mode) and the boot from System memory (boot loader mode) are no more available. In user
execution mode, all operations are allowed on the Main Flash memory. On the contrary, only
read and program operations can be performed on the option bytes.

Option bytes cannot be erased. Moreover, the RDP bytes cannot be programmed. Thus, the
level 2 cannot be removed at all: it is an irreversible operation. When attempting to program
the RDP byte, the protection error flag WRPRTERR is set in the FLASH_SR register and an
interrupt can be generated.

Note: The debug feature is also disabled under reset.

STMicroelectronics is not able to perform analysis on defective parts on which the level 2
protection has been set.
Table 8. Access status versus protection level and execution modes
Protecti User execution Debug ootFromRam/ BootFromLoader
Area rotection
level Read Write Erase Read Write Erase
Main Flash 1 Yes Yes Yes No No No®
memory 2 Yes Yes Yes N/AM N/A(M N/A(M
System 1 Yes No No Yes No No
memory® 2 Yes No No NA(M N/A(M N/A(M
Obtion byt 1 Yes Yes®) Yes Yes Yes®) Yes
ption bytes
2 Yes Yes® No N/AM N/A(M N/A(M
Backup 1 Yes Yes N/A No No No®
registers 2 Yes Yes N/A N/A() N/A() N/A(

1. When the protection level 2 is active, the Debug port, the boot from RAM and the boot from system memory
are disabled.

2. The system memory is only read-accessible, whatever the protection level (0, 1 or 2) and execution mode.

The main Flash memory is erased when the RDP option byte is programmed with all level protections

disabled (0xAA).
4. All option bytes can be programmed, except the RDP byte.

5. The backup registers are erased only when RDP changes from level 1 to level 0.

3

Changing read protection level

It is easy to move from level 0 to level 1 by changing the value of the RDP byte to any value
(except OxCC). By programming the OxCC value in the RDP byte, it is possible to go to
level 2 either directly from level 0 or from level 1. On the contrary, the change to level 0 (no
protection) is not possible without a main Flash memory Mass Erase operation. This Mass
Erase is generated as soon as 0xAA is programmed in the RDP byte.
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Note:

4.3.2

43.3

44
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When the Mass Erase command is used, the backup registers (RTC_BKPxR in the RTC)
are also reset.

To validate the protection level change, the option bytes must be reloaded through the
OBL_LAUNCH bit in Flash control register.

Write protection

The write protection is implemented with a granularity of 2 pages. It is activated by
configuring the WRP[1:0] option bytes, and then by reloading them by setting the
OBL_LAUNCH bit in the FLASH_CR register.

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

Write unprotection

To disable the write protection, two application cases are provided:
e 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 code OxAA in the RDP byte to unprotect the memory. This operation
forces a Mass Erase of the main Flash memory.

—  Set the OBL_LAUNCH bit in the Flash control register (FLASH_CR) to reload the
option bytes (and the new WRP[3:0] bytes), and to disable the write protection.

e Case 2: Read protection maintained active after the write unprotection, useful for in-

application 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).

—  Set the OBL_LAUNCH bit in the Flash control register (FLASH_CR) to reload the
option bytes (and the new WRP[3:0] bytes), and to disable the write protection.

Option byte block write protection

The option bytes are always read-accessible and write-protected by default. To gain write
access (Program/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.

Flash interrupts

Table 9. Flash interrupt request

Interrupt event Event flag Enable control bit
End of operation EOP EOPIE
Write protection error WRPRTERR ERRIE
Programming error PGERR ERRIE

3
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4.5 Flash register description

The Flash memory registers have to be accessed by 32-bit words (half-word and byte
accesses are not allowed).

4.5.1 Flash access control register (FLASH_ACR)

Address offset: 0x00

Reset value: 0x0000 0030
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

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

PRFT | PRFT | HLF
BS | BE | CYA

LATENCY[2:0]

r w 'w w | w | w

Bits 31:6 Reserved, must be kept at reset value.

Bit 5 PRFTBS: Prefetch buffer status
This bit provides the status of the prefetch buffer.
0: Prefetch buffer is disabled
1: Prefetch buffer is enabled

Bit4 PRFTBE: Prefetch buffer enable
0: Prefetch is disabled
1: Prefetch is enabled
Bit 3 HLFCYA: Flash half cycle access enable
0: Half cycle is disabled
1: Half cycle is enabled

Bits 2:0 LATENCY][2:0]: Latency
These bits represent the ratio of the HCLK period to the Flash access time.
000: Zero wait state, if 0 < HCLK < 24 MHz
001: One wait state, if 24 MHz < HCLK < 48 MHz
010: Two wait sates, if 48 < HCLK < 72 MHz

4.5.2 Flash key register (FLASH_KEYR)

Address offset: 0x04
Reset value: 0xXXXX XXXX

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

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

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FKEYR[15:0]
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Bits 31:0 FKEYR: Flash key
These bits represent the keys to unlock the Flash.

4.5.3 Flash option key register (FLASH_OPTKEYR)
Address offset: 0x08
Reset value: OxXXXX XXXX

All the register bits are write-only and return a 0 when read.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
OPTKEYR[31:16]

3
|
|
|
|
|
.|
.|
|
|
|
.|
|
|
|
|

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
OPTKEYR[15:0]

w | w [ w [ w w wl [wl w]w]

2
|
A
|
|
|
|

Bits 31:0 OPTKEYR: Option byte key
These bits represent the keys to unlock the OPTWRE.

4.5.4 Flash status register (FLASH_SR)

Address offset: 0x0C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
WRPRT PG
EOP ERR ERR BSY
w w w r

Bits 31:6 Reserved, must be kept at reset value.

Bit 5 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

Bit 4 WRPRTERR: Write protection error

Set by hardware when programming a write-protected address of the Flash
memory.
Reset by writing 1.

Bit 3 Reserved, must be kept at reset value.

3
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Bit 2 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.

Bit 1 Reserved, must be kept at reset value.

Bit 0 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.

4.5.5 Flash control register (FLASH_CR)

Address offset: 0x10
Reset value: 0x0000 0080

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OBL_L
AUNC | EOPIE ERRIE OPEWR LOCK | STRT |OPTER ?,Fg MER | PER | PG
H
rw rw rw rw rw w rw rw rw rw w

Bits 31:14 Reserved, must be kept at reset value.

Bit 13 OBL_LAUNCH: Force option byte loading
When set to 1, this bit forces the option byte reloading. This operation generates
a system reset.
0: Inactive
1: Active

Bit 12 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

Bit 11 Reserved, must be kept at reset value.

Bit 10 ERRIE: Error interrupt enable
This bit enables the interrupt generation on an error when PGERR /
WRPRTERR are set in the FLASH_SR register.
0: Interrupt generation disabled
1: Interrupt generation enabled

Bit 9 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

Bit 8 Reserved, must be kept at reset value.

3
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Bit 7

Bit 6

Bit 5

Bit 4

Bit 3
Bit 2

Bit 1

Bit 0

LOCK: Lock
Write to 1 only. When it is set, it indicates that the Flash is 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.

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.

OPTER: Option byte erase
Option byte erase chosen.

OPTPG: Option byte programming
Option byte programming chosen.

Reserved, must be kept at reset value.

MER: Mass erase
Erase of all user pages chosen.

PER: Page erase
Page Erase chosen.

PG: Programming
Flash programming chosen.

4.5.6 Flash address register (FLASH_AR)
Address offset: 0x14
Reset value: 0x0000 0000
This register is updated by hardware with the currently/last used address. For Page Erase
operations, this should be updated by software to indicate the chosen page.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
FAR[31:16]

w | w | w | w | w | w | w | w | w | w | w | w | w | w | w | w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
FAR[15:0]

w | w | w | w | w | w | w | w | w | w | w | w | w | w | w | w

Bits 31:0 FAR: Flash Address

78/1086

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.
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4.5.7 Option byte register (FLASH_OBR)

Address offset 0x1C
Reset value: OxXXXX XX0X

It contains the level protection notifications, error during load of option bytes and user
options.

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.

N
w
N
N
N
o
©
©
~
)
3
£
w
N
N
o

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 1"

Data0

RDPRT[1:0]
OPTERR

Data1
SRAM_PE
nBOOT1
nRST_STDBY
nRST_STOP
WDG_SW

-~ | VDDA_MONITOR

_‘
-
-
-
-
=
=

r‘r‘r‘r‘r‘r‘r‘r r‘r|r|r|r|r|r|r

Bits 31:24 Data1
Bits 23:16 Data0

Bits 15:8 OBR: User Option Byte
Bit 15: Reserved, must be kept at reset value.
Bit 14: SRAM_PE.
Bit 13: VDDA_MONITOR
Bit 12: nBOOT1
Bit 11: Reserved, must be kept at reset value.
Bit 10: NnRST_STDBY
Bit 9: nRST_STOP
Bit 8: WDG_SW

Bits 7:3 Reserved, must be kept at reset value.

Bits 2:1 RDPRT[1:0]: Read protection Level status
00: Read protection Level 0 is enabled (ST production set up)
01: Read protection Level 1 is enabled
10: Reserved
11: Read protection Level 2 is enabled
Note: These bits are read-only.

Bit 0 OPTERR: Option byte Load 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.
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4.5.8 Write protection register (FLASH_WRPR)

Address offset: 0x20
Reset value: OxFFFF FFFF

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

r | r | r | r | r | r | r | r | r | r | r | r | r | r | r | r

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

Bits 31:0 WRP: Write protect

This register contains the write-protection option bytes loaded by the OBL.
These bits are read-only.

4.6 Flash register map

Table 10. Flash interface - register map and reset values

Offset | Register |5 |3 (R | X |N|&|&Q|J|(Q|N|J|R[ 2|25 (g3 |2|Y¥|F|2|o|w|~|o|w(st|o|a|~o
0| Ww| <
FLASH_ @1 @l 2| LATENCY
ACR Ll | [2:0]
0x000 g
Reset 1/1]/0lolo]o
value
FLASH_ .
KEYR FKEYR[31:0]
0x004
Reset
X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X
value
FLASH_ .
OPTKEYR OPTKEYR[31:0]
0x008
Reset
X X X X X | X | X X X X X X X X X X X X X X X X X X X X X X X X X X
Value
©
FLASH o B8],
_ ~
SR olx &2
0x00C 4 o
=
Reset
value 010 0 0
T
g i x| o
w wi o N
FLASH_ ?(D_ Tl OQ:E& 5%@
CR ) o x| & 9l 5lala S(a|
0x010 2 w il o| o
o
Reset olo 0|0 1]lofo]o ololo
value
FLASH
AR " FAR[31:0]
0x014
Reset
vae |0loloojojo|ojofo|ojojojojojofofofofofofofo|o|o|o|0|O|0O|0O|0O|O|O
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Table 10. Flash interface - register map and reset values (continued)

Offset | Register |5 (3R N|Q[(R (I |QN|I|Q|2|2|5|e|e|T|e|¥|=s|2|o|o|~|o|jvtoa|~|o
x
wl e &l o =5
g . o| = = x
- ol =z a <
FLASH_ b 3 <15|6] |50l E | E
OBR © © 2| 5|0 | | @ | &
0x01C e e el <2 | BleglS a8 |5
(f)g ﬂéné 4
>
Reset
X | X | X[X|[X]|X[X[X|X|X[X]|X]|X[X]|X]X X X[ X | X ]| X|X|X X | X[ X
value
FLASH_ )
WRPR WRP[31:0]
0x020
Reset |yl g [ [ fafafafafalalalalalalalalalalalalalalalalafa{a{1]{1]1]1]1
value

Refer to Section 3.2 on page 51 for the register boundary addresses.
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Note:
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Option byte description

There are six 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.

Table 11. Option byte format

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

Complemented option
byte1

Complemented option

Option byte 1 byte0

Option byte 0

The organization of these bytes inside the information block is as shown in Table 12.

The option bytes can be read from the memory locations listed in Table 12 or from the
Option byte register (FLASH_OBR).

The new programmed option bytes (user, read/write protection) are loaded after a system
reset.

Table 12. Option byte organization

Address [31:24] [23:16] [15:8] [7:0]
0x1FFF F800 nUSER USER nRDP RDP
0x1FFF F804 nData1 Data1 nData0 Data0
Ox1FFF F808 nWRP1 WRP1 nWRPO WRPO
Ox1FFF F80C nWRP3(") wRP3(") nWRP2(") wRrpP2(")

1. Available only on STM32F302xB/C/D/E. Must be kept at reset values in STM32F302x6/8 devices.
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Table 13. Description of the option bytes

Flash memory
address

Option bytes

Ox1FFF F800

Bits [31:24]: nUSER
Bits [23:16]: USER: User option byte (stored in FLASH_OBR[15:8])
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
Bit 23: Reserved
Bit 22: SRAM_PE (not available in STM32F302x6/8 devices)
The SRAM hardware parity check is disabled by default. This bit allows the user to
enable the SRAM hardware parity check.
0: Parity check enabled.
1: Parity check disabled.
Bit 21: VDDA_MONITOR
This bit selects the analog monitoring on the VDDA power source:
0: VDDA power supply supervisor disabled.
1: VDDA power supply supervisor enabled.
Bit 20: nBOOT1
Together with the BOOTO pin, this bit selects Boot mode from the main Flash
memory, SRAM or System memory. Refer to Section 2.5 on page 52.
Bit 19: Reserved, must be kept at reset.
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 value of this byte defines the Flash memory protection level
OxAA: Level 0
0xXX (except OXAA and 0xCC): Level 1
O0xCC: Level 2

The protection levels are stored in the Flash_OBR Flash option bytes register
(RDPRT bits).

Ox1FFF F804

Datax: Two bytes for user data storage.
These addresses can be programmed using the option byte programming
procedure.
Bits [31:24]: nData1
Bits [23:16]: Data1 (stored in FLASH_OBR[31:24])
Bits [15:8]: nData0
Bits [7:0]: Data0 (stored in FLASH_OBR[23:16])
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Table 13. Description of the option bytes (continued)

Flash memory

address Option bytes

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])
0: Write protection active
1: Write protection not active
Refer to Section 4.3.2: Write protection for more details.
Note: Even if WRP2 and WRP3 are not available, they must be kept at reset
value.

Ox1FFF F808

WRPx: Flash memory write protection option bytes (available only on
STM32F302xB/C)
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 2 Kbytes in
the main memory block.
0x1FFF F80C 0: Write protection active
1: Write protection not active
In total, 4 user option bytes are used to protect the whole main Flash memory.
WRPO: Write-protects pages 0 to 15
WRP1: Write-protects pages 16 to 31
WRP2: Write-protects pages 32 to 471
WRP3: bits 0-6 write-protect pages 48 to 61, bit 7 write-protects pages 62 to 127
on STM32F302xB/C, pages 63 to 255 on STM32F302xD/E(")

1. Even if WRP2 and WRP3 are not available on the STM32F302x6/8, they must not be re-
programmed and must be kept at reset value OxFF.

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 option 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).

3
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6.1

6.2

3

Cyclic redundancy check calculation unit (CRC)

Introduction

The CRC (cyclic redundancy check) calculation unit is used to get a CRC code from 8-, 16-
or 32-bit data word and a generator polynomial.

Among other applications, CRC-based techniques are used to verify data transmission or
storage integrity. In the scope of the functional safety standards, 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.

CRC main features

Uses CRC-32 (Ethernet) polynomial: 0x4C11DB7
X32 + X26 + X23 4 X22 4 X16 4 X12 4 XM 4+ X10 48 + X7 + X5 + X4 + X2+ X +1
Alternatively, uses fully programmable polynomial with programmable size (7, 8, 16, 32
bits)
Handles 8-,16-, 32-bit data size
Programmable CRC initial value
Single input/output 32-bit data register
Input buffer to avoid bus stall during calculation
CRC computation done in 4 AHB clock cycles (HCLK) for the 32-bit data size
General-purpose 8-bit register (can be used for temporary storage)
Reversibility option on 1/O data
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6.3

6.3.1

6.3.2

6.3.3
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CRC functional description

CRC block diagram

Figure 7. CRC calculation unit block diagram

< 32-bit AHB bus >
0} il

\/ 32-bit (read access)
Data register (output)

i il

CRC computation

32-bit (write access) i} T T

Data register (input)

crc_hclk —»

MS19882V2

CRC internal signals

Table 14. CRC internal input/output signals

Signal name Signal type Description

crc_hclk Digital input | AHB clock

CRC operation

The CRC calculation unit has a single 32-bit read/write data register (CRC_DR). It is used to
input new data (write access), and holds the result of the previous CRC calculation (read
access).

Each write operation to the data register creates a combination of the previous CRC value
(stored in CRC_DR) and the new one. CRC computation is done on the whole 32-bit data
word or byte by byte depending on the format of the data being written.

The CRC_DR register can be accessed by word, right-aligned half-word and right-aligned
byte. For the other registers only 32-bit access is allowed.

The duration of the computation depends on data width:

e 4 AHB clock cycles for 32-bit

e 2 AHB clock cycles for 16-bit

e 1 AHB clock cycles for 8-bit

An input buffer allows a second data to be immediately written without waiting for any wait
states due to the previous CRC calculation.

The data size can be dynamically adjusted to minimize the number of write accesses for a
given number of bytes. For instance, a CRC for 5 bytes can be computed with a word write
followed by a byte write.
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The input data can be reversed, to manage the various endianness schemes. The reversing
operation can be performed on 8 bits, 16 bits and 32 bits depending on the REV_IN[1:0] bits
in the CRC_CR register.

For example: input data 0x1A2B3C4D is used for CRC calculation as:

e  0x58D43CB2 with bit-reversal done by byte

e 0xD458B23C with bit-reversal done by half-word

e 0xB23CDA458 with bit-reversal done on the full word

The output data can also be reversed by setting the REV_OUT bit in the CRC_CR register.

The operation is done at bit level: for example, output data 0x11223344 is converted into
0x22CC4488.

The CRC calculator can be initialized to a programmable value using the RESET control bit
in the CRC_CR register (the default value is OXFFFFFFFF).

The initial CRC value can be programmed with the CRC_INIT register. The CRC_DR
register is automatically initialized upon CRC_INIT register write access.

The CRC_IDR register can be used to hold a temporary value related to CRC calculation. It
is not affected by the RESET bit in the CRC_CR register.

Polynomial programmability

The polynomial coefficients are fully programmable through the CRC_POL register, and the
polynomial size can be configured to be 7, 8, 16 or 32 bits by programming the
POLYSIZE[1:0] bits in the CRC_CR register. Even polynomials are not supported.

If the CRC data is less than 32-bit, its value can be read from the least significant bits of the
CRC_DR register.

To obtain a reliable CRC calculation, the change on-fly of the polynomial value or size can
not be performed during a CRC calculation. As a result, if a CRC calculation is ongoing, the
application must either reset it or perform a CRC_DR read before changing the polynomial.

The default polynomial value is the CRC-32 (Ethernet) polynomial: 0x4C11DB?7.
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6.4 CRC registers
6.4.1 CRC data register (CRC_DR)
Address offset: 0x00
Reset value: OxFFFF FFFF
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DR([31:16]
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
DRI[15:0]

Bits 31:0 DR[31:0]: Data register bits

This register is used to write new data to the CRC calculator.
It holds the previous CRC calculation result when it is read.

If the data size is less than 32 bits, the least significant bits are used to write/read the correct

value.

6.4.2 CRC independent data register (CRC_IDR)
Address offset: 0x04
Reset value: 0x0000 0000

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

Bits 31:8 Reserved, must be kept at reset value.

Bits 7:0 IDR[7:0]: General-purpose 8-bit data register bits
These 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
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6.4.3 CRC control register (CRC_CR)
Address offset: 0x08
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
REV , _
OUT | REVUIN[1:0] | POLYSIZE[1:0] | Res. | Res. |RESET
w w w w w rs

Bits 31:8 Reserved, must be kept at reset value.

Bit 7 REV_OUT: Reverse output data
This bit controls the reversal of the bit order of the output data.
0: Bit order not affected
1: Bit-reversed output format

Bits 6:5 REV_IN[1:0]: Reverse input data
These bits control the reversal of the bit order of the input data
00: Bit order not affected
01: Bit reversal done by byte
10: Bit reversal done by half-word
11: Bit reversal done by word

Bits 4:3 POLYSIZE[1:0]: Polynomial size
These bits control the size of the polynomial.
00: 32 bit polynomial
01: 16 bit polynomial
10: 8 bit polynomial
11: 7 bit polynomial

Bits 2:1 Reserved, must be kept at reset value.

Bit0 RESET: RESET bit

This bit is set by software to reset the CRC calculation unit and set the data register to the
value stored in the CRC_INIT register. This bit can only be set, it is automatically cleared by
hardware

3
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6.4.4 CRC initial value (CRC_INIT)
Address offset: 0x10
Reset value: OXxFFFF FFFF
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CRC_INIT[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CRC_INIT[15:0]
Bits 31:0 CRC_INIT[31:0]: Programmable initial CRC value
This register is used to write the CRC initial value.
6.4.5 CRC polynomial (CRC_POL)
Address offset: Ox14
Reset value: 0x04C1 1DB7
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
POL[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
POL[15:0]
Bits 31:0 POL[31:0]: Programmable polynomial
This register is used to write the coefficients of the polynomial to be used for CRC
calculation.
If the polynomial size is less than 32 bits, the least significant bits have to be used to program
the correct value.
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6.4.6 CRC register map

Table 15. CRC register map and reset values

Register
Offset ngme - 2RKRNNQIQIRNNSR2L =22 T2 |2 |o|o I~ 0| v|¢ (o a0
CRC_DR DR[31:0]
0x00
Reset value 1111111111111111111111111‘1‘1‘1‘1‘1|1|1
CRC_IDR IDR[7:0]
0x04
Reset value 0 0‘0 0‘0 0|0fo0
— 1S)
= 2 =
8 hal ) m
CRC_CR J5] 3 a
0x08 7] e b 4
X g | O
o
Reset value 0 0‘0 0‘0 0
CRC_INIT CRC_INIT[31:0]
0x10
Reset value 1‘1‘1‘1|1|1‘1‘1‘1‘1‘1‘1|1|1|1‘1‘1‘1‘1‘1‘1|1|1‘1‘1‘1‘1‘1‘1‘1|1|1
CRC_POL POL[31:0]
0x14
Reset value 0‘0|0|0|0|1|0|0‘1‘1|0|0|0|0|0|1|0‘0‘0|1|1|1|0|1|1‘0‘1‘1|0|1|1|1

Refer to Section 3.2 on page 51 for the register boundary addresses.
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Peripheral interconnect matrix

Introduction

Several STM32F3 peripherals have internal interconnections. Knowing these
interconnections allows the following benefits:

Autonomous communication between peripherals

Efficient synchronization between peripherals

Discard the software latency and minimize GP1Os configuration
Optimum number of available pins even with small packages

Avoid the use of connectors and design an optimized PCB with lower dissipated
energy.

Connection summary

The following table presents the matrix for the peripheral interconnect.

Table 16. STM32F302xx peripherals interconnect matrix(1)

Destination
(] —_
g S aﬁwqo%g 0 = | =
b2 B I o H ol - W - VN VN - - = B NI R R e
¢ |2/4/8|8|s|5/5/5|=|F/2|5|5|2|2/2|8|2|E
o|l=|«<|2 d|la|F|F|IF|F|IF|E|E|la|k
8x--x---- S e e R i i R A
<
)
N
O | -/ x| -l-1-1-1-1-1-1-{-1-1-1-1-1-1-1=-1-
=)
<
8
o
S [ - |-l X x| x|
@]
O
N
o
= | - |- -]-1-1-1-1-/-1-|x]|-1-/-|x|x]-1-1-+
@]
(@)
<
o
= | - | -] -|-]1-1-"1-1-/1-/-]1-|x|-1-1-/x/|x1-1-
O
O
(e}
o
= | - -l -]-1-1-1-1-/1-1-01-1-|x|{-|x/|-1|x/|-1-
O
(@)
S
o
s | - -/ x| --]-|-1-|-1-01-"1-1=-4{-1-/1-1-/1-1-+
&
O
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Table 16. STM32F302xx peripherals interconnect matrix(!) (continued)

Destination

INI1LAI

1ova

(2VWNIL

(z2)€NILL

ZNIL

LLNIL

9LNIL

SLNIL

LNIL

¢diNvdOo

(z)dNVdO

9dINOD

YdINOD

¢diNOD

(2)+dINOD

(z) €Oav

1oav

(2 CVINQ

LVING

aainog

¢d\VdO

FNILL

(2)+1dS

L1dvSn

(e)¥1dS

SLANIL

9LNIL

LLNIL

CINIL

(2)€NIL

(2VNIL

9NIL

Scl/elds

Scl/elds

¢ldavsn
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Table 16. STM32F302xx peripherals interconnect matrix(!) (continued)

Destination

INI1LAI

1ova

(2VWNIL

(z2)€NILL

ZNIL

LLNIL

9LNIL

SLNIL

LNIL

¢diNvdOo

(z)dNVdO

9dINOD

YdINOD

¢diNOD

(2)+dINOD

(z) €Oav

1oav

(2 CVINQ

LVING

aainog

€14vsn

(2)V1dvNn

(251dvN

107l

[4er4|

1ovda

#)€9¢l

S1

1vdaA

JueIA

SSO

and

(z)/0M Aed
NVYHS

)nejpieH
Ndo

3SH
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Table 16. STM32F302xx peripherals interconnect matrix(!) (continued)

Destination
(] —_
Sl_lg|_|g|8|als|lelX|y < s
b>H B B ol e ol Y- W Y - VR - YO - el = == I VI BT M Bl
% |512|3/8|8/5/8|5 3528222222 E
ol =| < o F |l =l = = = | = | &
w
o | -|-1-1-1-1-1-1-1-1-{-1-/x|-1-1-1-1-1-
-1
< I I I I I N R R T R R R . S R R R R I
O
=
O
= |- -1 -1-1-"1-1-/-/-/-|1-|1-/|x1|-1-71-1-1-1-
x

X means interconnect, and “-” means no interconnect.
Only in STM32F302xB/C/D/E.

Only in STM32F302xD/E.

Not in STM32F302xB/C.

E

7.3 Interconnection details

7.31 DMA interconnections

Hardware DMA requests are managed by peripherals. The DMA channels dedicated to
each peripheral are summarized in Section 12.3.2: DMA request mapping.

7.3.2 From ADC to ADC

ADC1 can be used as a “master” to trigger ADC2 “slave” start of conversion.

In dual ADC mode, the converted data of the master and slave ADCs can be read in
parallel.

A description of dual ADC mode is provided in Section 15.3.29: Dual ADC modes
(STM32F302xB/C/D/E only).

7.3.3 From ADC to TIM

ADC1 can provide trigger event through watchdog signals to advanced-control timers
(TIM1).

A description of the ADC analog watchdog settings is provided in Section 15.3.28: Analog
window watchdog (AWD1EN, JAWD1EN, AWD1SGL, AWD1CH, AWD2CH, AWD3CH,
AWD_HTx, AWD_LTx, AWDx).

The output (from ADC) is on signals ADC1_AWDx_OUT (x = 1..3 as there are 3 analog
watchdogs per ADC) and the input (to timer) on signal TIMx_ETR (external trigger).

TIMx_ETR is connected to ADC1_AWDXx_OUT through bits in TIM1_OR registers; refer to
Section 20.4.23: TIM1 option registers (TIM1_OR).

3
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7.3.4

7.3.5

7.3.6

7.3.7
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From TIM and EXTI to ADC

General-purpose timers (TIM2/TIM3/TIM4), basic timers (TIM6), advanced-control timer
(TIM1), general-purpose timer (TIM15/TIM16/TIM17) and EXTI can be used to generate an
ADC triggering event.

The output (from timer) is on signal TIMx_TRGO, TIMx_TRGO2 or TIMx_CCx event.
The input (to ADC) is on signal EXT[15:0], JEXT[15:0].
The connection between timers and ADCs or also EXTI & ADCs is provided in:

e Table 87: ADCT1 (master) & 2 (slave) - External triggers for reqular channels
e Table 88: ADC1 & ADC2 - External trigger for injected channels

From OPAMP to ADC

There are two interconnection types:

1. Connect OPAMP output reference voltage to an internal ADC channel. This connection
can be used for OPAMP calibration. For more details, please refer to the Section
Calibration in the OPAMP chapter.

Section 15.3.11: Channel selection (SQRx, JSQRXx) provides the exact ADC channels

to be used.
Table 17. VREFOPAMPXx to ADC channel
VREFOPAMPXx ADC channel
VREFOPAMP1(1) ADC1_IN15
VREFOPAMP2 ADC2_IN17()

1. Only in STM32F302xB/C/DI/E.

2. OPAMPXx output, x = 1, 2 can be connected to ADCy channels, y= 1, 2 through the
GPIOs. See summary in the table below. Refer to Section 18.3.4: Using the OPAMP

outputs as ADC inputs.
Table 18. OPAMP output to ADC input
OPAMPXx output ADC channel Used pins
OPAMP1_VOUuT(" ADC1_IN3 PA2
OPAMP2_VOUT ADC2_IN3(1 PA6

1. Only in STM32F302xB/C/DI/E.

From TS to ADC

Internal temperature sensor (VTS) is connected internally to ADC1_IN16. Refer to
Section 15.3.30: Temperature sensor.

From VBAT to ADC

VBAT/2 output voltage can be converted using ADC1_IN17. This interconnection is
explained in Section 15.3.31: VBAT supply monitoring.
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7.3.8 From VREFINT to ADC

VREFINT is internally connected to channel 18 of the ADCs. This allows the monitoring of
its value as described in Section 15.3.32: Monitoring the internal voltage reference.

7.3.9 From COMP to TIM

The comparators outputs can be redirected internally to different timer inputs:
e  break input 1/2 for fast PWM shutdowns

e OCREF_CLR input

e input capture.

To select which timer input must be connected to the comparator output, the bits field
COMPXOUTSEL in the COMPx_CSR register are used.

The following table gives an overview of all possible comparator outputs redirection to the

timer inputs.
Table 19. Comparator outputs to timer inputs
COMP output selection
TIM1 TIM2 TIm3(™ TIM4 TIM15 TIM16
< = @ @ o
T 2.8 S S
o <
g :<| g 3 ® % N.A N.A N.A
O < O < O
© 9é| EE| C>| L_>| 9| C>| 9| C>|
- ™ T AN AN N ™M
=== = = = = =
FFEFF (R (R
T I @ @
~ 5 3 3 3
s | <9 o o
= JU T © © N.A N.A N.A
O < O < O
o F%E30 Q0o Qo
R <o o o
=== = = = = =
FFFF [S = (S
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7.3.10

7.3.11
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Table 19. Comparator outputs to timer inputs (continued)

COMP output selection
TIM1 TIM2 TIM3( TIM4 TIM15 TIM16
—_ E
g o
2 o 2
g ¢ O N.A ) S o N.A
¥ a0 N (@]
o mn oM © 0o o C>| ]
| | | | | 0 w
~ o o™ <t ~—
= = = = = = =
- - = -
T — 5
= s 2
g < ® :
g ¢ g ) N.A N.A -
(v N O < O
o 0 oM © 0 Q © =
| | | | | © ©
~— AN AN <t ~—
= = = = = = =
- - = F

1. Only in STM32F302xB/C/DI/E.

When the comparator output is configured to be connected internally to timers break input,

the following must be considered:

1/ COMP1/2/6 can be used to control TIM1_BRK_ACTH (this break is always active high
with no digital filter) and to control also TIM1_BRK2 input.

2/ COMP4 can be used to control TIM1_BRK and the TIM1_BRK2 input (same as the other

comparators).

From TIM to COMP

The timers output can be selected as comparators outputs blanking signals using the
“COMPx_BLANKING?” bits in “COMPx_CSR?” register. More details on the blanking function
can be found in Section 17.3.6: Comparator output blanking function.

Table 20. Timer output selection as comparator blanking source

COMP blanking source

COMP1 COMP2 COMP4 COMP6
TIM1 TIM1 OC5 TIM1 OC5 - -
TIM15 - - TIM15 OCA1 TIM15 OC2
TIM2 TIM2 OC3 TIM2 OC3 - TIM2 OC4
TIM3 TIM3 OC3 TIM3 OC3 TIM3 OC4 -

From DAC to COMP
The comparators inverting input may be a DAC channel output (DAC1_CH1).

RMO0365 Rev 8
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7.3.12

7.3.13

7.3.14

7.3.15

3

The selection is made based on “COMPxINMSEL” bits value in “COMPx_CSR” register.

From VREFINT to COMP

Besides to the DAC channel output, Vrefint (x1, x3/4, x1/2, x1/4) can be selected as
comparator inverting input using “COMPxINMSEL” bits in “COMPx_CSR” register.

From DAC to OPAMP

In STM32F302xB/C/D/E, the DAC1 output is connected internally to OPAMP1 non-inverting
input.

From TIM to OPAMP

The switch between OPAMP inverting and non-inverting inputs can be done automatically.
This automatic switch is triggered by the TIM1 CC6 output arriving on the OPAMP input
multiplexers. More details on this feature are available in Section 18.3.6: Timer controlled
Multiplexer mode.

From TIM to TIM

Some STM32F3 timers are linked together internally for timer synchronization or chaining.

When one timer is configured in Master Mode, it can reset, start, stop or clock the counter of

another timer configured in Slave Mode.

A description of the feature with the various synchronization modes is available in:

e  Section 20.3.25: Timer synchronization for the advanced-control timers (TIM1)

e Section 21.3.19: Timer synchronization for the general-purpose timers
(TIM2/TIM3/TIM4)

The slave mode selection is made using “SMS” bits, as described in:

e  Section 20.4.3: TIM1 slave mode control register (TIM1_SMCR),

e  Section 21.4.3: TIMx slave mode control register (TIMx_SMCR)(x = 2 to 4) for the
general-purpose timers (TIM2/TIM3/TIM4),

e  Section 22.5.3: TIM15 slave mode control register (TIM15_SMCR).

The possible master/slave connections are summarized in the following table providing the
internal trigger connection:
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Table 21. Timer synchronization

SLAVE

TIM1 TIM2 TIm3(") TIM4 TIM15

TIM1 - TIM2_ITRO TIM3_ITRO TIM4_ITRO -
TIM2 | TIM1_ITR1 - TIM3_ITR1 TIM4_ITR1 | TIM15_ITRO
y | TIM3 | TIM1_ITR2 TIM2_ITR2 - TIM4_ITR2 | TIM15_ITR1
E TIM4 | TIM1_ITR3 TIM2_ITR3 TIM3_ITR3 - -
= | Tm15 | TIM1_ITRO - TIM3_ITR2 - -
TIM16 - - - - TIM15_ITR2
TIM17 | TIM1_ITR3 - - - TIM15_ITR3

1.

7.3.16

7.3.17

100/1086

Only in STM32F302xB/C/D/E

From break input sources to TIM

In addition to comparators outputs, other sources can be used as trigger for the internal
break events of some timers (TIM1/TIM15/TIM16/TIM17). For example:

e the clock failure event generated by CSS, refer to Section 9.2.6: System clock
(SYSCLK) selection for more details,

e the PVD output, refer to Section 8.2.2: Programmable voltage detector (PVD) for more
details,

o the SRAM parity error signal, refer to Section 3.3.1: Parity check for more details,
e the Cortex-M4 LOCKUP (Hardfault) output.

The sources mentioned above can be connected internally to TIMx_BRK_ACTH input,
x=1,15,16,17.

The purpose of the break function is to protect power switches driven by PWM signals
generated by the timers.

More details on the break feature are provided in:
e  Section 20.3.16: Using the break function for the advanced-control timers (TIM1)

e  Section 22.4.13: Using the break function for the general-purpose timers
(TIM15/TIM16/TIM17)

From HSE, HSI, LSE, LSI, MCO, RTC to TIM

TIM16 can be used for the measurement of internal/external clock sources. TIM16 channel1
input capture is connected to HSE/32, GPIO, RTC clock and MCO to output clocks among
(HSE, HSI, LSE, LSI, SYSCLK, PLLCLK, PLLCLK/2).

The selection is performed through the TI1_RMP [1:0] bits in the TIM16_OR register.
This allows calibrating the HSI/LSI clocks.

More details are provided in Section 9.2.14: Internal/external clock measurement with
TIM16.

S74
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7.3.18 From TIM and EXTI to DAC
A timer counter may be used as a trigger for DAC conversions.
The TRGO event is the internal signal that will trigger conversion.
The following table provides a summary of DACs interconnections with timers:
This is described in Section 16.5.4: DAC trigger selection.
Table 22. Timer and EXTI signals triggering DAC1 conversions
Timer DAC1()
TIM2 X
Tim3™ X
Tim4™) X
TIM6 X
TIM15 X
EXTI line9 X
1. Only in STM32F302xB/C/D/E devices.
7.3.19 From TIM to IRTIM

3

General-purpose timer (TIM16/TIM17) output channels TIMx_OC1 are used to generate the
waveform of infrared signal output. The functionality is described in Section 24: Infrared

interface (IRTIM).
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Power control (PWR)

Power supplies

STM32F302xx devices require a 2.0 V - 3.6 V operating supply voltage (Vpp)anda 2.0V -
3.6 V analog supply voltage (Vppa)- The 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 Vgat voltage
when the main Vpp supply is powered off.

Figure 8. Power supply overview

VDDA domain

A/D converter
D/A converter
VSSA [ ——— | Temp. sensor
VDDA ll;{fiet block
RCs

OPAMP
Comparators

VDD domain 1.8 V domain

1/0 ring

VvsSS [J— Core .
Standby circuitry Memories
—

VDD (Wakeup logic, Dig.ital
IWDG) peripherals

| Voltage regulator |——

Low voltage detector

\ RTC domain

LSE crystal 32K osc
VBAT [}~ BKP registers

RCC BDCR register
RTC

MS19668V2

The following supply voltages are available:

e Vpp and Vgg: external power supply for I/Os and core.
These supply voltages are provided externally through Vpp and Vgg pins. Vpp = 2.0 to
36V.
Vpp must always be kept lower than or equal to Vppa.

e VDD18 =1.65to 1.95V (VDD18 domain): power supply for digital core, SRAM and

Flash memory.
VDD18 is internally generated through an internal voltage regulator .
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8.1.2

3

e Vppa, Vssa= 2.0 to 3.6 V : external power supply for ADC, DAC, comparators,
operational amplifiers, temperature sensor, PLL, HSI 8 MHz oscillator, LS| 40 kHz
oscillator, and reset block.

Vppa must be in the 2.4 to 3.6 V range when the OPAMP and DAC are used.
It is forbidden to have Vppa < Vpp - 0.4 V. An external Schottky diode must be placed
between Vpp and Vppp to guarantee that this condition is met.

e Vpgat= 1.65 to 3.6 V: Backup power supply for RTC, LSE oscillator, PC13 to PC15 and
backup registers when Vpp is not present. When Vpp supply is present, the internal
power switch switches the backup power to Vpp. If Vgat is not used, it must be
connected to Vpp.

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 the VSSA pin.

144- and 100-pin package connections (only on STM32F302xB/CD/E)

To ensure a better accuracy on low-voltage inputs and outputs, a separate external
reference voltage can be connected on VREF+. VREF+ is the highest voltage, represented
by the full scale value, for an analog input (ADC) or output (DAC) signal.

64-pin, 49-pin, 48-pin and 32-pin package connections

On these packages, the VREF+ and VREF- pins are not available. They are internally
connected to the ADC voltage supply (Vppa) and ground (Vggp) respectively.

The Vppa supply/reference voltage can be equal to or higher than Vpp. When a single
supply is used, Vppa can be externally connected to Vpp, through the external filtering
circuit in order to ensure a noise free Vppa/reference voltage.

When Vpp, is different from Vpp, Vppa must always be higher or equal to Vpp. To maintain
a safe potential difference between Vppp and Vpp during power-up/power-down, an
external Schottky diode can be used between Vpp and Vppa. Refer to the datasheet for the
maximum allowed difference.

Battery Backup domain

To retain the content of the backup registers and supply the RTC function when Vpp is
turned off, Vgat pin can be connected to an optional standby voltage supplied by a battery
or by another source.

The Vgat pin powers the RTC unit, the LSE oscillator and the PC13 to PC15 I/Os, allowing
the RTC to operate even when the main power supply is turned off. The switch to the Vgar
supply is controlled by the power-down reset (PDR) embedded in the reset block.

Warning: During tgstrempo (temporization at Vpp startup) or after a PDR
is detected, the power switch between Vgatand Vpp remains
connected to VgaT.

During the startup phase, if Vpp is established in less than
trsTTEMPO (Refer to the datasheet for the value of trsTTEMPO)
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and Vpp > VgaT + 0.6 V, a current may be injected into Vgat
through an internal diode connected between Vpp and the
power switch (VgaT).

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

If no external battery is used in the application, it is recommended to connect Vgar
externally to Vpp with a 100 nF external ceramic decoupling capacitor (for more details refer
to AN4206).

When the RTC domain is supplied by Vpp (analog switch connected to Vpp), the following
functions are available:

e PC13, PC14 and PC15 can be used as GPIO pins

e PC13, PC14 and PC15 can be configured by RTC or LSE (refer to Section 27.3: RTC
functional description on page 734)

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 I/Os must not be used as a current source (e.g. to drive
an LED).

When the RTC domain is supplied by Vgar (analog switch connected to Vgar because Vpp
is not present), the following functions are available:

e PC13, PC14 and PC15 can be controlled only by RTC or LSE (refer to Section 27.3:
RTC functional description on page 734)

Voltage regulator

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 registers and SRAM.

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

3
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8.2 Power supply supervisor
8.21 Power on reset (POR)/power down reset (PDR)

The device has an integrated power-on reset (POR) and power-down reset (PDR) circuits

which are always active and ensure proper operation above a threshold of 2 V.

The device remains in Reset mode when the monitored supply voltage is below a specified

threshold, Vpor/ppr, Without the need for an external reset circuit.

e  The POR monitors only the Vpp supply voltage. During the startup phase Vppa must
arrive first and be greater than or equal to Vpp.

e  The PDR monitors both the Vpp and Vppa supply voltages. However, if the application
is designed with Vppp higher than or equal to Vpp, the Vppa power supply supervisor
can be disabled (by programming a dedicated VDDA _MONITOR option bit) to reduce
the power consumption.

For more details on the power on /power down reset threshold, refer to the electrical

characteristics section in the datasheet.

Figure 9. Power on reset/power down reset waveform
Voo Vppa
40 mV
hysteresis
----------------------------------------------- PDR
: Temporization
i IRSTTEMPO
Reset '
MS19669V1
8.2.2 Programmable voltage detector (PVD)

3

User can use the PVD to monitor the Vpp 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.

APVDO flag is available, in the Power control/status register (PWR_CSR), to indicate if Vpp
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 rising/falling
edge sensitivity of the EXTI Line16 should be configured according to PVD output behavior
i.e. if the EXTI line 16 is configured to rising edge sensitivity, the interrupt is generated when
Vpp drops below the PVD threshold. As an example the service routine could perform
emergency shutdown tasks.
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Figure 10. PVD thresholds
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8.3 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.

The device features three low-power modes:

e Sleep mode (CPU clock off, all peripherals including Arm® Cortex®-M4 core
peripherals like NVIC, SysTick, etc. are kept running)

e  Stop mode (all clocks are stopped)

e Standby mode (1.8V domain powered-off)

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

means:

e  Slowing down the system clocks
e  Gating the clocks to the APB and AHB peripherals when they are unused.

Table 23. Low-power mode summary

Effecton
Effect on 1.8V Vpp Voltage
Mode name Entry wakeup domain clocks | domain regulator
clocks

Sleep WFI Any interrupt CPU clock OFF

(Sleep now or no effect on other None ON
Sleep-on - WFE Wakeup event clocks or analog

exit) clock sources
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Table 23. Low-power mode summary
Effecton
Effect on 1.8V Vpp Voltage
Mode name Entry wakeup domain clocks | domain regulator
clocks
Any EXTl line
(configured in the ON or in low-
PDDS and LPDS | EXTI registers) power mode
Stop bits + Specific (depends on
SLEEPDEEP bit | communication Power control
+ WFlor WFE | peripherals on , HSIand | register
reception events | All 1.8V domain | HSE (PWR_CR))
(USART, 12C) clocks OFF oscillators
: OFF
WKUP pin rising
PDDS bit + edge, RTC alarm,
Standby SLEEPDEEP bit | external reset in OFF
+ WFI or WFE NRST pin,
IWDG reset
8.3.1 Slowing down system clocks
In Run mode the speed of the system clocks (SYSCLK, HCLK, PCLK) can be reduced by
programming the prescaler registers. These prescalers can also be used to slow down
peripherals before entering Sleep mode.
For more details refer to Section 9.4.2: Clock configuration register RCC_CFGR).
8.3.2 Peripheral clock gating
In Run mode, the HCLK and PCLK 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 AHB peripheral clock enable register
(RCC_AHBENR), APB1 peripheral clock enable register (RCC_APB1ENR) and APB2
peripheral clock enable register (RCC_APB2ENR).
8.3.3 Sleep mode

3

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 Arm® Cortex®-M4 System Control register:

e  Sleep-now: if the SLEEPONEXIT bit is cleared, the MCU enters Sleep mode as soon
as WFI or WFE instruction is executed.

e  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/O pins keep the same state as in the Run mode.

Refer to Table 24 and Table 25 for details on how to enter Sleep 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:

e enabling an interrupt in the peripheral control register but not in the NVIC, and enabling
the SEVONPEND bit in the Cortex-M4 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.

e or configuring an external or internal EXT]I 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.

Refer to Table 24 and Table 25 for more details on how to exit Sleep mode.

Table 24. Sleep-now

Sleep-now mode Description

WFI (Wait for Interrupt) or WFE (Wait for Event) while:
— SLEEPDEEP =0 and

— SLEEPONEXIT =0

Refer to the Cortex-M4 System Control register.

Mode entry

If WFI was used for entry:

Interrupt: Refer to Table 40: STM32F302xB/C/D/E vector table and
Mode exit Table 41: STM32F302x6/8 vector table.

If WFE was used for entry
Wakeup event: Refer to Section 13.2.3: Wakeup event management

Wakeup latency None
Table 25. Sleep-on-exit
Sleep-on-exit Description
WEFI (wait for interrupt) while:
Mode entr — SLEEPDEEP = 0 and
Y — SLEEPONEXIT = 1
Refer to the Cortex-M4 System Control register.
Mode exit Interrupt: refer to Table 40: STM32F302xB/C/D/E vector table and
Table 41: STM32F302x6/8 vector table.
Wakeup latency None
Stop mode

The Stop mode is based on the Cortex-M4 deepsleep mode combined with peripheral clock
gating. The voltage regulator can be configured either in normal or low-power mode in the
STM32F302xx devices. In the Stop mode, all I/O pins keep the same state as in the Run
mode.
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Entering Stop mode

Refer to Table 26 for details on how to enter the Stop mode.

To further reduce power consumption in Stop mode, the internal voltage regulator can be put
in 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. See
Section 26.3: IWDG functional description in Section 26: Independent watchdog
(IWDG).

e real-time clock (RTC): this is configured by the RTCEN bit in the RTC domain control
register (RCC_BDCR)

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

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

The ADC or DAC can also consume power during the Stop mode, unless they are disabled
before entering it. To disable the ADC, the ADDIS bit must be set in the ADCx_CR register.
To disable the DAC, the ENx bit in the DAC_CR register must be written to 0.

Exiting Stop mode
Refer to Table 26 for more details on how to exit 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 regulator ON during Stop
mode, the consumption is higher although the startup time is reduced.
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Table 26. Stop mode

Stop mode

Description

Mode entry

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

— Set SLEEPDEEP bit in Arm® Cortex®-M4 System Control register

— Clear PDDS bit in Power Control register (PWR_CR)

— Select the voltage regulator mode by configuring LPDS bit in PWR_CR

Note: To enter Stop mode, all EXTI Line pending bits (in Pending register
(EXTI_PR1)), all peripherals interrupt pending bits and RTC Alarm flag
must be reset. Otherwise, the Stop mode entry procedure is ignored and
program execution continues.

If the application needs to disable the external oscillator (external clock)
before entering Stop mode, the system clock source must be first switched
to HSI and then clear the HSEON bit.

Otherwise, if before entering Stop mode the HSEON bit is kept at 1, the
security system (CSS) feature must be enabled to detect any external
oscillator (external clock) failure and avoid a malfunction when entering
Stop mode.

Mode exit

If WFI was used for entry:

— Any EXTI Line configured in Interrupt mode (the corresponding EXTI
Interrupt vector must be enabled in the NVIC).

— Some specific communication peripherals (USART, I12C) interrupts, when
programmed in wakeup mode (the peripheral must be programmed in
wakeup mode and the corresponding interrupt vector must be enabled in
the NVIC).

Refer to Table 40: STM32F302xB/C/D/E vector table and Table 41:
STM32F302x6/8 vector table.

If WFE was used for entry:

Any EXTI Line configured in event mode. Refer to Section 13.2.3:
Wakeup event management

Wakeup latency

HSI RC wakeup time + regulator wakeup time from Low-power mode

Standby mode

The Standby mode allows to achieve the lowest power consumption. It is based on the
Cortex-M4 deepsleep mode, with the voltage regulator disabled. The 1.8 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 RTC domain
and Standby circuitry (see Figure 8).

Entering Standby mode

Refer to Table 27 for more details on how to enter Standby mode.

In Standby 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. See

3
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Section 26.3: IWDG functional description in Section 26: Independent watchdog
(IWDG).

e real-time clock (RTC): this is configured by the RTCEN bit in the RTC domain control
register (RCC_BDCR)

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

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

Exiting Standby mode

The microcontroller exits the Standby mode when an external reset (NRST pin), an IWDG
reset, a rising edge on the WKUP pin or the rising edge of an RTC alarm occurs (see
Figure 285: RTC block diagram). All registers are reset after wakeup from Standby except
for Power control/status register (PWR_CSR).

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 MCU was in Standby mode.

Refer to Table 27 for more details on how to exit Standby mode.

Table 27. Standby mode

Standby mode Description

WFI (Wait for Interrupt) or WFE (Wait for Event) while:
— Set SLEEPDEEP in Cortex-M4 System Control register

Mode ent
i — Set PDDS bit in Power Control register (PWR_CR)
— Clear WUF bit in Power Control/Status register (PWR_CSR)
Mode exit WKUP pin rising edge, RTC alarm event’s rising edge, external Reset in
NRST pin, IWDG Reset.
Wakeup latency Reset phase

I/O states in Standby mode

In Standby mode, all I/O pins are high impedance except:
e Reset pad (still available)

e TAMPER pin if configured for tamper or calibration out
e  WKUP pin, if 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 Arm® Cortex®-M4
core is no longer clocked.

However, by setting some configuration bits in the DBGMCU_CR register, the software can
be debugged even when using the low-power modes extensively.
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Auto-wakeup from low-power mode

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
RTC domain control register (RCC_BDCR):

e 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 1A added consumption in typical conditions)

e Low-power internal RC Oscillator (LSI RC)
This clock source has the advantage of saving the cost of the 32.768 kHz crystal. This
internal RC Oscillator is designed to add minimum power consumption.

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

e Configure the EXTI Line 17 to be sensitive to rising edge

e  Configure the RTC to generate the RTC alarm

To wakeup from Standby mode, there is no need to configure the EXTI Line 17.

3
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8.4 Power control registers

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

8.4.1 Power control register (PWR_CR)

Address offset: 0x00
Reset value: 0x0000 0000 (reset by wakeup from Standby mode)

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

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
DBP PLS[2:0] PVDE | CSBF | CWUF | PDDS | LPDS

w w | w | w w rc_wl | rc_wi w w

Bits 31:9 Reserved, must be kept at reset value.

Bit 8 DBP: Disable RTC 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: Ifthe HSE divided by 128 is used as the RTC clock, this bit must remain set
to 1.

Bits 7:5 PLS[2:0]: PVD level selection.
These bits are written by software 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
Notes:
1. Refer to the electrical characteristics of the datasheet for more details.
2. Once the PVD_LOCK is enabled (for CLASS B protection) the PLS[2:0] bits
cannot be programmed anymore.

Bit 4 PVDE: Power voltage detector enable.
This bit is set and cleared by software.

0: PVD disabled

1: PVD enabled

Bit 3 CSBF: Clear standby flag.
This bit is always read as 0.

0: No effect
1: Clear the SBF Standby Flag (write).

3
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Bit 2 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)

Bit 1 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.

Bit 0 LPDS: Low-power deepsleep.
This bit is set and cleared by software. It works together with the PDDS bit.
0: Voltage regulator on during Stop mode
1: Voltage regulator in low-power mode during Stop mode

8.4.2 Power control/status register (PWR_CSR)

Address offset: 0x04
Reset value: 0x0000 0000 (not reset by wakeup from Standby mode)

Additional APB cycles are needed to read this register versus a standard APB read.

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

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
EWUP3 | EWUP2 | EWUP1 PVDO | SBF WUF

w w w r r r

Bits 31:11 Reserved, must be kept at reset value.

Bit 10 EWUP3: Enable WKUP3 pin
This bit is set and cleared by software.

0: WKUP3 pin is used for general purpose 1/O. An event on the WKUP3 pin does
not wakeup the device from Standby mode.

1: WKUP3 pin is used for wakeup from Standby mode and forced in input pull
down configuration (rising edge on WKUP3 pin wakes-up the system from
Standby mode).

Note: This bit is reset by a system Reset.

Bit9 EWUP2: Enable WKUP2 pin
This bit is set and cleared by software.

0: WKUP2 pin is used for general purpose 1/O. An event on the WKUP2 pin does
not wakeup the device from Standby mode.

1: WKUPZ2 pin is used for wakeup from Standby mode and forced in input pull
down configuration (rising edge on WKUP2 pin wakes-up the system from
Standby mode).

Note: This bit is reset by a system Reset.

3
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Bit 8 EWUP1: Enable WKUP1 pin

This bit is set and cleared by software.

0: WKUP1 pin is used for general purpose 1/0. An event on the WKUP1 pin does
not wakeup the device from Standby mode.

1: WKUP1 pin is used for wakeup from Standby mode and forced in input pull
down configuration (rising edge on WKUP1 pin wakes-up the system from
Standby mode).

Note: This bit is reset by a system Reset.
Reserved, must be kept at reset value.

PVDO: PVD output

This bit is set and cleared by hardware. It is valid only if PVD is enabled by the
PVDE bit.

0: Vpp/Vppa is higher than the PVD threshold selected with the PLS[2:0] bits.
1: Vpp/Vppa is lower than the PVD threshold selected with the PLS[2:0] bits.
Notes:

1. 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.

2. Once the PVD is enabled and configured in the PWR_CR register, PVDO can
be used to generate an interrupt through the External Interrupt controller.

3.  Once the PVD_LOCK is enabled (for CLASS B protection) PVDO cannot be
disabled anymore.
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 Power control register (PWR_CR)
0: Device has not been in Standby mode
1: Device has been in Standby mode

WUF: Wakeup flag

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

0: No wakeup event occurred

1: Awakeup 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) when the WKUP pin level is already high.

8.4.3 PWR register map

Table 28. PWR register map and reset values

Offset | Register SIRLNICIQIIRYNSIQISIR =T ¥IT|S oo~ ov|¢|v| ||~
PWR_CR & pLsizor | 8| [ 2| 8| 8
0x000 - o ['158335
Reset value ojojofo|ofo|jo|0Of|O
PWR_CSR ggg Bluly
0x004 - 555 Zlolz
Reset value 0(0]|0 0|00

Refer to Section 3.2 on page 51 for the register boundary addresses.
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Reset and clock control (RCC)

Reset

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

Power reset

A power reset is generated when one of the following events occurs:
1. Power-on/power-down reset (POR/PDR reset)
2. When exiting Standby mode

A power reset sets all registers to their reset values except the RTC domain (see Figure 8).

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 RTC domain (see Figure 8).

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

1.  Alow level on the NRST pin (external reset)

Window watchdog event (WWDG reset)

Independent watchdog event (IWDG reset)

A software reset (SW reset) (see Software reset)

Low-power management reset (see Low-power management reset)

Option byte loader reset (see Option byte loader reset)

7. Apower reset

o g s~ wN

The reset source can be identified by checking the reset flags in the Control/Status register,
RCC_CSR (see Section 9.4.10: Control/status register (RCC_CSR)).

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 guarantees a minimum reset pulse duration of 20 ps for each internal reset
source. In case of an external reset, the reset pulse is generated while the NRST pin is
asserted low.

3
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Figure 11. Simplified diagram of the reset circuit
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Software reset

The SYSRESETREQ bit in Cortex-M4®F application interrupt and reset control register
must be set to force a software reset on the device. Refer to the STM32 Cortex®-M4 MCUs
and MPUs programming manual (PM0214) for more details.

Low-power management reset

There are two ways to generate a low-power management reset:
1. Reset generated when entering Standby mode:

This type of reset is enabled by resetting nRST_STDBY bit in User Option Bytes. In this
case, whenever a Standby mode entry sequence is successfully executed, the device
is reset instead of entering Standby mode.

2. Reset when entering Stop mode:

This type of reset is enabled by resetting nRST_STOP bit in User Option Bytes. In this
case, whenever a Stop mode entry sequence is successfully executed, the device is
reset instead of entering Stop mode.

For further information on the User Option Bytes, refer to Section 2: Option bytes.

Option byte loader reset

The option byte loader reset is generated when the OBL_LAUNCH bit (bit 13) is set in the
FLASH_CR register. This bit is used to launch the option byte loading by software.

9.1.3 RTC domain reset

The RTC domain has two specific resets that affect only the RTC domain (Figure 8).

An RTC domain reset only affects the LSE oscillator, the RTC, the Backup registers and the
RCC RTC domain control register (RCC_BDCR). It is generated when one of the following
events occurs.

1. Software reset, triggered by setting the BDRST bit in the RTC domain control register
(RCC _BDCR).

2. Vpp power-up if Vgat has been disconnected when it was low.

3
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The backup registers are also reset when one of the following events occurs:
1. RTC tamper detection event.
2. Change of the read out protection from level 1 to level 0.

Clocks

Three different clock sources can be used to drive the system clock (SYSCLK):
e HSI 8 MHZ RC oscillator clock

e  HSE oscillator clock

e PLL clock

The devices have the following additional clock sources:

e 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.

e 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.

Several prescalers can be used to configure the AHB frequency, the high speed APB
(APB2) and the low speed APB (APB1) domains. The maximum frequency of the AHB and
APB2 domains is 72 MHz. The maximum allowed frequency of the APB1 domain is 36 MHz.
All the peripheral clocks are derived from their bus clock (HCLK, PCLK1 or PCLK2) except:

e  The Flash memory programming interface clock (FLITFCLK) which is always the HSI
clock.

e The 48-MHz USB clock which is derived from the PLL VCO
e  The option byte loader clock which is always the HSI clock

e The ADCs clock which is derived from the PLL output. It can reach 72 MHz and can
then be divided by 1,2,4,6,8,10,12,16,32,64,128 or 256.

e The U(S)ARTs clock which is derived (selected by software) from one of the four
following sources:

—  system clock
—  HSIlclock
— LSE clock

— APB1 or APB2 clock (PCLK1 or PCLK2 depending on which APB is mapped the
USART)

e Thel2C1/2 (12C1/2/3 on STM32F302xD/E) clock which is derived (selected by
software) from one of the two following sources:

—  system clock
— HSlclock

. The 12S2 and 12S3 clocks which can be derived from an external dedicated clock
source.

e  The RTC clock which is derived from the LSE, LSI or from the HSE clock divided by 32.
e The IWDG clock which is always the LSI clock.
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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 directly with the Cortex
clock (HCLK), configurable in the SysTick Control and Status Register.

Figure 12. STM32F302xB/C clock tree
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1. For full details about the internal and external clock source characteristics, refer to the “Electrical characteristics” section in

your device datasheet.

2. TIM1 can be clocked from the PLLCLKx2 running up to 144 MHz when the system clock source is the PLL. Refer to

Section 9.2.10: Timers (TIMx) clock.

3. The ADC clock can be derived from the AHB clock of the ADC bus interface, divided by a programmable factor (1, 2 or 4).
When the programmable factor is ‘1’, the AHB prescaler must be equal to ‘1°.

S74
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Figure 13. STM32F302xD/E clock tree
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1. For full details about the internal and external clock source characteristics, refer to the Electrical
characteristics section in your device datasheet.

2. TIM1 can be clocked from the PLL running at 144 MHz when the system clock source is the PLL and AHB

S74

120/1086 RMO0365 Rev 8




RMO0365

Reset and clock control (RCC)

1.

or APB2 subsystem clocks are not divided by more than 2 cumulatively.

3. The ADC clock can be derived from the AHB clock of the ADC bus interface, divided by a programmable
factor (1, 2 or 4). When the programmable factor is ‘“1’, the AHB prescaler must be equal to ‘1".

Figure 14. STM32F302x6/8 clock tree
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For full details about the internal and external clock source characteristics, refer to the “Electrical characteristics” section in

your device datasheet.

2. TIM1 can be clocked from the PLL running at 144 MHz when the system clock source is the PLL and AHB or APB2
subsystem clocks are not divided by more than 2 cumulatively.

3. The ADC clock can be derived from the AHB clock of the ADC bus interface, divided by a programmable factor (1, 2 or 4).
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When the programmable factor is ‘1’, the AHB prescaler must be equal to ‘1’.

9.2.1

122/1086

FCLK acts as Cortex-M4®F free-running clock. For more details refer to the STM32
Cortex®-M4 MCUs and MPUs programming manual (PM0214).

HSE clock

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

e  HSE external crystal/ceramic resonator
e  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.

Figure 15. HSE/ LSE clock sources

Clock source Hardware configuration

OSC_IN 0OSC_OouT

External clock [] []
T GPIO
External
source

MSv31915V1

OSC_IN OSC_OUT‘

—
Crystal/Ceramic |:| I
resonators A_L_i }_AE
- Cu C2 -
k__  Load 4

capacitors

MSv31916V1
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External crystal/ceramic resonator (HSE crystal)

The 4 to 32 MHz external oscillator has the advantage of producing a very accurate rate on
the main clock.

The associated hardware configuration is shown in Figure 15. Refer to the electrical
characteristics section of the datasheet for more details.

The HSERDY flag in the Clock control register (RCC_CR) indicates if the HSE 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).

The HSE Crystal can be switched on and off using the HSEON bit in the Clock control
register (RCC_CR).

To switch ON the HSE oscillator, 512 HSE clock pulses need to be seen by an internal
stabilization counter after the HSEON bit is set. Even in the case that no crystal or resonator
is connected to the device, excessive external noise on the OSC_IN pin may still lead the
oscillator to start. Once the oscillator is started, it needs another 6 HSE clock pulses to
complete a switching OFF sequence. If for any reason the oscillations are no more present
on the OSC_IN pin, the oscillator cannot be switched OFF, locking the OSC pins from any
other use and introducing unwanted power consumption. To avoid such situation, it is
strongly recommended to always enable the Clock Security System (CSS) which is able to
switch OFF the oscillator even in this case.

External source (HSE bypass)

In this mode, an external clock source must be provided. It can have a frequency of up to
32 MHz. Select this mode by setting the HSEBYP and HSEON bits in the Clock control
register (RCC_CR). The external clock signal (square, sinus or triangle) with ~40-60% duty
cycle depending on the frequency (refer to the datasheet) has to drive the OSC_IN pin while
the OSC_OUT pin can be used a GPIO. See Figure 15.

HSI clock

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
components). 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 Ty=25°C.

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

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

For more details on how to measure the HSI frequency variation, refer to Section 9.2.14:
Internal/external clock measurement with TIM16.
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The HSIRDY flag in the Clock control register (RCC_CR) indicates if the HSI RC is stable or
not. At startup, the HSI RC output clock is not released until this bit is set by hardware.

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. Refer to Section 9.2.7: Clock security system (CSS) on page 125.

PLL

The internal PLL can be used to multiply the HSI or HSE output clock frequency. Refer to
Figure 12 and Clock control register (RCC_CR).

The PLL configuration (selection of the input clock, and multiplication factor) must be done
before enabling the PLL. Once the PLL is enabled, these parameters cannot be changed.

To modify the PLL configuration, proceed as follows:

1. Disable the PLL by setting PLLON to 0.

2. Wait until PLLRDY is cleared. The PLL is now fully stopped.
3. Change the desired parameter.

4. Enable the PLL again by setting PLLON to 1.

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

The PLL output frequency must be set in the range 16-72 MHz.

LSE clock

The LSE crystal is a 32.768 kHz Low Speed External crystal or ceramic resonator. It has the
advantage of 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 RTC domain control register
(RCC_BDCR). The crystal oscillator driving strength can be changed at runtime using the
LSEDRV[1:0] bits in the RTC domain control register (RCC_BDCR) to obtain the best
compromise between robustness and short start-up time on one side and low-power-
consumption on the other.

The LSERDY flag in the RTC domain control register (RCC_BDCR) indicates whether the
LSE crystal is stable or not. At startup, the LSE crystal output clock signal is not released
until this bit is set by hardware. An interrupt can be generated if enabled in the Clock
interrupt register (RCC_CIR).

To switch ON the LSE oscillator, 4096 LSE clock pulses need to be seen by an internal
stabilization counter after the LSEON bit is set. Even in the case that no crystal or resonator
is connected to the device, excessive external noise on the OSC32_IN pin may still lead the
oscillator to start. Once the oscillator is started, it needs another 6 LSE clock pulses to
complete a switching OFF sequence. If for any reason the oscillations are no more present
on the OSC_IN pin, the oscillator cannot be switched OFF, locking the OSC32 pins from any
other use and introducing unwanted power consumption. The only way to recover such
situation is to perform the RTC domain reset by software.

3
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Note:

3

External source (LSE bypass)

In this mode, an external clock source must be provided. It can have a frequency of up to

1 MHz. Select this mode by setting the LSEBYP and LSEON bits in the RTC domain control
register (RCC_BDCR). The external clock signal (square, sinus or triangle) with ~50% duty
cycle has to drive the OSC32_IN pin while the OSC32_OUT pin can be used as GPIO. See
Figure 15.

LSl clock

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 RTC. The clock frequency is
around 40 kHz (between 30 kHz and 50 kHz). For more details, refer to the electrical
characteristics section of the datasheets.

The LSI RC 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 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).

System clock (SYSCLK) selection

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

e HSE oscillator

e PLL

After a system reset, the HSI oscillator is selected as system clock. When a clock source is
used directly or through the PLL as a 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 occurs when the clock source becomes ready. Status bits in the Clock
control register (RCC_CR) indicate which clock(s) is (are) ready and which clock is currently
used as a system clock.

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
TIM15/16/17) 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-M4®F NMI (non-maskable interrupt) exception vector.

Once the CSS is enabled and if the HSE clock fails, the CSS interrupt occurs and an NMI is
automatically generated. The NMI is 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
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9.2.9

9.2.10
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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.

ADC clock

The ADC clock is derived from the PLL output. It can reach 72 MHz and can be divided by
the following prescalers values: 1, 2, 4, 6, 8,10,12,16, 32, 64, 128 or 256. It is asynchronous
to the AHB clock. Alternatively, the ADC clock can be derived from the AHB clock of the
ADC bus interface, divided by a programmable factor (1, 2 or 4). This programmable factor
is configured using the CKMODE bit fields in the ADCx_CCR.

If the programmed factor is ‘1’, the AHB prescaler must be set to ‘1",

RTC clock

The RTCCLK clock source can be either the HSE/32, LSE or LSI clock. It is selected by
programming the RTCSEL[1:0] bits in the RTC domain control register (RCC_BDCR). This
selection cannot be modified without resetting the RTC domain. The system must always be
configured so as to get a PCLK frequency greater than or equal to the RTCCLK frequency
for a proper operation of the RTC.

The LSE clock is in the RTC 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 Vpp supply is switched off, provided the
VpaT supply is maintained.

— The RTC remains clocked and functional under system reset.
e IfLSlis selected as the RTC clock:

— The RTC state is not guaranteed if the Vpp supply is powered off.
e Ifthe HSE clock divided by 32 is used as the RTC clock:

— The RTC state is not guaranteed if the Vpp supply is powered off or if the internal
voltage regulator is powered off (removing power from the 1.8 V domain).

Timers (TIMx) clock

APB clock source

The timers clock frequencies are automatically defined by hardware. There are two cases:

1. If the APB prescaler equals 1, the timer clock frequencies are set to the same
frequency as that of the APB domain.

2. Otherwise, they are set to twice (x2) the frequency of the APB domain.

PLL clock source

A clock issued from the PLL (PLLCLKx2) can be selected for TIMx (x = 1 on the
STM32F302xB/C; x = 1, 15, 16 and 17 on the STM32F302x6/8). This configuration allows to
feed TIMx with a frequency up to 144 MHz when the system clock source is the PLL.

3
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In this configuration:

e Onthe STM32F302xB/C, AHB and APB2 prescalers are set to 1, i.e. AHB and APB2
clocks are not divided with respect to the system clock.

e  Onthe STM32F302x6/8 AHB or APB2 subsystem clocks are not divided by more than
2 cumulatively with respect to the system clock.

Watchdog clock

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

12S clock

The 128 clock can be either the System clock or an external clock provided on 12S_CKIN
pin. The selection of the 12S clock source is performed using bit 23 (I2SSRC) of
RCC_CFGR register.

Clock-out capability

The microcontroller clock output (MCQO) capability allows the clock to be output onto the
external MCO pin. The configuration registers of the corresponding GPIO port must be
programmed in alternate function mode. One of 5 clock signals can be selected as the MCO
clock.

e LSI

e LSE

e SYSCLK
e HSI

e HSE

e PLL clock dividedby 2 on the STM32F302xBxC and PLL clock not divided or divided by
2 on the STM32F302x6/8 and STM32F302xD/E, using the PLLNODIV bit in
RCC_CFGR register

The selection is controlled by the MCO[2:0] bits in the Clock configuration register
(RCC_CFGR).

On the STM32F302x6/8 and STM32F302xD/E, the MCO frequency can be reduced by a
configurable divider, controlled by the MCOPRE][2:0] bits of the Clock configuration register
(RCC_CFGR).
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Internal/external clock measurement with TIM16

It is possible to indirectly measure the frequency of all on-board clock sources by mean of
the TIM16 channel 1 input capture. As represented on Figure 16.

Figure 16. Frequency measurement with TIM16 in capture mode

TIM16

TI1_RMP[1:0]
GPIO
RTCCL L
HSE/32
MCO

MS30477V1

The input capture channel of the Timer 16 can be a GPIO line or an internal clock of the
MCU. This selection is performed through the TI1_RMP [1:0] bits in the TIM16_OR register.
The possibilities available are the following ones.

e TIM16 Channel1 is connected to the GPIO. Refer to the alternate function mapping in
the device datasheets.

. TIM16 Channel1 is connected to the RTCCLK.
e TIM16 Channel1 is connected to the HSE/32 Clock.

e TIM16 Channel1 is connected to the microcontroller clock output (MCO), this selection
is controlled by the MCO[2:0] bits of the Clock configuration register (RCC_CFGR).

Calibration of the HSI

The primary purpose of connecting the LSE, through the MCO multiplexer, to the channel 1
input capture is to be able to precisely measure the HSI system clocks (for this, the HSI
should be used as the system clock source). The number of HSI clock counts between
consecutive edges of the LSE signal provides a measure of the internal clock period. Taking
advantage of the high precision of LSE crystals (typically a few tens of ppm’s), it is possible
to determine the internal clock frequency with the same resolution, and trim the source to
compensate for manufacturing-process- and/or temperature- and voltage-related frequency
deviations.

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

The basic concept consists in providing a relative measurement (e.g. the HSI/LSE ratio): the
precision is therefore closely related to the ratio between the two clock sources. The higher
the ratio is, the better the measurement is.

If LSE is not available, HSE/32 is the better option in order to reach the most precise
calibration possible.

Calibration of the LSI

The calibration of the LSI follows the same pattern that for the HSI, but changing the
reference clock. It is necessary to connect LSI clock to the channel 1 input capture of the
TIM16. Then define the HSE as system clock source, the number of his clock counts
between consecutive edges of the LSI signal provides a measure of the internal low speed
clock period.
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The basic concept consists in providing a relative measurement (e.g. the HSE/LSI ratio): the
precision is therefore closely related to the ratio between the two clock sources. The higher
the ratio is, the better the measurement is.

Low-power modes

APB peripheral clocks and DMA clock can be disabled by software.

Sleep mode stops the CPU clock. The memory interface clocks (Flash and RAM interfaces)
can be stopped by software during sleep mode. The AHB to APB bridge clocks are disabled
by hardware during Sleep mode when all the clocks of the peripherals connected to them
are disabled.

Stop mode stops all the clocks in the V18 domain and disables the PLL, the HSI and the
HSE oscillators.

All U(S)ARTs and 12Cs have the capability to enable the HSI oscillator even when the MCU
is in Stop mode (if HSI is selected as the clock source for that peripheral).

All U(S)ARTSs can also be driven by the LSE oscillator when the system is in Stop mode (if
LSE is selected as clock source for that peripheral) and the LSE oscillator is enabled
(LSEON) but they do not have the capability to turn on the LSE oscillator.

Standby mode stops all the clocks in the V18 domain and disables the PLL and the HSI and
HSE oscillators.

The CPU’s deepsleep mode can be overridden for debugging by setting the DBG_STOP or
DBG_STANDBY bits in the DBGMCU_CR register.

When waking up from deepsleep after an interrupt (Stop mode) or reset (Standby mode),
the HSI oscillator is selected as system clock.

If a Flash programming operation is on going, deepsleep mode entry is delayed until the
Flash interface access is finished. If an access to the APB domain is ongoing, deepsleep
mode entry is delayed until the APB access is finished.
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94 RCC registers

Refer to Section 2.2 for a list of abbreviations used in register descriptions.

9.4.1 Clock control register (RCC_CR)
Address offset: 0x00
Reset value: 0x0000 XX83
(where X is undefined)

Access: no wait state, word, half-word and byte access

31 3 29 28 27 2 25 24 23 2 21 20 19 18 17 16
PLL css | HSE | HSE | HsE
roy | PLEON ON | BYP | RDY | ON

r w rw w r w

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

. , HSI
HSICAL7:0] HSITRIM4:0] ROy | HSION
r | r | r | r | r | r | r | r w | w | w | w | rw r w

Bits 31:26 Reserved, must be kept at reset value.

Bit 25 PLLRDY: PLL clock ready flag
Set by hardware to indicate that the PLL is locked.
0: PLL unlocked
1: PLL locked

Bit 24 PLLON: PLL enable
Set and cleared by software to enable PLL.
Cleared by hardware when entering Stop or Standby mode. This bit can not be reset if the PLL
clock is used as system clock or is selected to become the system clock.
0: PLL OFF
1: PLLON

Bits 23:20 Reserved, must be kept at reset value.

Bit 19 CSSON: Clock security system enable
Set and cleared by software to enable the clock security system. When CSSON is set, the
clock detector is enabled by hardware when the HSE oscillator is ready, and disabled by
hardware if a HSE clock failure is detected.
0: Clock detector OFF
1: Clock detector ON (Clock detector ON if the HSE oscillator is ready, OFF if not).

Bit 18 HSEBYP: HSE crystal oscillator bypass
Set and cleared by software to bypass the oscillator with an external clock. The external clock
must be enabled with the HSEON bit set, to be used by the device. The HSEBYP bit can be
written only if the HSE oscillator is disabled.
0: HSE crystal oscillator not bypassed
1: HSE crystal oscillator bypassed with external clock

3

130/1086 RMO0365 Rev 8




RMO0365

Reset and clock control (RCC)

3

Bit 17

Bit 16

Bits 15:8

Bits 7:3

Bit 2
Bit 1

Bit O

HSERDY: HSE clock ready flag

Set by hardware to indicate that the HSE oscillator is stable. This bit needs 6 cycles of the HSE
oscillator clock to fall down after HSEON reset.

0: HSE oscillator not ready
1: HSE oscillator ready

HSEON: HSE clock enable
Set and cleared by software.

Cleared by hardware to stop the HSE oscillator when entering Stop or Standby mode. This bit
cannot be reset if the HSE oscillator is used directly or indirectly as the system clock.

0: HSE oscillator OFF
1: HSE oscillator ON

HSICAL[7:0]: HSI clock calibration
These bits are initialized automatically at startup.

HSITRIM[4:0]: HSI clock trimming

These bits provide an additional user-programmable trimming value that is added to the
HSICAL[7:0] bits. It can be programmed to adjust to variations in voltage and temperature that
influence the frequency of the HSI.

The default value is 16, which, when added to the HSICAL value, should trim the HSI to 8 MHz
* 1%. The trimming step (Fysitrim) i @around 40 kHz between two consecutive HSICAL steps.

Reserved, must be kept at reset value.

HSIRDY: HSI clock ready flag

Set by hardware to indicate that HSI oscillator is stable. After the HSION bit is cleared,
HSIRDY goes low after 6 HSI oscillator clock cycles.

0: HSI oscillator not ready
1: HSI oscillator ready

HSION: HSI clock enable
Set and cleared by software.
Set by hardware to force the HSI oscillator ON when leaving Stop or Standby mode or in case
of failure of the HSE crystal oscillator used directly or indirectly as system clock. This bit
cannot be reset if the HSI is used directly or indirectly as system clock or is selected to become
the system clock.

0: HSI oscillator OFF

1: HSI oscillator ON
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9.4.2 Clock configuration register (RCC_CFGR)
Address offset: 0x04
Reset value: 0x0000 0000
Access: 0 < wait state < 2, word, half-word and byte access

1 or 2 wait states inserted only if the access occurs during clock source switch.

31 30 20 28 271 26 25 24 23 2 21 20 19 18 17 16
PUNOL mcopre2:1) TA;(::;%OFP/ MCO[2:0] i2ssre [VSBPR PLLMUL[3:0] were | eme
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

P(L:L(f)R PPRE2[2:0] PPRE1[2:0] HPRE[3:0] SWS[1:0] SWI1:0]

1. STM32F302xD/E only

Bit 31 PLLNODIV: Do not divide PLL to MCO (in STM32F302x6/8 and STM32F302xD/E only)
This bit is set and cleared by software. It switch-off divider-by-2 for PLL connection to MCO
0: PLL is divided by 2 before MCO
1: PLL is not divided before MCO

Note: Inthe STM32F302xB/C, this bit is reserved and must be kept at reset value.

Bits 30:28 MCOPRE[2:0]: Microcontroller Clock Output Prescaler (in STM32F302x6/8 and
STM32F302xD/E only)
There bits are set and cleared by software. It is highly recommended to change this prescaler
before MCO output is enabled
000: MCO is divided by 1
001: MCO is divided by 2
010: MCO is divided by 4

111: MCO is divided by 128
Note: Inthe STM32F302xB/C, bits 29 and 30 are reserved and must be kept at reset value.

Bit 28 MCOF: Microcontroller Clock Output Flag (STM32F302xB/C only)
Set and reset by hardware.
It is reset by hardware when MCO field is written with a new value
It is set by hardware when the switch to the new MCO source is effective.

Note: Inthe STM32F302x6/8/D/E, this bit is used with Bits 29 and 30 to select the
Microcontroller Clock Output Prescaler.

Bit 27 Reserved, must be kept at reset value.
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Bits 26:24 MCO[2:0]: Microcontroller clock output
Set and cleared by software.
000: MCO output disabled, no clock on MCO
001: Reserved
010: LSI clock selected.
011: LSE clock selected.
100: System clock (SYSCLK) selected
101: HSI clock selected
110: HSE clock selected
111: PLL clock selected (divided by 1 or 2 depending on PLLNODIV bit).
Note: This clock output may have some truncated cycles at startup or during MCO clock
source switching.

Bit 23 12SSRC: I12S external clock source selection
Set and reset by software to clock 12S2 and 12S3 with an external clock. This bits must be
valid before enabling 12S2-3 clocks.
0: 12S2 and 12S3 clocked by system clock
1: 1282 and 12S3 clocked by the external clock

Bit 22 USBPRE: USB prescaler
This bit is set and reset by software to generate the 48 MHz USB clock. They must be valid
before enabling USB clocks.
0: PLL clock is divided by 1.5
1: PLL clock is not divided

Bits 21:18 PLLMUL[3:0]: PLL multiplication factor
These bits are written by software to define the PLL multiplication factor. These bits can be
written only when PLL is disabled.
Caution: The PLL output frequency must not exceed 72 MHz.
0000: PLL input clock x 2
0001: PLL input clock x 3
0010: PLL input clock x 4
0011: PLL input clock x 5
0100: PLL input clock x 6
0101: PLL input clock x 7
0110: PLL input clock x 8
0111: PLL input clock x 9
1000: PLL input clock x 10
1001: PLL input clock x 11
1010: PLL input clock x 12
1011: PLL input clock x 13
1100: PLL input clock x 14
1101: PLL input clock x 15
1110: PLL input clock x 16
1111: PLL input clock x 16

Bit 17 PLLXTPRE: HSE divider for PLL input clock
This bits is set and cleared by software to select the HSE division factor for the PLL. It can be
written only when the PLL is disabled.
Note: This bit is the same as the LSB of PREDIV in Clock configuration register 2
(RCC_CFGR2) (for compatibility with other STM32 products)
0000: HSE input to PLL not divided
0001: HSE input to PLL divided by 2

3
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Bits 16:15

Bit 16

Bit 15

Bit14
Bits 13:11

Bits 10:8

PLLSRC: PLL entry clock source (STM32F302xD/E only)
Set and cleared by software to select PLL clock source. These bits can be written only when
PLL is disabled.

00: HSI/2 used as PREDIV1 entry and PREDIV1 forced to div by 2.

01: HSI used as PREDIV1 entry.

10: HSE used as PREDIV1 entry.

11: Reserved.

PLLSRC: PLL entry clock source
Set and cleared by software to select PLL clock source. This bit can be written only when PLL
is disabled.
0: HSI/2 selected as PLL input clock
1: HSE/PREDIV selected as PLL input clock (refer to Section 9.4.12: Clock configuration
register 2 (RCC_CFGR2) on page 151

Reserved, must be kept at reset value in STM32F302xB/C and STM32F302x6/8 devices, and
used with Bit 16 in STM32F302xD/E to select the PLL clock source.

Reserved, must be kept at reset value.

PPRE2[2:0]: APB high-speed prescaler (APB2)
Set and cleared by software to control the division factor of the APB2 clock (PCLK).
Oxx: HCLK not divided
100: HCLK divided by 2
101: HCLK divided by 4
110: HCLK divided by 8
111: HCLK divided by 16

PPRE1[2:0]: APB Low-speed prescaler (APB1)
Set and cleared by software to control the division factor of the APB1 clock (PCLK).
Oxx: HCLK not divided
100: HCLK divided by 2
101: HCLK divided by 4
110: HCLK divided by 8
111: HCLK divided by 16

3
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Bits 7:4 HPRE[3:0]: HLCK prescaler
Set and cleared by software to control the division factor of the AHB clock.
Oxxx: SYSCLK not divided
1000: SYSCLK divided by 2
1001: SYSCLK divided by 4
1010: SYSCLK divided by 8
1011: SYSCLK divided by 16
1100: SYSCLK divided by 64
1101: SYSCLK divided by 128
1110: SYSCLK divided by 256
1111: SYSCLK divided by 512
Note: The prefetch buffer must be kept on when using a prescaler different from 1 on the
AHB clock. Refer to section Read operations on page 63 for more details.
Bits 3:2 SWS[1:0]: System clock switch status
Set and cleared by hardware to indicate which clock source is used as system clock.
00: HSI oscillator used as system clock
01: HSE oscillator used as system clock
10: PLL used as system clock
11: not applicable
Bits 1:0 SWI[1:0]: System clock switch
Set and cleared by software to select SYSCLK source.
Cleared by hardware to force HSI selection when leaving Stop and Standby mode or in case
of failure of the HSE oscillator used directly or indirectly as system clock (if the Clock Security
System is enabled).
00: HSI selected as system clock
01: HSE selected as system clock
10: PLL selected as system clock
11: not allowed
9.4.3 Clock interrupt register (RCC_CIR)
Address offset: 0x08
Reset value: 0x0000 0000
Access: no wait state, word, half-word and byte access
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PLL | HSE | HSI LSE LSl
csse RDYC | RDYC | RDYC | RDYC | RDYC
w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PLL | HSE | HSI LSE LSI | sk PLL | HSE | HSI LSE LSl
RDYIE | RDYIE | RDYIE | RDYIE | RDYIE RDYF | RDYF | RDYF | RDYF | RDYF
w w w w w r r r r r r
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Bits 31:24 Reserved, must be kept at reset value.

Bit 23 CSSC: Clock security system interrupt clear
This bit is set by software to clear the CSSF flag.
0: No effect
1: Clear CSSF flag

Bits 22:21 Reserved, must be kept at reset value.

Bit 20 PLLRDYC: PLL ready interrupt clear
This bit is set by software to clear the PLLRDYF flag.
0: No effect
1: Clear PLLRDYF flag

Bit 19 HSERDYC: HSE ready interrupt clear
This bit is set by software to clear the HSERDYF flag.
0: No effect
1: Clear HSERDYF flag

Bit 18 HSIRDYC: HSI ready interrupt clear
This bit is set software to clear the HSIRDYF flag.
0: No effect
1: Clear HSIRDYF flag

Bit 17 LSERDYC: LSE ready interrupt clear
This bit is set by software to clear the LSERDYF flag.
0: No effect
1: LSERDYF cleared

Bit 16 LSIRDYC: LSI ready interrupt clear
This bit is set by software to clear the LSIRDYF flag.
0: No effect
1: LSIRDYF cleared

Bits 15:13 Reserved, must be kept at reset value.

Bit 12 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

Bit 11 HSERDYIE: HSE ready interrupt enable

Set and cleared by software to enable/disable interrupt caused by the HSE oscillator
stabilization.

0: HSE ready interrupt disabled
1: HSE ready interrupt enabled

Bit 10 HSIRDYIE: HSI ready interrupt enable
Set and cleared by software to enable/disable interrupt caused by the HSI oscillator
stabilization.
0: HSI ready interrupt disabled
1: HSI ready interrupt enabled
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Bit 9 LSERDYIE: LSE ready interrupt enable

Set and cleared by software to enable/disable interrupt caused by the LSE oscillator
stabilization.

0: LSE ready interrupt disabled
1: LSE ready interrupt enabled

Bit 8 LSIRDYIE: LSI ready interrupt enable

Set and cleared by software to enable/disable interrupt caused by the LSI oscillator
stabilization.

0: LSI ready interrupt disabled
1: LSl ready interrupt enabled

Bit 7 CSSF: Clock security system interrupt flag
Set by hardware when a failure is detected in the HSE oscillator.
Cleared by software setting the CSSC bit.
0: No clock security interrupt caused by HSE clock failure
1: Clock security interrupt caused by HSE clock failure

Bits 6:5 Reserved, must be kept at reset value.

Bit4 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

Bit 3 HSERDYF: HSE ready interrupt flag
Set by hardware when the HSE clock becomes stable and HSERDYDIE is set.
Cleared by software setting the HSERDYC bit.
0: No clock ready interrupt caused by the HSE oscillator
1: Clock ready interrupt caused by the HSE oscillator

Bit 2 HSIRDYF: HSI ready interrupt flag

Set by hardware when the HSI clock becomes stable and HSIRDYDIE is set in a response to
setting the HSION (refer to Clock control register (RCC_CR)). When HSION is not set but the
HSI oscillator is enabled by the peripheral through a clock request, this bit is not set and no
interrupt is generated.

Cleared by software setting the HSIRDYC bit.
0: No clock ready interrupt caused by the HSI oscillator
1: Clock ready interrupt caused by the HSI oscillator

Bit 1 LSERDYF: LSE ready interrupt flag
Set by hardware when the LSE clock becomes stable and LSERDYDIE is set.
Cleared by software setting the LSERDYC bit.
0: No clock ready interrupt caused by the LSE oscillator
1: Clock ready interrupt caused by the LSE oscillator

Bit 0 LSIRDYF: LSI ready interrupt flag
Set by hardware when the LSI clock becomes stable and LSIRDYDIE is set.
Cleared by software setting the LSIRDYC bit.
0: No clock ready interrupt caused by the LSI oscillator
1: Clock ready interrupt caused by the LSI oscillator
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944 APB2 peripheral reset register (RCC_APB2RSTR)

Address offset: 0x0C
Reset value: 0x0000 0000

Access: no wait state, word, half-word and byte access

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TIM17 | TIM16 | TIM15

RST RST RST

w w w

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
SPI4R | USART1 SPI TIM1 ggg
ST RST RsT(" | RST RST

w w w w w

1. Available only on STM32F302xB/C/D/E devices.

Bits 31:19 Reserved, must be kept at reset value.

Bit 18 TIM17RST: TIM17 timer reset
Set and cleared by software.
0: No effect
1: Reset TIM17 timer

Bit 17 TIM16RST: TIM16 timer reset
Set and cleared by software.
0: No effect
1: Reset TIM16 timer

Bit 16 TIM15RST: TIM15 timer reset
Set and cleared by software.
0: No effect
1: Reset TIM15 timer

Bit 15 SPI4RST: SPI4 reset (only on STM32F302xD/E devices)
Set and cleared by software.
0: No effect
1: Reset SPI4

Bit 14 USART1RST: USART1 reset
Set and cleared by software.

0: No effect
1: Reset USART1

Bit 13 Reserved, must be kept at reset value.

Bit 12 SPIMRST: SPI1 reset (STM32F302xB/C/D/E devices only)
Set and cleared by software.
0: No effect
1: Reset SPI1
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Bit 11 TIMARST: TIM1 timer reset
Set and cleared by software.
0: No effect
1: Reset TIM1 timer

Bits 10:1 Reserved, must be kept at reset value.

Bit 0 SYSCFGRST: SYSCFG, Comparators and operational amplifiers reset
Set and cleared by software.
0: No effect
1: Reset SYSCFG, COMP, and OPAMP

9.4.5 APB1 peripheral reset register (RCC_APB1RSTR)

Address offset: 0x10
Reset value: 0x0000 0000

Access: no wait state, word, half-word and byte access

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
12C3 | DAC1 | PWR CAN uUSsB 12C2 12C1 | UARTS5 | UART4 | USART3 | USART2
RST RST RST RST RST RST RST RST RST RST RST
w rw w rw rw w rw w w rw rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
SPI3 | SPI2 WWDG TIM6 TIM4 TIM3 TIM2
RST RST RST RST RST RST RST
w w w w rw rw w

Bit 31 Reserved, must be kept at reset value.

Bit 30 12C3RST: I12C3 reset
Set and cleared by software.
0: No effect
1: Reset 12C3

Bit 29 DAC1RST: DAC1 interface reset
Set and cleared by software.

0: No effect
1: Reset DAC1 interface

Bit 28 PWRRST: Power interface reset
Set and cleared by software.
0: No effect
1: Reset power interface

Bits 27:26 Reserved, must be kept at reset value.

Bit 25 CANRST: CAN reset
Set and reset by software.
0: does not reset the CAN
1: resets the CAN

Bit 24 Reserved, must be kept at reset value
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Bit 23

Bit 22

Bit 21

Bit 20

Bit 19

Bit 18

Bit 17

Bit 16
Bit 15

Bit 14

Bits 13:12
Bit 11

Bits 10:5

140/1086

USBRST: USB reset

Set and reset by software.
0: does not reset USB
1: resets USB

I12C2RST: 12C2 reset

Set and cleared by software.
0: No effect
1: Reset 12C2

I2C1RST: 12C1 reset
Set and cleared by software.

0: No effect
1: Reset 12C1

UARTS5RST: UARTS reset (STM32F302xB/C/D/E devices only)

Set and cleared by software.
0: No effect
1: Reset UART5

UART4RST: UART4 reset (STM32F302xB/C/D/E devices only)

Set and cleared by software.
0: No effect
1: Reset UART4

USART3RST: USARTS3 reset
Set and cleared by software.
0: No effect
1: Reset USART3
USART2RST: USART2 reset
Set and cleared by software.

0: No effect
1: Reset USART2

Reserved, must be kept at reset value.

SPI3RST: SPI3 reset
Set and cleared by software.
0: No effect
1: Reset SPI3 and 12S3
SPI2RST: SPI2 reset
Set and cleared by software.

0: No effect
1: Reset SPI2 and 12S2

Reserved, must be kept at reset value.

WWDGRST: Window watchdog reset
Set and cleared by software.

0: No effect

1: Reset window watchdog

Reserved, must be kept at reset value.

RMO0365 Rev 8
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9.4.6

Note:

Bit4 TIM6RST: TIM6 timer reset
Set and cleared by software.

0: No effect
1: Reset TIM6

Bit 3 Reserved, must be kept at reset value.

Bit2 TIM4RST: TIM4 timer reset (STM32F302xB/C devices only)
Set and cleared by software.
0: No effect
1: Reset TIM4
Bit 1 TIM3RST: TIM3 timer reset (STM32F302xB/C devices only)
Set and cleared by software.
0: No effect
1: Reset TIM3
Bit 0 TIM2RST: TIM2 timer reset
Set and cleared by software.

0: No effect
1: Reset TIM2

AHB peripheral clock enable register (RCC_AHBENR)
Address offset: 0x14

Reset value: 0x0000 0014

Access: no wait state, word, half-word and byte access

When the peripheral clock is not active, the peripheral register values may not be readable

by software and the returned value is always 0x0.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
rocen | 76 1o | v oo Tiore Tioes Trioen [y

w rw w w w w w w w rw

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CRC FMC FLITF SRAM | DMA2 | DMA1

EN EN( EN EN EN EN

w w w w w rw

1. Only on STM32F302xDxE.

3

Bits 31:29 Reserved, must be kept at reset value.

Bit 28 ADC12EN: ADC1 and ADC2 enable (ADC2 only in STM32F302xB/C)
Set and reset by software.
0: ADC1 and ADC2 clock disabled
1: ADC1 and ADC2 clock enabled

Bits 27:25 Reserved, must be kept at reset value.

Bit 24 TSCEN: Touch sensing controller clock enable
Set and cleared by software.

0: TSC clock disabled
1: TSC clock enabled
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Bit 23 IOPGEN: IO port G clock enable. (Only on STM32F302xDxE)
Set and cleared by software.
0: 10 port G clock disabled
1: 10 port G clock enabled

Bit 22 IOPFEN: I/O port F clock enable
Set and cleared by software.

0: 1/0 port F clock disabled
1: 1/0 port F clock enabled

Bit 21 IOPEEN: 1/O port E clock enable(STM32F302xB/C devices only)
Set and cleared by software.

0: 1/0O port E clock disabled
1: 1/0 port E clock enabled.

Bit 20 IOPDEN: I/O port D clock enable
Set and cleared by software.

0: 1/0 port D clock disabled
1: 1/0 port D clock enabled

Bit 19 IOPCEN: I/O port C clock enable
Set and cleared by software.

0: 1/0 port C clock disabled
1: 1/0 port C clock enabled

Bit 18 IOPBEN: I/O port B clock enable
Set and cleared by software.

0: 1/0O port B clock disabled
1: 1/0 port B clock enabled

Bit 17 IOPAEN: 1/O port A clock enable

Set and cleared by software.
0: I/0 port A clock disabled
1: 1/O port A clock enabled

Bit 16 IOPHEN: |10 port H clock enable. (Only on STM32F302xDxE)
Set and cleared by software.

0: 10 port H clock disabled
1: 10 port H clock enabled

Bits 15:7 Reserved, must be kept at reset value.

Bit 6 CRCEN: CRC clock enable
Set and cleared by software.

0: CRC clock disabled
1: CRC clock enabled

Bit5 FMCEN: FMC clock enable. (Only on STM32F302xDxE)
Set and cleared by software.
0: FMC clock disabled
1: FMC clock enabled
Bit4 FLITFEN: FLITF clock enable
Set and cleared by software to disable/enable FLITF clock during Sleep mode.
0: FLITF clock disabled during Sleep mode
1: FLITF clock enabled during Sleep mode

Bit 3 Reserved, must be kept at reset value.
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Bit2 SRAMEN: SRAM interface clock enable
Set and cleared by software to disable/enable SRAM interface clock during Sleep mode.
0: SRAM interface clock disabled during Sleep mode.
1: SRAM interface clock enabled during Sleep mode
Bit 1 DMA2EN: DMA2 clock enable (STM32F302xB/C devices only)
Set and cleared by software.
0: DMAZ2 clock disabled
1: DMA2 clock enabled
Bit0 DMA1EN: DMA1 clock enable
Set and cleared by software.

0: DMA1 clock disabled
1: DMA1 clock enabled

9.4.7 APB2 peripheral clock enable register (RCC_APB2ENR)
Address: 0x18
Reset value: 0x0000 0000
Access: word, half-word and byte access

No wait states, except if the access occurs while an access to a peripheral in the APB2
domain is on going. In this case, wait states are inserted until the access to APB2 peripheral
is finished.

Note: When the peripheral clock is not active, the peripheral register values may not be readable
by software and the returned value is always 0x0.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TIM17 | TIM16 | TIM15

EN EN EN

w w w

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

SPI4E | USART SPI1 TIM1 SYS
N 1EN EN EN CFGEN

w w w w w

Bits 31:19 Reserved, must be kept at reset value.

Bit 18 TIM17EN: TIM17 timer clock enable
Set and cleared by software.

0: TIM17 timer clock disabled
1: TIM17 timer clock enabled

Bit 17 TIM16EN: TIM16 timer clock enable
Set and cleared by software.
0: TIM16 timer clock disabled
1: TIM16 timer clock enabled
Bit 16 TIM15EN: TIM15 timer clock enable
Set and cleared by software.

0: TIM15 timer clock disabled
1: TIM15 timer clock enabled

3

RMO0365 Rev 8 143/1086




Reset and clock control (RCC) RMO0365

Bit 15 SPI4EN: SPI4 clock enable (STM32F302xD/E only)
Set and cleared by software.
0: SPI4 clock disabled
1: SPI4 clock enabled
Bit 14 USART1EN: USART1 clock enable
Set and cleared by software.
0: USART1 clock disabled
1: USART1 clock enabled
Bit 13 Reserved, must be kept at reset value.

Bit 12 SPIMEN: SPI1 clock enable (STM32F302xB/C devices only)
Set and cleared by software.
0: SPI1 clock disabled
1: SPI1 clock enabled

Bit 11 TIM1EN: TIM1 timer clock enable
Set and cleared by software.
0: TIM1 timer clock disabled
1: TIM1 timer clock enabled

Bits 10:1 Reserved, must be kept at reset value.

Bit 0 SYSCFGEN: SYSCFG clock enable
Set and cleared by software.
0: SYSCFG clock disabled
1: SYSCFG clock enabled

9.4.8 APB1 peripheral clock enable register (RCC_APB1ENR)
Address: 0x1C
Reset value: 0x0000 0000
Access: word, half-word and byte access

No wait state, except if the access occurs while an access to a peripheral on APB1 domain
is on going. In this case, wait states are inserted until this access to APB1 peripheral is
finished.

Note: When the peripheral clock is not active, the peripheral register values may not be readable
by software and the returned value is always 0x0.

31 30 20 28 27 26 25 24 23 22 21 20 19 18 17 16
12C3 |DAC1| PWR CAN USB | 12C2 | 12C1 | UART5 | UART4 |USART3|USART2
EN | EN | EN EN EN | EN | EN EN EN EN EN
rw w rw w rw rw rw rw rw rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SR | SR i TIMBEN TIM4EN | TIM3EN | TIM2
rw rw rw rw rw rw w
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Bit 31
Bit 30

Bit 29

Bit 28

Bits 27:263
Bit 25

Bit 24
Bit 23

Bit 22

Bit 21

Bit 20

Bit 19

Bit 18

3

Reserved, must be kept at reset value.

I2C3EN: 12C3 clock enable (only in STM32F302x6/8 and STM32F302xD/E devices)

Set and cleared by software.
0: 12C3 clock disabled
1: 12C3 clock enabled

DAC1EN: DAC1 interface clock enable
Set and cleared by software.

0: DAC1 interface clock disabled

1: DAC1 interface clock enabled

PWREN: Power interface clock enable
Set and cleared by software.

0: Power interface clock disabled

1: Power interface clock enabled

Reserved, must be kept at reset value.

CANEN: CAN clock enable
Set and reset by software.
0: CAN clock disabled
1: CAN clock enabled

Reserved, must be kept at reset value.

USBEN: USB clock enable
Set and reset by software.
0: USB clock disabled
1: USB clock enabled

12C2EN: 12C2 clock enable
Set and cleared by software.

0: 12C2 clock disabled
1:12C2 clock enabled

12C1EN: 12C1 clock enable
Set and cleared by software.

0: 12C1 clock disabled
1:12C1 clock enabled

UARTSEN: UARTS5 clock enable (STM32F302xB/C/D/E devices only)
Set and cleared by software.

0: UARTS clock disabled

1: UARTS5 clock enabled

UART4EN: UART4 clock enable (STM32F302xB/C/D/E devices only)
Set and cleared by software.
0: UART4 clock disabled
1: UART4 clock enabled
USART3EN: USART3 clock enable
Set and cleared by software.

0: USART3 clock disabled
1: USART3 clock enabled
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Bit 17

Bit 16
Bit 15

Bit 14

Bits 13:12
Bit 11

Bits 10:5
Bit 4

Bit 3
Bit 2

Bit 1

Bit0
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USART2EN: USART2 clock enable
Set and cleared by software.
0: USART2 clock disabled
1: USART2 clock enabled

Reserved, must be kept at reset value.

SPI3EN: SPI3 clock enable
Set and cleared by software.
0: SPI3 clock disabled
1: SPI3 clock enabled

SPI2EN: SPI2 clock enable
Set and cleared by software.
0: SPI2 clock disabled
1: SPI2 clock enabled

Reserved, must be kept at reset value.

WWDGEN: Window watchdog clock enable
Set and cleared by software.

0: Window watchdog clock disabled

1: Window watchdog clock enabled

Reserved, must be kept at reset value.

TIM6EN: TIM6 timer clock enable
Set and cleared by software.

0: TIM6 clock disabled
1: TIM6 clock enabled

Reserved, must be kept at reset value.

TIM4EN: TIM4 timer clock enable (STM32F302xB/C/D/E devices only)
Set and cleared by software.

0: TIM4 clock disabled
1: TIM4 clock enabled

TIM3EN: TIM3 timer clock enable (STM32F302xB/C devices only)
Set and cleared by software.
0: TIM3 clock disabled
1: TIM3 clock enabled
TIM2EN: TIM2 timer clock enable
Set and cleared by software.

0: TIM2 clock disabled
1: TIM2 clock enabled
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949 RTC domain control register (RCC_BDCR)

Address offset: 0x20

Reset value: 0x0000 0018 (reset by RTC domain Reset)

Access: 0 < wait state < 3, word, half-word and byte access

Wait states are inserted in case of successive accesses to this register.

Note: The LSEON, LSEBYP, RTCSEL and RTCEN bits of the RTC domain control register
(RCC_BDCR) are in the RTC domain. As a result, after Reset, these bits are write-protected
and the DBP bit in the Power control register (PWR_CR) has to be set before these can be
modified. These bits are only reset after a RTC domain Reset (see Section 9.1.3: RTC
domain reset). Any internal or external reset does not have any effect on these bits.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
BDRST
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RTC LSE LSE
EN RTCSEL[1:0] LSEDRV[1:0] | 5Vp | mrpy |LSEON
w w w w w w r w

3

Bits 31:17 Reserved, must be kept at reset value.

Bit 16 BDRST: RTC domain software reset
Set and cleared by software.

0: Reset not activated
1: Resets the entire RTC domain

Bit 15 RTCEN: RTC clock enable
Set and cleared by software.

0: RTC clock disabled
1: RTC clock enabled

Bits 14:10 Reserved, must be kept at reset value.

Bits 9:8 RTCSEL[1:0]: RTC clock source selection

Set by software to select the clock source for the RTC. Once the RTC clock source has been
selected, it cannot be changed anymore unless the RTC domain is reset. The BDRST bit can

be used to reset them.
00: No clock
01: LSE oscillator clock used as RTC clock
10: LS| oscillator clock used as RTC clock

11: HSE oscillator clock divided by 32 used as RTC clock
Bits 7:5 Reserved, must be kept at reset value.

Bits 4:3 LSEDRV[1:0]: LSE oscillator drive capability

Set and reset by software to modulate the LSE oscillator’s drive capability. A reset of the RTC

domain restores the default value.
00: ‘Xtal mode’ lower driving capability
01: ‘Xtal mode’ medium high driving capability
10: ‘Xtal mode’ medium low driving capability
11: ‘Xtal mode’ higher driving capability (reset value)

Note: The oscillator is in Xtal mode when it is not in bypass mode.

RMO0365 Rev 8

147/1086




Reset and clock control (RCC)

RMO0365

Bit 2 LSEBYP: LSE oscillator bypass

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

0: LSE oscillator not bypassed
1: LSE oscillator bypassed

Bit 1 LSERDY: LSE 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: LSE oscillator not ready
1: LSE oscillator ready

Bit 0 LSEON: LSE oscillator enable
Set and cleared by software.
0: LSE oscillator OFF

1: LSE oscillator ON

9.4.10 Control/status register (RCC_CSR)
Address: 0x24
Reset value: 0x0CO00 0000 (reset by system Reset, except reset flags by power Reset only)
Access: 0 < wait state < 3, word, half-word and byte access
Wait states are inserted in case of successive accesses to this register.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
W
LPWR | WWDG SFT POR PIN OB V18PW
RSTF STF }\évsl:-)ﬁ; RSTF | RSTF | RSTF | LRSTF RMVF RRSTF
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
LSI
RDY LSION
r rw

148/1086

Bit 31 LPWRSTF: Low-power reset flag

Bit 30

Bit 29

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
For further information on low-power management reset, refer to Reset.

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

IWDGRSTF: Independent window watchdog reset flag

Set by hardware when an independent watchdog reset from Vpp domain occurs. Cleared by

writing to the RMVF bit.
0: No watchdog reset occurred
1: Watchdog reset occurred
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3

Bit 28

Bit 27

Bit 26

Bit 25

Bit 24

Bit 23

Bits 22:2
Bit 1

Bit 0

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

PORRSTF: POR/PDR flag

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

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

OBLRSTF: Option byte loader reset flag

Set by hardware when a reset from the OBL occurs. Cleared by writing to the RMVF bit.
0: No reset from OBL occurred
1: Reset from OBL occurred

RMVF: Remove reset flag

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

V18PWRRSTF: Reset flag of the 1.8 V domain.

Set by hardware when a POR/PDR of the 1.8 V domain occurred. Cleared by writing to the
RMVF bit.

0: No POR/PDR reset of the 1.8 V domain occurred
1: POR/PDR reset of the 1.8 V domain occurred
Note: On the STM32F3x8 products, this flag is reserved.

Reserved, must be kept at reset value.

LSIRDY: LSl oscillator ready

Set and cleared by hardware to indicate when the LSI oscillator is stable. After the LSION bit is
cleared, LSIRDY goes low after 3 LS| oscillator clock cycles.

0: LSI oscillator not ready
1: LSl oscillator ready

LSION: LSI oscillator enable
Set and cleared by software.
0: LSI oscillator OFF
1: LSl oscillator ON
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9.4.11 AHB peripheral reset register (RCC_AHBRSTR)

Address: 0x28
Reset value: 0x0000 0000

Access: no wait states, word, half-word and byte access

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ADC12 TSC |IOPGR| IOPF | IOPE | IOPD | IOPC | IOPB | IOPA |IOPHR
RST RST | sT™ | RST | RST | RST | RST | RST | RST | sT()
rw rw w w w w w w rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FMCR
st

1. Only on STM32F302xDxE.

Bits 31:29 Reserved, must be kept at reset value.

Bit 28 ADC12RST: ADC1 and ADC2 reset (only ADC1 on STM32F302x6/8 devices)
Set and reset by software.
0: does not reset the ADC1 and ADC2
1: resets the ADC1 and ADC2

Bits 27:25 Reserved, must be kept at reset value.

Bit 24 TSCRST: Touch sensing controller reset
Set and cleared by software.
0: No effect
1: Reset TSC

Bit 23 IOPGRST: I/O port G reset. (Only on STM32F302xDxE)
Set and cleared by software.
0: No effect
1: Reset I/O port G

Bit 22 IOPFRST: I/O port F reset
Set and cleared by software.
0: No effect
1: Reset I/O port F

Bit 21 OPERST: I/O port E reset (STM32F302xB/C devices only)
Set and cleared by software.

0: No effect
1: Reset I/O port E

Bit 20 IOPDRST: I/O port D reset
Set and cleared by software.
0: No effect
1: Reset I/O port D

Bit 19 IOPCRST: I/O port C reset
Set and cleared by software.
0: No effect
1: Reset I/O port C

3
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Bit 18 IOPBRST: I/O port B reset
Set and cleared by software.
0: No effect
1: Reset I/O port B

Bit 17 IOPARST: I/O port A reset
Set and cleared by software.
0: No effect
1: Reset I/O port A

Bit 16 IOPHRST: 1/O port H reset (Only on STM32F302xDxE).
Set and cleared by software.
0: No effect
1: Reset I/O port H

Bits 15:6 Reserved, must be kept at reset value.

Bit5 FMCRST: FMC reset (Only on STM32F302xDxE).
Set and cleared by software.
0: No effect
1: Reset FMC

Bits 4:0 Reserved, must be kept at reset value.

9.4.12 Clock configuration register 2 (RCC_CFGR2)
Address: 0x2C
Reset value: 0x0000 0000
Access: no wait states, word, half-word and byte access
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
ADC12PRES[4:0] PREDIV[3:0]
Bits 31:9 Reserved, must be kept at reset value.
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Bits 8:4 ADC12PRES: ADC12 prescaler (ADC1 prescaler in STM32F302x6/8)
Set and reset by software to control PLL clock to ADC12 division factor.
Oxxxx: ADC12 clock disabled, ADC12 can use AHB clock

10000: PLL clock divided by 1
10001: PLL clock divided by 2
10010: PLL clock divided by 4

10011:

PLL clock divided by 6

10100: PLL clock divided by 8
10101: PLL clock divided by 10

10110:
10111:
11000:

PLL clock divided by 12
PLL clock divided by 16
PLL clock divided by 32

11001: PLL clock divided by 64
11010: PLL clock divided by 128

11011:
others

Bits 3:0 PREDIV

PLL clock divided by 256
: PLL clock divided by 256

: PREDIV division factor

These bits are set and cleared by software to select PREDIV division factor. They can be

written o

nly when the PLL is disabled.

Note: Bit 0 is the same bit as bit17 in Clock configuration register (RCC_CFGR), so modifying

bit17 Clock configuration register (RCC_CFGR) also modifies bit 0 in Clock

configuration register 2 (RCC_CFGR?2) (for compatibility with other STM32 products)

0000:
0001:
0010:
0011:
0100:
0101:
0110:

HSE input to PLL not divided

HSE input to PLL divided by 2
HSE input to PLL divided by 3
HSE input to PLL divided by 4
HSE input to PLL divided by 5
HSE input to PLL divided by 6
HSE input to PLL divided by 7

0111: HSE input to PLL divided by 8

1000:
1001:
1010:
1011:
1100:
1101:
1110:

HSE input to PLL divided by 9

HSE input to PLL divided by 10
HSE input to PLL divided by 11
HSE input to PLL divided by 12
HSE input to PLL divided by 13
HSE input to PLL divided by 14
HSE input to PLL divided by 15

1111: HSE input to PLL divided by 16
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9.4.13 Clock configuration register 3 (RCC_CFGR3)
Address: 0x30
Reset value: 0x0000 0000
Access: no wait states, word, half-word and byte access
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TIM34 | TIM2 ] ] .~ | USART2SW[1:0]
sw | sw UART5SW[1:0] | UART4SW[1:0] |USART3SW[1:0]
w w w w w w rw w rw | w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
TIM17 TIM16 | TIM15 TIM1 12C3 12C2 12C1 .
SW SwW SW SwW SW SwW SW USART1SW[1:0]
w w w w w w w rw | w

1.

Only on STM32F302xDxE.

3

Bits 31:26 Reserved, must be kept at reset value.

Bit 25

Bit 24

Bits 23:22

Bits 21:20

TIM34SW: Timer34 clock source selection
Set and reset by software to select TIM34 clock source.
The bit is writable only when the following conditions occur: system clock source is the PLL
and AHB or APB2 subsystem clocks are not divided by more than 2 cumulatively.
The bit is reset by hardware when exiting from the previous condition (user must set the bit
again in case of a new switch is required)
0: PCLK2 clock (doubled frequency when prescaled) (default)
1: PLL vco output (running up to 144 MHz)
Note: STM32F302xDxE only.

TIM2SW: Timer2 clock source selection
Set and reset by software to select TIM2 clock source.

The bit is writable only when the following conditions occur: clock system = PLL, and AHB or
APB2 subsystem clocks are not divided by more than 2 cumulatively.

0: PCLK2 clock (doubled frequency when prescaled) (default)
1: PLL vco output (running up to 144 MHz)
Note: STM32F302xDxE only.

UART5SWI[1:0]: UARTS clock source selection (STM32F302xB/C devices only)
This bit is set and cleared by software to select the UARTS5 clock source.

00: PCLK selected as UARTS5 clock source (default)

01: System clock (SYSCLK) selected as UART5 clock

10: LSE clock selected as UARTS clock

11: HSI clock selected as UARTS clock

UART4SWI[1:0]: UART4 clock source selection (STM32F302xB/C devices only)
This bit is set and cleared by software to select the UART4 clock source.

00: PCLK selected as UART4 clock source (default)

01: System clock (SYSCLK) selected as UART4 clock

10: LSE clock selected as UART4 clock

11: HSI clock selected as UART4 clock
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Bits 19:18

Note:
Bits 17:16

Note:
Bits 15:14
Bit 13

Bit 12
Bit 11

Bit 10

Bit 9

USART3SWI[1:0]: USARTS clock source selection
This bit is set and cleared by software to select the USART3 clock source.
00: PCLK selected as USARTS3 clock source (default)
01: System clock (SYSCLK) selected as USART3 clock
10: LSE clock selected as USART3 clock
11: HSI clock selected as USART3 clock

USART3SW][1:0] is not available in the STM32F302x6/8

USART2SWI[1:0]: USART2 clock source selection
This bit is set and cleared by software to select the USART2 clock source.
00: PCLK selected as USART2 clock source (default)
01: System clock (SYSCLK) selected as USART2 clock
10: LSE clock selected as USART2 clock
11: HSI clock selected as USART2 clock

USART2SW][1:0] is not available in the STM32F302x6/8
Reserved, must be kept at reset value.

TIM17SW: Timer17 clock source selection
Set and reset by software to select TIM17 clock source.

The bit is writable only when the following conditions occur: system clock source is the PLL
and AHB or APB2 subsystem clocks are not divided by more than 2 cumulatively.

The bit is reset by hardware when exiting from the previous condition (user must set the bit
again in case of a new switch is required)

0: PCLK2 clock (doubled frequency when prescaled) (default)

1: PLL vco output (running up to 144 MHz)
Note: STM32F302x6/8 and STM32F302xD/E devices only.

Reserved, must be kept at reset value.

TIM16SW: Timer16 clock source selection
Set and reset by software to select TIM16 clock source.

The bit is writable only when the following conditions occur: system clock source is the PLL
and AHB or APB2 subsystem clocks are not divided by more than 2 cumulatively.

The bit is reset by hardware when exiting from the previous condition (user must set the bit
again in case of a new switch is required)

0: PCLK2 clock (doubled frequency when prescaled) (default)

1: PLL vco output (running up to 144 MHz)
Note: STM32F302x6/8 and STM32F302xD/E devices only.

TIM15SW: Timer15 clock source selection
Set and reset by software to select TIM15 clock source.

The bit is writable only when the following conditions occur: system clock source is the PLL
and AHB or APB2 subsystem clocks are not divided by more than 2 cumulatively.

The bit is reset by hardware when exiting from the previous condition (user must set the bit
again in case of a new switch is required)

0: PCLK2 clock (doubled frequency when prescaled) (default)

1: PLL vco output (running up to 144 MHz)
Note: STM32F302x6/8 and STM32F302xD/E devices only.

Reserved, must be kept at reset value.

3
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Bit 8 TIM1SW: Timer1 clock source selection
Set and reset by software to select TIM1 clock source.
The bit is writable only when the following conditions occur: clock system = PLL, and AHB
and APB2 subsystem clock not divided respect the clock system.

The bit is reset by hardware when exiting from the previous condition (user must set the bit
again in case of a new switch is required)

0: PCLK2 clock (doubled frequency when prescaled) (default)
1: PLL vco output (running up to 144 MHz)

Bit 7 Reserved, must be kept at reset value.

Bit 6 12C3SW: 12C3 clock source selection (STM32F302x6/8 devices only)
This bit is set and cleared by software to select the 12C3 clock source.

0: HSI clock selected as 12C3 clock source (default)
1: SYSCLK clock selected as 12C3 clock

Bit 5 12C2SW: 12C2 clock source selection
This bit is set and cleared by software to select the 12C2 clock source.

0: HSI clock selected as 12C2 clock source (default)
1: SYSCLK clock selected as 12C2 clock

Bit4 12C1SW: 12C1 clock source selection
This bit is set and cleared by software to select the 12C1 clock source.

0: HSI clock selected as 12C1 clock source (default)
1: SYSCLK clock selected as 12C1 clock

Bits 3:2 Reserved, must be kept at reset value.

Bits 1:0 USART1SWI[1:0]: USART1 clock source selection
This bit is set and cleared by software to select the USART1 clock source.
00: PCLK selected as USART1 clock source (default)
01: System clock (SYSCLK) selected as USART1 clock
10: LSE clock selected as USART1 clock
11: HSI clock selected as USART1 clock

9.4.14 RCC register map

Table 29. RCC register map and reset values

Offset| Register |5|2I%|8 K €(&|X|R|N(R|R|2|2|x|e[2/¥|2|e|r|2|o|n |~ 0| 0| |o|a|-|o
> |z z|Lalz >|=
[a)] > [a)]
RCC_CR €S 2lalE|2 HSICAL[7:0] HSITRIM[4:0] z|9
0x00 7z E12 |22 2\
Reset value olo OOOOxxx|x|x x|x|x1|0|0|00 1]1
S
T
< |0
S| = | O w _
2l & (2 mco |2 |E PLLMUL[3:0 21215 PPRE2 | PPRE1 SWs | sw
al o |= | : T .
008 RCCCFGR |0 H | 0] |4 |& 1 19| o [2:0] 2oy | HPREBOL | or | (o)
] % L N g = i =
z O |& |
s |5
(@]
s
Resetvalue |0[0]0|0 o|o|oooo|o|o|ooo o|o|o o|o|o |o|o|o o|o o|o
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Table 29. RCC register map and reset values (continued)

0 JAQHIST |© | 1SYOHOSAS |© | ISHznIL |o NIIVNG |© | NID4O0SAS |[o | NIZWIL |o | NO3ST |o NOIST o =y
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] 4880 |o Q
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Table 29. RCC register map and reset values (continued)

i o N OIWw o N OWn o

Offset| Register |513|QIQINISIQIIKRQS|RSIRT|RR2T2I |||~ |o|w|<|m|N|-|0
& |8 |5 |8 _ =
2| 2 2 = = < c|s . =lz |z %

==z = = = = == <
RCC_CFGR3 2z = |22 |3 3132l 2 |2z|2 ?
0x30 - S8 |12 | E|E S R R R A R ks s
=2 E | E | % |k S| |25 |F| |gEY o
FE1Z2 1213 | & = = S
o} D ) =] 3
Reset value 0 0 0 0 0 0|0 0 0(0]0 0]0

1. On STM32F302xB/C devices only.
2. On STM32F302x6/8 devices only.
3. On STM32F302xD/E only

Refer to Section 3.2 on page 51 for the register boundary addresses.
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General-purpose 1/0s (GPIO)

Introduction

Each general-purpose I/O port has four 32-bit configuration registers (GPIOx_MODER,
GPIOx_OTYPER, GPIOx_OSPEEDR and GPIOx_PUPDR), two 32-bit data registers
(GPIOx_IDR and GPIOx_ODR), a 32-bit set/reset register (GPIOx_BSRR), a 32-bit locking
register (GPIOx_LCKR) and two 32-bit alternate function selection registers (GPIOx_AFRH
and GPIOx_AFRL).

GPIO main features

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

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

e  Speed selection for each I/O

e Input states: floating, pull-up/down, analog

e Input data to input data register (GPIOx_IDR) or peripheral (alternate function input)
e Bit set and reset register (GPIOx_ BSRR) for bitwise write access to GPIOx_ODR

e Locking mechanism (GPIOx_LCKR) provided to freeze the port A, B, C,D, E, F, G, H
on STM32F302xD/E, A, B and D 1I/O configuration in STM32F302xB/C devices and
port A, B, C, D and F in STM32F302x6/8 devices.

¢ Analog function
e Alternate function selection registers
e  Fast toggle capable of changing every clock cycle

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

GPIO functional description

Subject to the specific hardware characteristics of each I/O port listed in the datasheet, each
port bit of the general-purpose 1/0 (GPIO) ports can be individually configured by software in
several modes:

e Input floating

e Input pull-up

e Input-pull-down

e Analog

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

e Output push-pull with pull-up or pull-down capability

e Alternate function push-pull with pull-up or pull-down capability
e Alternate function open-drain with pull-up or pull-down capability

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

Figure 17 and Figure 18 show the basic structures of a standard and a 5-Volt tolerant I/0O
port bit, respectively. Table 30 gives the possible port bit configurations.
Figure 17. Basic structure of an 1/O port bit
r—— - - - — — — — —/ Bl
To on-chip <Ana|og | |
peripheral 4 Alternate function input | |
5 : on/off :
ke
¢ Read g i )—“/_] i Vop Voo
s ~
g :%j | triager ’ ff| Protection
k7] | 2 | 99 onio | diode
> £
Write § g ——————————— - 110 pin
Ik wder vy o
& s oo on/ °ﬁ| Protection
i 3 ——[ P-mos v diode
3 Output | SS Vss
L | g control | A
Read/write N-MOS |
L Vss
. Push-pull,
From on-chi N
peripheral P Alternate function output gipszrt])_lgrdam or |
- = — — — === — - Analog
ai15938
Figure 18. Basic structure of a 5-Volt tolerant /O port bit
r—— - - - - - - - — A
To on-chip Analog | l
peripheral ] |
Alternate function input
= — | I
N on/off
Read % | !
< 2 - Ny - Voo £
< o f } Vpp Voo_FT
g | TTL Sh\'ttl |
14 3 ] chmi Protection
% 5 | trigger On/OffI diode
& = Input driver 0
) @ i _Inputdriver .
Write § % I— L 1/0 pin
£ 2 outputdriver vy ]
B £ oo on/ Off| _{ Protection
3 3 [ P-Mos diode
=] Output | ss VSS
£ trol A
Read/write 3 | on —[ N-Mos |
_— | |
From on-chip . Vss ’
peripheral Alternate function outpui Eg:rr:g;ﬂn or |
L — _ _ _ _ _disabled _ Analog
2i15939%b
1. Vpp pris a potential specific to 5-Volt tolerant I/Os and different from Vpp.
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Table 30. Port bit configuration table(!)
MC:1D:I(E);§(i) OTYPER(i) OSP{I:!EOI])R(i) PU[I;’%I]Q(i) 1/0 configuration

0 0 GP output PP
0 0 GP output PP + PU
0 1 GP output PP + PD
0 SPEED 1 Reserved

o 1 [1:0] 0 GP output oD
1 0 GP output OD + PU
1 1 GP output OD +PD
1 1 Reserved (GP output OD)
0 0 AF PP
0 0 AF PP + PU
0 1 AF PP + PD

10 0 SPEED 1 Reserved
1 (1:0] 0 AF oD
1 0 AF OD + PU
1 1 AF OD + PD
1 1 Reserved
X X X 0 Input Floating
X X X 0 Input PU

00
X X X 1 Input PD
X X X 1 Reserved (input floating)
X X X 0 Input/output Analog
X X X 0

1
X X X 1 Reserved
X X X 1

10.3.1

160/1086

1. GP = general-purpose, PP = push-pull, PU = pull-up, PD = pull-down, OD = open-drain, AF = alternate

function.

General-purpose 1/0 (GPIO)

During and just after reset, the alternate functions are not active and most of the 1/O ports
are configured in input floating mode.

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

When the pin is configured as output, the value written to the output data register
(GPIOx_ODR) is output on the 1/O pin. It is possible to use the output driver in push-pull
mode or open-drain mode (only the low level is driven, high level is HI-Z).

The input data register (GPIOx_IDR) captures the data present on the I/O pin at every AHB

clock cycle.
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All GPIO pins have weak internal pull-up and pull-down resistors, which can be activated or
not depending on the value in the GPIOx_PUPDR register.

10.3.2 I/0 pin alternate function multiplexer and mapping

3

The device I/O pins are connected to on-board peripherals/modules through a multiplexer
that allows only one peripheral alternate function (AF) connected to an I/O pin at a time. In
this way, there can be no conflict between peripherals available on the same 1/O pin.

Each I/0O pin has a multiplexer with up to sixteen alternate function inputs (AFO to AF15) that
can be configured through the GPIOx_AFRL (for pin 0 to 7) and GPIOx_AFRH (for pin 8 to
15) registers:

e  After reset the multiplexer selection is alternate function 0 (AFQ). The I/Os are
configured in alternate function mode through GPIOx_MODER register.

e The specific alternate function assignments for each pin are detailed in the device
datasheet.

In addition to this flexible I/O multiplexing architecture, each peripheral has alternate
functions mapped onto different I/O pins to optimize the number of peripherals available in
smaller packages.

To use an I/O in a given configuration, the user has to proceed as follows:

e Debug function: after each device reset these pins are assigned as alternate function
pins immediately usable by the debugger host

¢  GPIO: configure the desired 1/O as output, input or analog in the GPIOx_MODER
register.

e Peripheral alternate function:

—  Connect the I/O to the desired AFx in one of the GPIOx_AFRL or GPIOx_AFRH
register.

—  Select the type, pull-up/pull-down and output speed via the GPIOx_OTYPER,
GPIOx_PUPDR and GPIOx_OSPEEDER registers, respectively.

—  Configure the desired I/0 as an alternate function in the GPIOx_MODER register.
e Additional functions:

—  For the configure the desired I/O in analog mode in the GPIOx_MODER register
and configure the required function in the registers.

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

Refer to the “Alternate function mapping” table in the device datasheet for the detailed
mapping of the alternate function 1/O pins.
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10.3.3

10.3.4

10.3.5

10.3.6
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1/0 port control registers

Each of the GPIO ports has four 32-bit memory-mapped control registers (GPIOx_MODER,
GPIOx_OTYPER, GPIOx_OSPEEDR, GPIOx_PUPDR) to configure up to 16 I/Os. The
GPIOx_MODER register is used to select the I/0 mode (input, output, AF, analog). The
GPIOx_OTYPER and GPIOx_OSPEEDR registers are used to select the output type (push-
pull or open-drain) and speed. The GPIOx_PUPDR register is used to select the pull-
up/pull-down whatever the 1/O direction.

1/0 port data registers

Each GPIO has two 16-bit memory-mapped data registers: input and output data registers
(GPIOx_IDR and GPIOx_ODR). GPIOx_ODR stores the data to be output, it is read/write
accessible. The data input through the 1/O are stored into the input data register
(GPIOx_IDR), a read-only register.

See Section 10.4.5: GPIO port input data register (GPIOx_IDR) (x = A to H) and
Section 10.4.6: GPIO port output data register (GPIOx_ODR) (x = A to H) for the register
descriptions.

I/0 data bitwise handling

The bit set reset register (GPIOx_BSRR) is a 32-bit register which allows the application to
set and reset each individual bit in the output data register (GPIOx_ODR). The bit set reset
register has twice the size of GPIOx_ODR.

To each bit in GPIOx_ODR, correspond two control bits in GPIOx_BSRR: BS(i) and BR(i).
When written to 1, bit BS(i) sets the corresponding ODR(i) bit. When written to 1, bit BR(i)
resets the ODR(i) corresponding bit.

Writing any bit to 0 in GPIOx_BSRR does not have any effect on the corresponding bit in
GPIOx_ODR. If there is an attempt to both set and reset a bit in GPIOx_BSRR, the set
action takes priority.

Using the GPIOx_BSRR register to change the values of individual bits in GPIOx_ODR is a
“one-shot” effect that does not lock the GPIOx_ODR bits. The GPIOx_ODR bits can always
be accessed directly. The GPIOx_BSRR register provides a way of performing atomic
bitwise handling.

There is no need for the software to disable interrupts when programming the GPIOx_ODR
at bit level: it is possible to modify one or more bits in a single atomic AHB write access.

GPIO locking mechanism

by applying a specific write sequence to the GPIOx_LCKR register. The frozen registers are
GPIOx_MODER, GPIOx_OTYPER, GPIOx_OSPEEDR, GPIOx_PUPDR, GPIOx_AFRL
and GPIOx_AFRH.

To write the GPIOx_LCKR register, a specific write / read sequence has to be applied. When
the right LOCK sequence is applied to bit 16 in this register, the value of LCKR[15:0] is used
to lock the configuration of the I/Os (during the write sequence the LCKR[15:0] value must
be the same). When the LOCK sequence has been applied to a port bit, the value of the port
bit can no longer be modified until the next MCU reset or peripheral reset. Each
GPIOx_LCKR bit freezes the corresponding bit in the control registers (GPIOx_MODER,
GPIOx_OTYPER, GPIOx_OSPEEDR, GPIOx_PUPDR, GPIOx_AFRL and GPIOx_AFRH.
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10.3.7

10.3.8

10.3.9

3

The LOCK sequence (refer to Section 10.4.8: GPIO port configuration lock register
(GPIOx_LCKR) (x = Ato H)) can only be performed using a word (32-bit long) access to the
GPIOx_LCKR register due to the fact that GPIOx_LCKR bit 16 has to be set at the same
time as the [15:0] bits.

For more details refer to LCKR register description in Section 10.4.8: GPIO port
configuration lock register (GPIOx_LCKR) (x =Ato H).

1/0 alternate function input/output

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

This means that a number of possible peripheral functions are multiplexed on each GPIO
using the GPIOx_AFRL and GPIOx_AFRH alternate function registers. The application can
thus select any one of the possible functions for each 1/0. The AF selection signal being
common to the alternate function input and alternate function output, a single channel is
selected for the alternate function input/output of a given 1/O.

To know which functions are multiplexed on each GPIO pin refer to the device datasheet.

External interrupt/wakeup lines

All ports have external interrupt capability. To use external interrupt lines, the port must be
configured in input mode.

Refer to Section 13.2: Extended interrupts and events controller (EXTI) and to
Section 13.2.3: Wakeup event management.

Input configuration

When the 1/O port is programmed as input:
e  The output buffer is disabled
e  The Schmitt trigger input is activated

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

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

e Aread access to the input data register provides the 1/O state

Figure 19 shows the input configuration of the I/O port bit.
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Figure 19. Input floating/pull up/pull down configurations
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10.3.10 Output configuration

When the 1/O port is programmed as output:

164/1086

The output buffer is enabled:

—  Open drain mode: A “0” in the Output register activates the N-MOS whereas a “1”
in the Output register leaves the port in Hi-Z (the P-MOS is never activated)

—  Push-pull mode: A “0” in the Output register activates the N-MOS whereas a “1” in
the Output register activates the P-MOS

The Schmitt trigger input is activated

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

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

Aread access to the input data register gets the 1/O state
A read access to the output data register gets the last written value

3
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Figure 20 shows the output configuration of the 1/0O port bit.
Figure 20. Output configuration
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10.3.11  Alternate function configuration

3

When the 1/O port is programmed as alternate function:
The output buffer can be configured in open-drain or push-pull mode

The output buffer is driven by the signals coming from the peripheral (transmitter
enable and data)

The Schmitt trigger input is activated

The weak pull-up and pull-down resistors are activated or not depending on the value
in the GPIOx_PUPDR register

The data present on the 1/O pin are sampled into the input data register every AHB

clock cycle

Aread access to the input data register gets the 1/O state
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Figure 21 shows the alternate function configuration of the 1/O port bit.

Figure 21.
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10.3.12 Analog configuration
When the 1/O port is programmed as analog configuration:
e  The output buffer is disabled
e  The Schmitt trigger input is deactivated, providing zero consumption for every analog
value of the I/O pin. The output of the Schmitt trigger is forced to a constant value (0).
e  The weak pull-up and pull-down resistors are disabled by hardware
e Read access to the input data register gets the value “0”
Figure 22 shows the high-impedance, analog-input configuration of the 1/0 port bits.
Figure 22. High impedance-analog configuration
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10.3.13 Using the HSE or LSE oscillator pins as GPIOs
When the HSE or LSE oscillator is switched OFF (default state after reset), the related
oscillator pins can be used as normal GPIOs.
When the HSE or LSE oscillator is switched ON (by setting the HSEON or LSEON bit in the
RCC_CSR register) the oscillator takes control of its associated pins and the GPIO
configuration of these pins has no effect.
When the oscillator is configured in a user external clock mode, only the pin is reserved for
clock input and the OSC_OUT or OSC32_OUT pin can still be used as normal GPIO.
10.3.14 Using the GPIO pins in the RTC supply domain
The PC13/PC14/PC15 GPIO functionality is lost when the core supply domain is powered
off (when the device enters Standby mode). In this case, if their GPIO configuration is not
bypassed by the RTC configuration, these pins are set in an analog input mode.
For details about 1/O control by the RTC, refer to Section 27.3: RTC functional description.
10.4 GPIO registers
For a summary of register bits, register address offsets and reset values, refer to Table 31.
The peripheral registers can be written in word, half word or byte mode.
10.4.1 GPIO port mode register (GPIOx_MODER)
(x =A to H)
Address offset:0x00
Reset value: 0xA800 0000 for port A
Reset value: 0x0000 0280 for port B
Reset value: 0x0000 0000 for other ports
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MODER15[1:0] | MODER14[1:0] | MODER13[1:0] | MODER12[1:0] | MODER11[1:0] | MODER10[1:0] | MODER9[1:0] | MODERS[1:0]
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
MODERT7[1:0] MODER®6[1:0] MODERS5[1:0] MODERA4[1:0] MODERS3[1:0] MODERZ2[1:0] MODER1[1:0] MODERO[1:0]

Bits 31:0 MODER[15:0][1:0]: Port x configuration 1/0O piny (y = 15 to 0)
These bits are written by software to configure the I/O mode.
00: Input mode (reset state)

3

01: General purpose output mode

10: Alternate function mode
11: Analog mode
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10.4.2 GPIO port output type register (GPIOx_OTYPER)
(x =Ato H)
Address offset: 0x04
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OT15 | OT14 | OT13 | OT12 | OT11 | OT10 | OT9 | OT8 | OT7 | OT6 | OT5 | OT4 | OT3 | OT2 | OT1 | OTO
w w rw w w w w w w w w w w w rw rw
Bits 31:16 Reserved, must be kept at reset value.
Bits 15:0 OT[15:0]: Port x configuration I/O piny (y = 15 to 0)
These bits are written by software to configure the 1/0 output type.
0: Output push-pull (reset state)
1: Output open-drain
10.4.3 GPIO port output speed register (GPIOx_OSPEEDR)
(x =AtoH)
Address offset: 0x08
Reset value: 0xC000 0000 (for port A)
Reset value: 0x0000 00CO (for port B)
Reset value: 0x0000 0000 (for other ports)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
OSPEEDR15 | OSPEEDR14 | OSPEEDR13 | OSPEEDR12 | OSPEEDR11 | OSPEEDR10 | OSPEEDRY | OSPEEDRS
[1:0] [1:0] [1:0] [1:0] [1:0] [1:0] [1:0] [1:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OSPEEDR7 OSPEEDR6 OSPEEDRS5 OSPEEDR4 OSPEEDR3 OSPEEDR2 OSPEEDR1 | OSPEEDRO
[1:0] [1:0] [1:0] [1:0] [1:0] [1:0] [1:0] [1:0]

Bits 31:0 OSPEEDR][15:0][1:0]: Port x configuration I/O piny (y = 15 to 0)
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These bits are written by software to configure the 1/O output speed.
x0: Low speed

01: Medium speed

11: High speed
Note: Refer to the device datasheet for the frequency specifications and the power supply
and load conditions for each speed..
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10.4.4 GPIO port pull-up/pull-down register (GPIOx_PUPDR)
(x =Ato H)
Address offset: 0x0C
Reset value: 0x6400 0000 (for port A)
Reset value: 0x0000 0100 (for port B)
Reset value: 0x0CO00 0000 (for other ports)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PUPDR15[1:0] | PUPDR14[1:0] | PUPDR13[1:0] | PUPDR12[1:0] | PUPDR11[1:0] | PUPDR10[1:0] | PUPDR9[1:0] | PUPDRS[1:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PUPDR7[1:0] | PUPDR6[1:0] | PUPDR5[1:0] | PUPDR4[1:0] | PUPDR3[1:0] | PUPDR2[1:0] | PUPDR1[1:0] | PUPDRO[1:0]

Bits 31:0 PUPDR[15:0][1:0]: Port x configuration I/O piny (y = 15 to 0)
These bits are written by software to configure the 1/0O pull-up or pull-down
00: No pull-up, pull-down
01: Pull-up
10: Pull-down
11: Reserved
10.4.5 GPIO port input data register (GPIOx_IDR)
(x =Ato H)
Address offset: 0x10
Reset value: 0x0000 XXXX
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IDR15 | IDR14 | IDR13 | IDR12 | IDR11 | IDR10 | IDR9 | IDR8 | IDR7 | IDR6 | IDR5 | IDR4 | IDR3 | IDR2 | IDR1 | IDRO
r r r r r r r r r r r r r r r r

Bits 31:16 Reserved, must be kept at reset value.

Bits 15:0 IDR[15:0]: Port x input data I/O piny (y = 15 to 0)
These bits are read-only. They contain the input value of the corresponding 1/O port.

3
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10.4.6 GPIO port output data register (GPIOx_ODR)
(x =Ato H)

Address offset: 0x14
Reset value: 0x0000 0000

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

ODR15 | ODR14 | ODR13 | ODR12 | ODR11 | ODR10 | ODR9 | ODR8 | ODR7 | ODR6 | ODR5 | ODR4 | ODR3 | ODR2 | ODR1 | ODRO

Bits 31:16 Reserved, must be kept at reset value.

Bits 15:0 ODR[15:0]: Port output data I/O pin 'y (y = 15 to 0)
These bits can be read and written by software.

Note: For atomic bit set/reset, the ODR bits can be individually set and/or reset by writing to
the GPIOx_BSRR register (x = A..FA to H).

10.4.7 GPIO port bit set/reset register (GPIOx_BSRR)
(x=Ato H)
Address offset: 0x18
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
BR15 | BR14 | BR13 | BR12 | BR11 BR10 BR9 BR8 BR7 BR6 BR5 BR4 BR3 BR2 BR1 BRO

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

BS15 | BS14 | BS13 | BS12 | BS11 BS10 BS9 BS8 BS7 BS6 BS5 BS4 BS3 BS2 BS1 BSO

Bits 31:16 BR[15:0]: Port x reset /0 piny (y = 15 to 0)
These bits are write-only. A read to these bits returns the value 0x0000.

0: No action on the corresponding ODRX bit
1: Resets the corresponding ODRXx bit

Note: If both BSx and BRx are set, BSx has priority.

Bits 15:0 BS[15:0]: Port x set I/0 piny (y = 15 to 0)
These bits are write-only. A read to these bits returns the value 0x0000.

0: No action on the corresponding ODRX bit
1: Sets the corresponding ODRXx bit

10.4.8 GPIO port configuration lock register (GPIOx_LCKR)
(x=Ato H)

x=A, B and D in STM32F302xB/C devices, x= A, B, C, D and F in STM32F302x6/8 devices
andx=A,B,C,D, E, F, G, Hin STM32F302xD/E devices.
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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, the value of this port bit can no longer be
modified until the next MCU reset or peripheral reset.

Note: A specific write sequence is used to write to the GPIOx_LCKR register. Only word access
(32-bit long) is allowed during this locking sequence.

Each lock bit freezes a specific configuration register (control and alternate function
registers).
Address offset: 0x1C
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LCKK
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LCK15 | LCK14 | LCK13 | LCK12 | LCK11 | LCK10 | LCK9 | LCK8 | LCK7 | LCK6 | LCK5 | LCK4 | LCK3 | LCK2 | LCK1 | LCKO
rw w w w rw w w rw w w w w w w w w

3

Bits 31:17 Reserved, must be kept at reset value.

Bit 16 LCKK: Lock key
This bit can be read any time. It can only be modified using the lock key write sequence.
0: Port configuration lock key not active
1: Port configuration lock key active. The GPIOx_LCKR register is locked until the next MCU
reset or peripheral reset.
LOCK key write sequence:
WR LCKR[16] = 1 + LCKR[15:0]
WR LCKR[16] = 0 + LCKR[15:0]
WR LCKR[16] = 1 + LCKR[15:0]
RD LCKR
RD LCKR[16] = 1 (this read operation is optional but it confirms that the lock is active)
Note: During the LOCK key write sequence, the value of LCK[15:0] must not change.
Any error in the lock sequence aborts the lock.
After the first lock sequence on any bit of the port, any read access on the LCKK bit
returns 1 until the next MCU reset or peripheral reset.

Bits 15:0 LCK[15:0]: Port x lock I/O piny (y = 15 to 0)

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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10.4.9 GPIO alternate function low register (GPIOx_AFRL)
(x =Ato H)
Address offset: 0x20
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
AFR7[3:0] AFR6[3:0] AFR5[3:0] AFRA4[3:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AFR3[3:0] AFR2[3:0] AFR1[3:0] AFRO[3:0]
10.4.10 GPIO alternate function high register (GPIOx_AFRH)
(x =Ato H)
Address offset: 0x24
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
AFR15[3:0] AFR14[3:0] AFR13[3:0] AFR12[3:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AFR11[3:0] AFR10[3:0] AFR9[3:0] AFR8[3:0]
10.4.11  GPIO port bit reset register (GPIOx_BRR) (x = A to H)
Address offset: 0x28
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BR15 | BR14 | BR13 | BR12 | BR11 | BR10 | BR9 | BR8 | BR7 | BR6 | BRS | BR4 | BR3 | BR2 | BR1 | BRO
w w w w w w w w w w w w w w w w
Bits 31:16 Reserved, must be kept at reset value.
Bits 15:0 BR[15:0]: Port x reset IO piny (y = 15 to 0)
These bits are write-only. A read to these bits returns the value 0x0000.
0: No action on the corresponding ODx bit
1: Reset the corresponding ODx bit
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GPIO register map

10.4.12

The following table gives the GPIO register map and reset values.

Table 31. GPIO register map and reset values
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Table 31. GPIO register map and reset values (continued)

Offset| Register name | 52|22 & || 2|3 (2|85 2|2/ 2|x| 2|2 2|2| |2 |o| 0|~ 00| < o|a| - |o
el ||l |9 |2 |g|lglg|lg|lg|leg|lg|ag|la|g

Iy F S ~ = S = = = = = = = = = =

GPIOBPUPIR | ¥ | ¥ |z |z |l |z |2 |2 |2 |& |2 | |8 |& | |&

0x0C - Ia) Ia) o o ) o [a] [a) o [m) [a] [a] [=) =) =) =)
2 2 2 2 g 2 [ a g | o a [ [ a a a

g g g g 3 g S > S | > S S S | S > >

2 2 2 2 2 z a a g | & T a T a a a
Reset value ojo|0|j0|O|jO|OfOfOfO|O|O|O|O|O|O|JO|O|O|O|O|OfO|1T|O|O|OJO]|O|O|O]|O

O[5 o || [« o -
GPIOx_IDR rlrlElzEEIRIRIRIR2IZ IR |2 |R 2 @
0x10 (where x = A..F) clolcolalalale|lelelelelele|e|e|a
Reset value X|X|X|X|x[X]|x|[Xx]|xX]|x|x|x|[x|x|[x]|x

o[« [ [N [« |[© -
ox14 | (wherex=A.F) 31818181818 |clelolelolelole|o|o
Reset value o|ojo0|0|0O|jOfO|O|O|O|O]|O]|O|O|O]|O
croxpsrr ez 2 e el lelb lelez 2R e e B REE R B ks B RIa R 8
0x18 (where x=A.F) |& X & & & X |5 |6 |6 |6 |0 |0 |6 |0 |6 |68 |B (R (RR|R (2|00 |0 |0 ||| |a|d|a
Reset value ojo|0|j0|O0O|jO|OfOfOfO|O|O|O|O|O|JO|JO|O|O|O|O|OfO|O|O|O|OJO]|O|O|O]|O

O |« | |~ [« [© -
GPIOX_LCKR | ST TR CIREREREICRKE
oxic | (where x= see () SEBIBIBIBIEIRIEIERREIRIGIER
Reset value ojojo|ofofO|O|OfO|O|O|O|O|OfOfO|O
GPIOx_AFRL AFRLAFR7 | AFRLAFR6 | AFRLAFR5 | AFRLAFR4 | AFRLAFR3 | AFRLAFR2 | AFRLAFR1 | AFRLAFRO

0x20 | (where x = A..F) [3:0] [3:0] [3:0] [3:0] [3:0] [3:0] [3:0] [3:0]
Reset value 0|0|0|0 0|0|0|0 0|0|0|0 0|0|0|0 0|0|0|0 0|0|0|0 0|0|0|0 0|0|0|0
GPIOx_AFRH AFRHAFR15 | AFRHAFR14 | AFRHAFR13 | AFRHAFR12 | AFRHAFR11 | AFRHAFR10 | AFRHAFR9 | AFRHAFR8

o0x24 | (where x = A..F) [3:0] [3:0] [3:0] [3:0] [3:0] [3:0] [3:0] [3:0]
Reset value 0|0|0|0 0|0|0|0 0|0|0|0 0|0|0|0 0|0|0|0 0|0|0|0 0|0|0|0 0|0|0|0

1. A, Band D in STM32F302xB/C, A, B, C, D and F in STM32F302x6/8.

Refer to Section 3.2 on page 51 for the register boundary addresses.
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RMO0365 System configuration controller (SYSCFG)

1 System configuration controller (SYSCFQG)

The STM32F302xx devices feature a set of configuration registers. The main purposes of
the system configuration controller are the following:

e  Enabling/disabling I°C Fm+ on some 1/O ports

¢ Remapping some DMA trigger sources from TIM16, TIM17, TIM6, DAC1_CH1 and
ADC?2 to different DMA channels

e Remapping the memory located at the beginning of the code area
e Managing the external interrupt line connection to the GPIOs

e Remapping TIM1 ITR3 source

¢ Remapping DAC1 triggers

e  Managing robustness feature

e  Configuring encoder mode

11.1 SYSCFG registers

1.11 SYSCFG configuration register 1 (SYSCFG_CFGR1)

This register is used for specific configurations on memory remap.

Two bits are used to configure the type of memory accessible at address 0x0000 0000.
These bits are used to select the physical remap by software and so, bypass the BOOT pin
and the option bit setting.

After reset these bits take the value selected by the BOOT pin (BOOTO0) and by the option
bit (BOOT1).

Address offset: 0x00
Reset value: 0x7C00 000X (X is the memory mode selected by the BOOTO pin and BOOT1

option bit)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
2c_ | 12c_ | 12c_ | 12c_
FPU_IE[5..0] ',2:%?;,— EN&SBER— 'ﬁfﬁ; "2:%1':— PBY9_ | PBS_ | PB7_ | PB6_
FMP | FMP | FMP | FMP
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TIM6_ ADC2_ | DAC MEM
DAGT |TIM17_| TIM16_ _ _ | TiM1_ | usB_ _
OMA~| DMA | DMA DMA_ | TRIG_ | ITR3_ | IT_ MODE | MEM_MODE
~| RMP | RMP RMP( | RMP( | RMP | RMP @
RMP
rw rw w w rw rw w rw w
1. These bits are reserved in STM32F302x6/x8
2. Only for STM32F302xD/E devices
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Bits 31:26

Bit 25
Bit 24

Bits 23:22

Bit 21

Bit 20

Bits 19:16

Bit 13

Bit 12

FPU_IE[5..0]: Floating Point Unit interrupts enable bits
FPU_IE[5]: Inexact interrupt enable

FPU_IE[4]: Input normal interrupt enable

FPU_IE[3]: Overflow interrupt enable

FPU_IE[2]: underflow interrupt enable

FPU_IE[1]: Divide-by-zero interrupt enable

FPU_IE[O]: Invalid operation interrupt enable

Reserved, must be kept at reset value.

12C3_FMP: 12C3 fast mode Plus driving capability activation (STM32F302x6/8 devices only)

This bit is set and cleared by software. It enables the Fm+ on 12C3 pins selected through AF
selection bits.
0: Fm+ mode is not enabled on 12C3 pins selected through AF selection bits

1: Fm+ mode is enabled on I12C3 pins selected through AF selection bits.

ENCODER_MODE: Encoder mode

This bit is set and cleared by software.
00: No redirection.
01: TIM2 IC1 and TIM2 IC2 are connected to TIM15 IC1 and TIM15 IC2 respectively.
10: TIM3 IC1 and TIM3 IC2 are connected to TIM15 IC1 and TIM15 IC2
respectively (STM32F302xB/C devices only).
11: TIM4 1C1 and TIM4 IC2 are connected to TIM15 IC1 and TIM15 IC2
respectively(STM32F302xB/C devices only).

12C2_FMP: 12C2 fast mode Plus driving capability activation

This bit is set and cleared by software. It enables the Fm+ on 12C2 pins selected through AF
selection bits.

0: Fm+ mode is not enabled on 12C2 pins selected through AF selection bits
1: Fm+ mode is enabled on 12C2 pins selected through AF selection bits.

12C1_FMP: 12C1 Fm+ driving capability activation

This bit is set and cleared by software. It enables the Fm+ on I12C1 pins selected through AF
selection bits.

0: Fm+ mode is not enabled on 12C1 pins selected through AF selection bits
1: Fm+ mode is enabled on 12C1 pins selected through AF selection bits.

12C_PBx_FMP: Fm+ driving capability activation on the pad

These bits are set and cleared by software. Each bit enables I2C Fm+ mode for PB6, PB7,
PB8, and PB9 1/Os.

0: PBx pin operates in standard mode (Sm), x = 6..9
1: 12C Fm+ mode enabled on PBx pin, and the Speed control is bypassed.

TIM6_DAC1_CH1_DMA_RMP: TIM6 and DAC channel1 DMA remap

This bit is set and cleared by software. It controls the remapping of TIM6 (UP) and DAC
channel1 DMA request.

0: No remap (TIM6_UP and DAC_CH1 DMA requests mapped on DMA2 channel 3 in
STM32F302xB/C)
1: Remap (TIM6_UP and DAC_CH1 DMA requests mapped on DMA1 channel 3)

Note: In STM32F302x6/8, this bit must be set as there is no DMAZ2 in these products.

TIM17_DMA_RMP: TIM17 DMA request remapping bit

This bit is set and cleared by software. It controls the remapping of TIM17 DMA request.
0: No remap (TIM17_CH1 and TIM17_UP DMA requests mapped on DMA1 channel 1)
1: Remap (TIM17_CH1 and TIM17_UP DMA requests mapped on DMA1 channel 7)
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Bit 11 TIM16_DMA_RMP: TIM16 DMA request remapping bit
This bit is set and cleared by software. It controls the remapping of TIM16 DMA request.
0: No remap (TIM16_CH1 and TIM16_UP DMA requests mapped on DMA1 channel 3)
1: Remap (TIM16_CH1 and TIM16_UP DMA requests mapped on DMA1 channel 6)

Bits 10:9 Reserved, must be kept at reset value.

Bit 8 ADC2_DMA_RMP: ADC2 DMA remapping bit (STM32F302xB/C/D/E devices only)
This bit is set and cleared by software. It controls the remapping of ADC24 DMA requests.
0: No remap (ADC24 DMA requests mapped on DMA2 channels 1 and 2)
1: Remap (ADC24 DMA requests mapped on DMA2 channels 3 and 4)

Bit 7 DAC1_TRIG_RMP: DAC trigger remap (when TSEL = 001) (STM32F302xB/C/D/E devices
only)
This bit is set and cleared by software. It controls the mapping of the DAC trigger source.

0: No remap
1: Remap (DAC trigger is TIM3_TRGO)

Bit6 TIM1_ITR3_RMP: Timer 1 ITR3 selection
This bit is set and cleared by software. It controls the mapping of TIM1 ITR3.
0: No remap (TIM1_ITR3 = TIM4_TRGO in STM32F302xB/C/D/E devices)
1: Remap (TIM1_ITR3 = TIM17_OC)
Bits 5:3 Reserved, must be kept at reset value.

Bits 2:0 MEM_MODE: Memory mapping selection bits

This bit is set and cleared by software. It controls the memory internal mapping at address
0x0000 0000. After reset these bits take on the memory mapping selected by BOOTO pin and
BOOT1 option bit.

0x0: Main Flash memory mapped at 0x0000 0000

001: System Flash memory mapped at 0x0000 0000

011: Embedded SRAM (on the D-Code bus) mapped at 0x0000 0000

1xx: FMC Bank (Only the first two banks) (Available on STM32F302xD/E only).

11.1.2 SYSCFG external interrupt configuration register 1
(SYSCFG_EXTICR1)

Address offset: 0x08
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EXTI3[3:0] EXTI2[3:0] EXTI[3:0] EXTIO[3:0]
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Bits 31:16 Reserved, must be kept at reset value.

Bits 15:12 EXTI3[3:0]: EXTI 3 configuration bits

These bits are written by software to select the source input for the EXTI3 external
interrupt.

x000: PA[3] pin

x001: PB[3] pin

x010: PC[3] pin

x011: PD[3] pin

x100: PE[3] pin

other configurations: reserved

Bits 11:8 EXTI2[3:0]: EXTI 2 configuration bits
These bits are written by software to select the source input for the EXTI2 external
interrupt.
x000: PA[2] pin
x001: PB[2] pin
x010: PC[2] pin
x011: PD[2] pin
x100: PE[2] pin
x101: PF[2] pin
other configurations: reserved

Bits 7:4 EXTI1[3:0]: EXTI 1 configuration bits
These bits are written by software to select the source input for the EXTI1 external
interrupt.
x000: PA[1] pin
x001: PB[1] pin
x010: PC[1] pin
x011: PD[1] pin
x100: PE[1] pin
x101: PF[1] pin
other configurations: reserved

Bits 3:0 EXTIO[3:0]: EXTI O configuration bits
These bits are written by software to select the source input for the EXTIO external
interrupt.
x000: PA[O] pin
x001: PB[0] pin
x010: PCI[0] pin
x011: PD[0] pin
x100: PEJ[0] pin
x101: PF[0] pin
other configurations: reserved
Note: Some of the I/O pins mentioned in the above register may not be available
on small packages.

1.1.3 SYSCFG external interrupt configuration register 2
(SYSCFG_EXTICR2)

3
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Address offset: 0x0C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EXTI7[3:0] EXTI6[3:0] EXTI5[3:0] EXTI4[3:0]

Bits 31:16 Reserved, must be kept at reset value.

Bits 15:12 EXTI7[3:0]: EXTI 7 configuration bits

These bits are written by software to select the source input for the EXTI7 external
interrupt.

x000: PA[7] pin

x001: PB[7] pin

x010: PC[7] pin

x011: PD[7] pin

x100: PE[7] pin

Other configurations: reserved

Bits 11:8 EXTI6[3:0]: EXTI 6 configuration bits

These bits are written by software to select the source input for the EXTI6 external
interrupt.

x000: PA[6] pin

x001: PB[6] pin

x010: PC[6] pin

x011: PD[6] pin

x100: PE[6] pin

x101: PF[6] pin

Other configurations: reserved

Bits 7:4 EXTI5[3:0]: EXTI 5 configuration bits

These bits are written by software to select the source input for the EXTI5 external
interrupt.

x000: PA[5] pin

x001: PB[5] pin

x010: PC[5] pin

x011: PD[5] pin

x100: PE[5] pin

x101: PF[5] pin

Other configurations: reserved

Bits 3:0 EXTI4[3:0]: EXTI 4 configuration bits

These bits are written by software to select the source input for the EXTI4 external
interrupt.

x000: PA[4] pin

x001: PB[4] pin

x010: PC[4] pin

x011: PD[4] pin

x100: PE[4] pin

x101: PF[4] pin

Other configurations: reserved

3
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Note: Some of the I/O pins mentioned in the above register may not be available on small
packages.

1.1.4 SYSCFG external interrupt configuration register 3
(SYSCFG_EXTICR3)

Address offset: 0x10
Reset value: 0x0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EXTI11[3:0] EXTI10[3:0] EXTI9[3:0] EXTI8[3:0]

180/1086

Bits 31:16 Reserved, must be kept at reset value.

Bits 15:12 EXTI11[3:0]: EXTI 11 configuration bits

These bits are written by software to select the source input for the EXTI11 external
interrupt.

x000: PA[11] pin

x001: PB[11] pin

x010: PC[11] pin

x011: PD[11] pin

x100: PE[11] pin

other configurations: reserved

Bits 11:8 EXTI10[3:0]: EXTI 10 configuration bits

These bits are written by software to select the source input for the EXTI10
external interrupt.

x000: PA[10] pin

x001: PB[10] pin

x010: PC[10] pin

x011:PD[10] pin

x100:PE[10] pin

x101:PF[10] pin

other configurations: reserved

Bits 7:4 EXTI9[3:0]: EXTI 9 configuration bits
These bits are written by software to select the source input for the EXTI9 external
interrupt.
x000: PA[9] pin
x001: PB[9] pin
x010: PC[9] pin
x011: PD[9] pin
x100: PE[9] pin
x101: PF[9] pin
other configurations: reserved

3
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Bits 3:0 EXTI8[3:0]: EXTI 8 configuration bits
These bits are written by software to select the source input for the EXTI8 external
interrupt.
x000: PA[8] pin
x001: PB[8] pin
x010: PC[8] pin
x011: PD[8] pin
x100: PE[8] pin
other configurations: reserved

Note: Some of the I/O pins mentioned in the above register may not be available on small
packages.

1.1.5 SYSCFG external interrupt configuration register 4
(SYSCFG_EXTICR4)

Address offset: 0x14
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EXTI15[3:0] EXTI14[3:0] EXTI13[3:0] EXTI12[3:0]

Bits 31:16 Reserved, must be kept at reset value.

Bits 15:12 EXTI15[3:0]: EXTI15 configuration bits

These bits are written by software to select the source input for the EXTI15 external
interrupt.

x000: PA[15] pin

x001: PB[15] pin

x010: PC[15] pin

x011: PD[15] pin

x100: PE[15] pin

Other configurations: reserved

3
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Bits 11:8 EXTI14[3:0]: EXTI14 configuration bits

These bits are written by software to select the source input for the EXTI14 external
interrupt.

x000: PA[14] pin

x001: PB[14] pin

x010: PC[14] pin

x011: PD[14] pin

x100: PE[14] pin

Other configurations: reserved

Bits 7:4 EXTI13[3:0]: EXTI13 configuration bits
These bits are written by software to select the source input for the EXTI13 external
interrupt.
x000: PA[13] pin
x001: PB[13] pin
x010: PC[13] pin
x011: PD[13] pin
x100: PE[13] pin
Other configurations: reserved

Bits 3:0 EXTI12[3:0]: EXTI12 configuration bits

These bits are written by software to select the source input for the EXTI12 external
interrupt.

x000: PA[12] pin

x001: PB[12] pin

x010: PC[12] pin

x011: PD[12] pin

x100: PE[12] pin

Other configurations: reserved

Note: Some of the I/O pins mentioned in the above register may not be available on small
packages.

11.1.6 SYSCFG configuration register 2 (SYSCFG_CFGR2)
Address offset: 0x18

System reset value: 0x0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
SRAM_
SRAM_ BYP_ADDR PVD_ [PARITY | LOCKUP
pEf(M PAR(" LOCK | _LOCK| _LOCK
- 1)
rc_wi w w w w

1. Available in STM32F302xB/xC/D/E only.

3
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Bits 31:9
Bit 8

Bits 7:5
Bit 4

Bit 3
Bit 2

Bit 1

Bit 0

Reserved, must be kept at reset value

SRAM_PEF: SRAM parity error flag (STM32F302xB/C/D/E devices only)
This bit is set by hardware when an SRAM parity error is detected. It is cleared by
software by writing ‘1°.

0: No SRAM parity error detected

1: SRAM parity error detected

Reserved, must be kept at reset value

BYP_ADDR_PAR: Bypass address bit 29 in parity calculation
(STM32F302xB/C/D/E devices only)
This bit is set by software and cleared by a system reset. It is used to prevent an
unwanted parity error when the user writes a code in the RAM at address
OX2XXXXXXX (address in the address range 0x20000000-0x20002000) and then
executes the code from RAM at boot (RAM is remapped at address 0x00). In this
case, a read operation is performed from the range 0x00000000-0x00002000
resulting in a parity error (the parity on the address is different).
0: The ramload operation is performed taking into consideration bit 29 of the
address when the parity is calculated.
1: The ramload operation is performed without taking into consideration bit 29 of
the address when the parity is calculated.

Reserved, must be kept at reset value

PVD_LOCK: PVD lock enable bit
This bit is set by software and cleared by a system reset. It can be used to
enable and lock the PVD connection to TIM1/15/16/17 Break input, as well as
the PVDE and PLS[2:0] in the PWR_CR register.
0: PVD interrupt disconnected from TIM1/15/16/17 Break input. PVDE and
PLS[2:0] bits can be programmed by the application.
1: PVD interrupt connected to TIM1/15/16/17 Break input, PVDE and PLS[2:0]
bits are read only.

SRAM_PARITY_LOCK: SRAM parity lock bit (STM32F302xB/C/D/E devices only)

This bit is set by software and cleared by a system reset. It can be used to
enable and lock the SRAM parity error signal connection to TIM1/15/16/17 Break
inputs.

0: SRAM parity error signal disconnected from TIM1/15/16/17 Break inputs

1: SRAM parity error signal connected to TIM1/15/16/17 Break inputs

LOCKUP_LOCK: Cortex®-M4 LOCKUP (Hardfault) output enable bit
This bit is set by software and cleared by a system reset. It can be use to enable
and lock the connection of Cortex®-M4 LOCKUP (Hardfault) output to
TIM1/15/16/17 Break input.
0: Cortex®-M4 LOCKUP output disconnected from TIM1/15/16/17 Break inputs.
1: Cortex®-M4 LOCKUP output connected to TIM1/15/16/17 Break inputs
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1.1.7 SYSCFG register map

Table 32. SYSCFG register map and reset values

Offset Register SI3IRNINLRNIINYITIK 2| |2 2| E|8|ojo(~o|lvt|v|lalv|o
= o
o
2 S
= ol ala La|la
alalala S| = =
o 8 |olal3 333 <& & HEEE a8
2 2 |22 o el nlel | OS5 || elelE S
SYSCFG_CFGR1 FPU_IE[5..0] po eyl 3| @ @ 8 -2l 3 HEEEEE 2
r | N Sloaaa ol e e | F| E
0x00 [S] ] ol O ~ © < m =
S g |9 9ol oo R o s|@ =
Q Q889 S| = 8l gl 2> =
Q QI F|IF |9 F
w F
Reset value 111]{1]1|1]0 olofo|ojofo|o]oO olofo olojofo x‘x
SYSCFG_EXTICR1 EXTI3[3:0] | EXTI2[3:0] | EXTI[3:0] | EXTIO[3:0]
0x08
Reset value o‘o‘o|o o‘o‘o‘o o‘o‘o|o 0‘o|o‘o
SYSCFG_EXTICR2 EXTI7[3:0] | EXTI6[3:0] | EXTI5[3:0] | EXTI4[3:0]
0x0C
Reset value o|o|o|o ololo‘o o|0‘o|o 0|0|0‘0
SYSCFG_EXTICR3 EXTI11[3:0] | EXTI0[3:0] | EXTI9[3:0] | EXTI8[3:0]
0x10
Reset value o‘o‘o|o o‘o‘o‘o o‘o‘o|o o‘o|o‘o
SYSCFG_EXTICR4 | EXTI15[3:0] | EXTI14[3:0] | EXTI13[3:0] | EXTI12[3:0]
0x14
Reset value olofo|ojofo|o|o|olo|ojofo|o|ofo
S
x ol x
w £ x| = Q
i o| >| ©
o x o| &l ~
SYSCFG_CFGR2 s/ g |zl
0x18 2 CREEE
» o als| 8
> = 9
@ P
(%]
Reset value 0 0 0(0]|0
Refer to Section 3.2 on page 51 for the register boundary addresses.
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12.1

12.2

3

Direct memory access controller (DMA)

Introduction

The direct memory access (DMA) controller is a bus master and system peripheral.

The DMA is used to perform programmable data transfers between memory-mapped
peripherals and/or memories, upon the control of an off-loaded CPU.

The DMA controller features a single AHB master architecture.

There is one instance of DMA with up to 7 channels, except for the STM32F302xB/C/D/E
devices that also include a DMA2 with 5 channels.

Each channel is dedicated to managing memory access requests from one or more
peripherals. Each DMA includes an arbiter for handling the priority between DMA requests.

DMA main features

e  Single AHB master

e  Peripheral-to-memory, memory-to-peripheral, memory-to-memory and peripheral-to-
peripheral data transfers

e Access, as source and destination, to on-chip memory-mapped devices such as Flash
memory, SRAM, and AHB and APB peripherals

e All DMA channels independently configurable:

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

—  Priority between the requests is programmable by software (4 levels per channel:
very high, high, medium, low) and by hardware in case of equality (such as
request to channel 1 has priority over request to channel 2).

—  Transfer size of source and destination are independent (byte, half-word, word),
emulating packing and unpacking. Source and destination addresses must be
aligned on the data size.

—  Support of transfers from/to peripherals to/from memory with circular buffer
management

—  Programmable number of data to be transferred: 0 to 2164

e  Generation of an interrupt request per channel. Each interrupt request is caused from
any of the three DMA events: transfer complete, half transfer, or transfer error.
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12.3 DMA implementation

12.3.1 DMA1 and DMA2

DMA1 and DMAZ2 are implemented with the hardware configuration parameters shown in
the table below.

Table 33. DMA1 and DMA2 implementation

DMA2 (only for
Feature DMA1 STM32F302xBIC/DIE devices)
Number of channels 7 5

12.3.2 DMA request mapping

DMA controller on STM32F302x6/8

The hardware requests from the peripherals (TIMx(x=1...4, 6, 15..17), ADC1, ADC2, SPI1,
SPI2/12S, SPI3/12S, 12Cx(x=1,2,3), DAC1_Channel[1] and USARTx (x=1..3)) are simply
logically ORed before entering the DMA. This means that on one channel, only one request
must be enabled at a time (see Figure 23).

The peripheral DMA requests can be independently activated/de-activated by programming
the DMA control bit in the registers of the corresponding peripheral.

Caution: A same peripheral request can be assigned to two different channels only if the application
ensures that these channels are not requested to be served at the same time. In other
words, if two different channels receive a same asserted peripheral request at the same
time, an unpredictable DMA hardware behavior occurs.

Table 34 lists the DMA requests for each channel.

3
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Figure 23. DMA request mapping on STM32F302x6/8
Peripheral request signals DMA Fixed hardware priority
High priority
ADC1
TIM2_CH3 HW request 1 Channel1
(1)
TIM17_CH1 > )
TmM17 up™ SW trigger 1
12C3 TX (MEM2MEM bit)
USART3_TX
TIM1_CH1 HW request 2 Channel2
v ) sz )
— (MEM2MEM bit)—»
12C3_RX
SPI3_TX
USART3_RX Internal
TIM1_CH2 HW request 3 Channel3 DMA
TIM6_UP ) Wi 3 > request
DAC1_CH1 trigger : R [N
TIM16_CH1 (MEM2MEM bit)
TIM16_UP
SPI2_RX
USART1_TX
12C2 TX HW request 4 Channel4
TIM1_CH4 ) o 4 >
TIM1_TRIG rigger :
TIM1 COM (MEM2MEM bit)
SPI2_TX
USART1_RX
12C2_RX
TIM1_UP HW request 5 Channel5
TIM2_CH1 ) SW T 5 |
TIM15_CH1 rigger
TIMIE UP (MEM2MEM bit)
TIM15_TRIG
TIM15_COM
USART2_RX -
12C1_TX HW request 6 Channel 6
e S — >
TIM16 CH1™M SW trigger 6
TimM16_up) (MEM2MEM bit) —»
USART2_TX
12C1_RX
TIM2_CH2 HW request 7 R Channel 7
TIMZ—CH4(1) : SW trigger 7 " \
TIM17_CH1 (MEM2MEM bity — D -
TIM17_up( Low priority

MS34230V1

1. DMA request mapped on this DMA channel only if the corresponding remapping bit is set in SYSCFG configuration register

1 (SYSCFG_CFGR1) and SYSCFG register map.

S74
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Table 34. DMA requests for each channel on STM32F302x6/8

Peripheral | Channel1 | Channel 2 Channel 3 Channel 4 | Channel 5 Channel6 Channel7
ADC ADCA1 - - - - - -

SPI - SPI3_RX SPI3_TX SPI2_RX SPI2_TX - -
USART - USART3_TX | USART3_RX |USART1_TX USAF‘&TL US';T(W— USART2_TX
12C 12C3_TX 12C3_RX - 12C2_TX 12C2_RX 12C1_TX I2C1_RX

TIM1_CH4
TIM1 - TIM1_CH1 TIM1_CH2 | TIM1_TRIG | TIM1_UP TIM1_CH3 -
TIM1_COM
TIM2_CH2
TIM2 TIM2_CH3 | TIM2_UP - - TIM2_CH1 - TIM2_CH4
TIM6_UP
TIM6/DAC - - DAC_CH1 (" - - - -
TIM15_CH1
TIM15_UP
TIM15 ) ) ) ) TIM15_TRIG ) )
TIM15_COM
TIM16_CH1
TIM16_CH1 =
TIM16 - - TIM16_UP - - TIM1(16)_UP -
TIM17_CH1 TIM17_CH1
Tim17 TIM17_UP i i i i ) TIM17_UP(")

1. DMA request mapped on this DMA channel only if the corresponding remapping bit is set in SYSCFG configuration register
1 (SYSCFG_CFGR1).

Caution:

188/1086

DMA1 and DMA2 on STM32F302xB/C/D/E

The hardware requests from the peripherals (TIMx(x=1...4, 6, 15..17), ADC1, ADC2,
SPI12/12S, SPI3/I2S, 12Cx(x=1,2,3), DAC1_Channel[1] and USARTXx (x=1..3)) are simply
logically ORed before entering the DMA. This means that on one channel, only one request
must be enabled at a time (see Figure 24 and Figure 25).

The peripheral DMA requests can be independently activated/de-activated by programming
the DMA control bit in the registers of the corresponding peripheral.

A same peripheral request can be assigned to two different channels only if the application
ensures that these channels are not requested to be served at the same time. In other
words, if two different channels receive a same asserted peripheral request at the same
time, an unpredictable DMA hardware behavior occurs.

Table 35 and Table 36 list the DMA requests for each channel.
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Figure 24. DMA1 request mapping on STM32F302xB/C/D/E

SPI2_RX
USART1_TX
12C2_TX
TIM1_CH4
TIM1_TRIG
TIM1_COM
TIM4_CH2

USART2_RX
12C1_TX
TIM1_CH3
TIM3_CH1
TIM3_TRIG
TIM16_CH1

DAC_cH2™

Tim16_up(

Peripheral request signals

ADCH1
TIM2_CH3
TIM4_CH1

TIM17_CH1
TIM17_UP

—

SPI1_RX
USART3_TX
TIM1_CH1
TIM2_UP
TIM3_CH3

—

SPI1_TX
USART3_RX
TIM1_CH2
TIM3_CH4
TIM3_UP
TIM6_UP

DAC_CH1(
TIM16_CH1
TIM16_UP

)

SPI2_TX
USART1_RX
12C2_RX
TIM1_UP
TIM2_CH1
TIM4_CH3
TIM15_CH1
TIM15_UP
TIM15_TRIG
TIM15_COM

-

USART2_TX
12C1_RX
TIM2_CH2
TIM2_CH4
TIM4_UP

TIM17_CH1

TIM17_up™

DMA

HW request 1

Fixed hardware priority

Channel 1

SW trigger 1
(MEM2MEM bit)

HW request 2

Channel 2

SW trigger 2
(MEM2MEM bit)

HW request 3

=D

Channel 3

HW request 4

>
SW trigger 3 >
(MEM2MEM bit) )

Channel4

SW trigger 4

HW request 5

(MEM2MEM bit)

Channel 5

SW trigger 5
(MEM2MEM bit)

HW request 6

Channel 6

SW trigger 6
(MEM2MEM bit)

HW request 7

D

Channel 7

SW trigger 7
(MEM2MEM bit)

=D

High priority

\/

Low priority

—>

Internal
DMA
request

MS32675V1

1. DMA request mapped on this DMA channel only if the corresponding remapping bit is set in SYSCFG configuration register

1 (SYSCFG_CFGR1).
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Figure 25. DMA2 request mapping on STM32F302xB/C/D/E

Peripheral request signals

ADC2

DMA

HW request 1

Fixed hardware priority

=D,

SPI3_RX

SW trigger 1
(MEM2MEM bit)

HW request 2

o =D

Apc2™

SW trigger 2
(MEM2MEM bit)

HW request 3

TIM6_UP
DAC_CH1

UART4_RX : j :

>
SW trigger 3 D—P
(MEM2MEM bit)

HW request 4

DAC_CH2 >j )

SW trigger 4

(MEM2MEM bit) [

HW request 5

UART4_TX >D

SW trigger 5
(MEM2MEM bit)

High priority
Channel 1
g
—> ) > '
Channel 2
yo—>
—>
Internal
Channel 3 DMA
request
—>
Channel4
Channel 5
D—
—>
\J
Low priority

MS32666V1

1. DMA request mapped on this DMA channel only if the corresponding remapping bit is set in SYSCFG configuration register

1 (SYSCFG_CFGR1).

Table 35. DMA1 requests for each channel on STM32F302xB/C/D/E devices

Peripheral | Channel 1 | Channel2 | Channel 3 | Channel 4 | Channel 5 Channel6 Channel7
ADC ADC1 - - - - - -
SPI - SPI1_RX SP1_TX SPI2_RX SPI2_TX - -
USART - USARTS3_ USART3_RX USART1_ USART1_ USART2_RX | USART2_TX
TX - TX RX - -
190/1086 RM0365 Rev 8 Kys
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Table 35. DMA1 requests for each channel on STM32F302xB/C/D/E devices (continued)

Peripheral | Channel 1 | Channel 2 Channel 3 Channel 4 | Channel 5 Channel6 Channel7
12C 12c3_TXM | 12¢3_RX(™M - 12C2_TX 12C2_RX 12C1_TX 12C1_RX
TIM1_CH4
TIM1 - TIM1_CH1 | TIM1_CH2 | IM1_TRIG | TIM1_UP | TIM1_CH3 -
TIM1_COM
TIM2_CH2
TIM2 TIM2_CH3 | TIM2_UP - - TIM2_CH1 - TIM2_CH4
TIM3_CH4 TIM3_CH1
TIM3 ) TIM3_CH3 TIM3_UP ) ) TIM3_TRIG )
TIM4 TIM4_CH1 - - TIM4_CH2 | TIM4_CH3 - TIM4_UP
TIM6_UP
TIM6 / DAC - - DAC._CH1®) - - - -
TIM7_UP
TIM7/DAC - - - DAC_CH2 - - -
@
TIM15_CH1
TIM15_UP
TIM15 ) ) ) ) TIM15_TRIG ) )
TIM15_COM
TIM16_CH1
TIM16_CH1 =
TIM16 - - TIM16_UP - - TIM1(26)_UP -
TIM17_CH1 TIM17_CH1
Tim17 TIM17_UP ) i i i i TIM17_UP®)

1. Available in STM32F302xD/E only.

configuration register 1 (SYSCFG_CFGR1).

DMA request mapped on this DMA channel only if the corresponding remapping bit is set in SYSCFG

Table 36. DMA2 requests for each channel on STM32F302xB/C/D/E devices

Peripheral Channel 1 Channel 2 Channel 3 Channel 4 Channel 5
ADC ADC2 - - - -
SPI SPI3_RX SPI3_TX - SPI4_Rx(" SPI4_TX
UART4 - - UART4_RX - UART4_TX
TIM6_UP
TIM6/DAC - - DAC_CH1 - -

1. Available in STM32F302xD/E only.

12.4

12.4.1

3

DMA block diagram

DMA functional description
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The DMA block diagram is shown in the figure below.

Figure 26. DMA block diagram

ICode
< > Fute K= Flash
DCode
CotexMd [ >
System
< "> DCode SRAM (40K)
xK——>|cPoa B CDEF |
E
2 [KG———> apcs1,2 |
=
DMA1 @
DMA crc || Ts
Bridge 2
AHB System bus APB2
/ Bridge 1
Reset & clock control 1
(RCC) SYSCFG TIM1
USART1 TIM15 APB1
SPI1 TIM16
TIM17
DMA request DAC  SPI3/I2S
PWR  SPI2/I2S
BKP  IWDG
bxCAN WWDG
USB  RTC
2C2  TIM6
[2C1  TIM4
UART5 TIM3
UART4 TIM2
USART3 12C3
USART2
DMA request |

MS34229V1

12.4.2

192/1086

The DMA controller performs direct memory transfer by sharing the AHB system bus with
other system masters. The bus matrix implements round-robin scheduling. DMA requests
may stop the CPU access to the system bus for a number of bus cycles, when CPU and
DMA target the same destination (memory or peripheral).

According to its configuration through the AHB slave interface, the DMA controller arbitrates
between the DMA channels and their associated received requests. The DMA controller
also schedules the DMA data transfers over the single AHB port master.

The DMA controller generates an interrupt per channel to the interrupt controller.

DMA transfers

The software configures the DMA controller at channel level, in order to perform a block
transfer, composed of a sequence of AHB bus transfers.

S74
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Note:

12.4.3

3

A DMA block transfer may be requested from a peripheral, or triggered by the software in
case of memory-to-memory transfer.

After an event, the following steps of a single DMA transfer occur:
1. The peripheral sends a single DMA request signal to the DMA controller.

2. The DMA controller serves the request, depending on the priority of the channel
associated to this peripheral request.

3. As soon as the DMA controller grants the peripheral, an acknowledge is sent to the
peripheral by the DMA controller.

4. The peripheral releases its request as soon as it gets the acknowledge from the DMA
controller.

5. Once the request is de-asserted by the peripheral, the DMA controller releases the
acknowledge.

The peripheral may order a further single request and initiate another single DMA transfer.

The request/acknowledge protocol is used when a peripheral is either the source or the
destination of the transfer. For example, in case of memory-to-peripheral transfer, the
peripheral initiates the transfer by driving its single request signal to the DMA controller. The
DMA controller reads then a single data in the memory and writes this data to the peripheral.

For a given channel x, a DMA block transfer consists of a repeated sequence of:

e asingle DMA transfer, encapsulating two AHB transfers of a single data, over the DMA
AHB bus master:

— asingle data read (byte, half-word or word) from the peripheral data register or a
location in the memory, addressed through an internal current peripheral/memory
address register.

The start address used for the first single transfer is the base address of the
peripheral or memory, and is programmed in the DMA_CPARx or DMA_CMARX
register.

— asingle data write (byte, half-word or word) to the peripheral data register or a
location in the memory, addressed through an internal current peripheral/memory
address register.

The start address used for the first transfer is the base address of the peripheral or
memory, and is programmed in the DMA_CPARx or DMA_CMARX register.

e post-decrementing of the programmed DMA_CNDTRX register
This register contains the remaining number of data items to transfer (number of AHB
‘read followed by write’ transfers).

This sequence is repeated until DMA_CNDTRXx is null.

The AHB master bus source/destination address must be aligned with the programmed size
of the transferred single data to the source/destination.

DMA arbitration
The DMA arbiter manages the priority between the different channels.

When an active channel x is granted by the arbiter (hardware requested or software
triggered), a single DMA transfer is issued (such as a AHB ‘read followed by write’ transfer
of a single data). Then, the arbiter considers again the set of active channels and selects the
one with the highest priority.

RMO0365 Rev 8 193/1086




Direct memory access controller (DMA) RM0365

12.4.4

Note:

194/1086

The priorities are managed in two stages:

e software: priority of each channel is configured in the DMA_CCRX register, to one of
the four different levels:

— very high
—  high
— medium
- low

e hardware: if two requests have the same software priority level, the channel with the
lowest index gets priority. For example, channel 2 gets priority over channel 4.

When a channel x is programmed for a block transfer in memory-to-memory mode,

re arbitration is considered between each single DMA transfer of this channel x. Whenever
there is another concurrent active requested channel, the DMA arbiter automatically
alternates and grants the other highest-priority requested channel, which may be of lower
priority than the memory-to-memory channel.

DMA channels

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

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

A DMA channel is programmed at block transfer level.

Programmable data sizes

The transfer sizes of a single data (byte, half-word, or word) to the peripheral and memory
are programmable through, respectively, the PSIZE[1:0] and MSIZE[1:0] fields of the
DMA_CCRXx register.

Pointer incrementation

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

If the incremented mode is enabled (PINC or MINC set to 1), the address of the next
transfer is the address of the previous one incremented by 1, 2 or 4, depending on the data
size defined in PSIZE[1:0] or MSIZE[1:0]. The first transfer address is the one programmed
in the DMA_CPARx or DMA_CMARX register. During transfers, these registers keep the
initially programmed value. The current transfer addresses (in the current internal
peripheral/memory address register) are not accessible by software.

If the channel x is configured in non-circular mode, no DMA request is served after the last
data transfer (once the number of single data to transfer reaches zero). The DMA channel
must be disabled in order to reload a new number of data items into the DMA_CNDTRX
register.

If the channel x is disabled, the DMA registers are not reset. The DMA channel registers
(DMA_CCRx, DMA_CPARx and DMA_CMARX) retain the initial values programmed during
the channel configuration phase.

In circular mode, after the last data transfer, the DMA_CNDTRX register is automatically
reloaded with the initially programmed value. The current internal address registers are
reloaded with the base address values from the DMA_CPARx and DMA_CMARX registers.
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Channel configuration procedure
The following sequence is needed to configure a DMA channel x:
1. Set the peripheral register address in the DMA_CPARX register.
The data is moved from/to this address to/from the memory after the peripheral event,
or after the channel is enabled in memory-to-memory mode.
2. Set the memory address in the DMA_CMARKX register.
The data is written to/read from the memory after the peripheral event or after the
channel is enabled in memory-to-memory mode.
3. Configure the total number of data to transfer in the DMA_CNDTRX register.
After each data transfer, this value is decremented.
4. Configure the parameters listed below in the DMA_CCRX register:
—  the channel priority
— the data transfer direction
—  the circular mode
— the peripheral and memory incremented mode
—  the peripheral and memory data size
— the interrupt enable at half and/or full transfer and/or transfer error
5. Activate the channel by setting the EN bit in the DMA_CCRX register.
A channel, as soon as enabled, may serve any DMA request from the peripheral connected
to this channel, or may start a memory-to-memory block transfer.
Note: The two last steps of the channel configuration procedure may be merged into a single

3

access to the DMA _CCRXx register, to configure and enable the channel.

Channel state and disabling a channel

A channel x in active state is an enabled channel (read DMA_CCRx.EN = 1). An active
channel x is a channel that must have been enabled by the software (DMA_CCRXx.EN set
to 1) and afterwards with no occurred transfer error (DMA_ISR.TEIFx = 0). In case there is a
transfer error, the channel is automatically disabled by hardware (DMA_CCRx.EN = 0).
The three following use cases may happen:
e  Suspend and resume a channel

This corresponds to the two following actions:

— An active channel is disabled by software (writing DMA_CCRx.EN = 0 whereas
DMA_CCRx.EN = 1).

—  The software enables the channel again (DMA_CCRXx.EN set to 1) without
reconfiguring the other channel registers (such as DMA_CNDTRx, DMA_CPARX
and DMA_CMARKX).

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

e  Stop and abort a channel

If the application does not need any more the channel, this active channel can be
disabled by software. The channel is stopped and aborted but the DMA_CNDTRx
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Note:

Note:

196/1086

register content may not correctly reflect the remaining data transfers versus the
aborted source and destination buffer/register.

° Abort and restart a channel

This corresponds to the software sequence: disable an active channel, then
reconfigure the channel and enable it again.

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

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

—  The software must operate separated write accesses to the same DMA_CCRXx
register: First disable the channel. Second reconfigure the channel for a next block
transfer including the DMA_CCRXx if a configuration change is needed. There are
read-only DMA_CCRXx register fields when DMA_CCRx.EN=1. Finally enable
again the channel.

When a channel transfer error occurs, the EN bit of the DMA_CCRXx register is cleared by
hardware. This EN bit can not be set again by software to re-activate the channel x, until the
TEIFx bit of the DMA_ISR register is set.

Circular mode (in memory-to-peripheral/peripheral-to-memory transfers)

The circular mode is available to handle circular buffers and continuous data flows (such as
ADC scan mode). This feature is enabled using the CIRC bit in the DMA_CCRX register.

The circular mode must not be used in memory-to-memory mode. Before enabling a
channel in circular mode (CIRC = 1), the software must clear the MEM2MEM bit of the
DMA _CCRXx register. When the circular mode is activated, the amount of data to transfer is
automatically reloaded with the initial value programmed during the channel configuration
phase, and the DMA requests continue to be served.

In order to stop a circular transfer, the software needs to stop the peripheral from generating
DMA requests (such as quit the ADC scan mode), before disabling the DMA channel.

The software must explicitly program the DMA_CNDTRXx value before starting/enabling a
transfer, and after having stopped a circular transfer.

Memory-to-memory mode

The DMA channels may operate without being triggered by a request from a peripheral. This
mode is called memory-to-memory mode, and is initiated by software.

If the MEM2MEM bit in the DMA_CCRX register is set, the channel, if enabled, initiates
transfers. The transfer stops once the DMA_CNDTRXx register reaches zero.

The memory-to-memory mode must not be used in circular mode. Before enabling a
channel in memory-to-memory mode (MEM2MEM = 1), the software must clear the CIRC
bit of the DMA_CCRXx register.

3
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Peripheral-to-peripheral mode

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

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

e when no peripheral request is selected and connected to the DMA channel
The software configures a register-to-register transfer by setting the MEM2MEM bit of
the DMA_CCRXx register.

Programming transfer direction, assigning source/destination

The value of the DIR bit of the DMA_CCRXx register sets the direction of the transfer, and

consequently, it identifies the source and the destination, regardless the source/destination

type (peripheral or memory):
¢ DIR =1 defines typically a memory-to-peripheral transfer. More generally, if DIR = 1:
—  The source attributes are defined by the DMA_MARKX register, the MSIZE[1:0]
field and MINC bit of the DMA_CCRXx register.
Regardless of their usual naming, these ‘memory’ register, field and bit are used to
define the source peripheral in peripheral-to-peripheral mode.

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

o DIR = 0 defines typically a peripheral-to-memory transfer. More generally, if DIR = O:
—  The source attributes are defined by the DMA_PARX register, the PSIZE[1:0] field

and PINC bit of the DMA_CCRXx register.
Regardless of their usual naming, these ‘peripheral’ register, field and bit are used
to define the source memory in memory-to-memory mode
—  The destination attributes are defined by the DMA_MARKX register, the

MSIZE[1:0] field and MINC bit of the DMA_CCRXx register.
Regardless of their usual naming, these ‘memory’ register, field and bit are used to
define the destination peripheral in peripheral-to-peripheral mode.

12.4.5 DMA data width, alignment and endianness

3

When PSIZE[1:0] and MSIZE[1:0] are not equal, the DMA controller performs some data
alignments as described in the table below.
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Table 37. Programmable data width and endian behavior (when PINC = MINC = 1)

Source | Destinat
port ion port . Destination
width width Number | Source content: content:
Msize | (Psize | Ofdata | address/data address / data
(MS | itemsto | (DMA_CMARXx if DMA transfers :
if ! transfer DIR = 1, else (DMA_CPARX if
DIR=1, | DIR=1, | % yrey DMA_CPARY) DIR =1, else
else else —~ DMA_CMARKX)
PSIZE) | MSIZE)
@0x0 /B0 1: read BO[7:0] @0x0 then write BO[7:0] @0x0 @0x0 /B0
8 8 4 @0x1/B1 2: read B1[7:0] @0x1 then write B1[7:0] @0x1 @0x1/ B1
@0x2 /B2 3: read B2[7:0] @0x2 then write B2[7:0] @0x2 @0x2 /B2
@0x3/B3 4: read B3[7:0] @0x3 then write B3[7:0] @0x3 @0x3 /B3
@0x0 / BO 1: read BO[7:0] @Ox0 then write 00BO[15:0] @0X0 @0x0 / 00BO
8 16 4 @O0x1/B1 2: read B1[7:0] @0x1 then write 00B1[15:0] @0x2 @O0x2 / 00B1
@O0x2 /B2 3: read B2[7:0] @0x2 then write 00B2[15:0] @0x4 @O0x4 / 00B2
@0x3 /B3 4: read B3[7:0] @0x3 then write 00B3[15:0] @0x6 @O0x6 / 00B3
@O0x0 /B0 1: read BO[7:0] @0xO0 then write 000000B0[31:0] @0x0 @O0x0 / 000000B0
8 32 4 @0x1/B1 2: read B1[7:0] @0x1 then write 000000B1[31:0] @0x4 @0x4 / 000000B1
@0x2 / B2 3: read B2[7:0] @0x2 then write 000000B2[31:0] @0x8 @0x8 / 00000082
@0x3 /B3 4: read B3[7:0] @0x3 then write 000000B3[31:0] @0XC @0xC / 000000B3
@0x0 / B1BO 1: read B1BO[15:0] @0x0 then write BO[7:0] @0x0 @0x0 / BO
16 8 4 @0x2 / B3B2 2: read B3B2[15:0] @0x2 then write B2[7:0] @0x1 @0x1/B2
@O0x4 / B5B4 3: read B5B4[15:0] @0x4 then write B4[7:0] @0x2 @O0x2 /B4
@0x6 / B7B6 4: read B7B6[15:0] @0x6 then write B6[7:0] @0x3 @0x3 / B6
@O0x0/ B1B0 1: read B1B0[15:0] @00 then write B1B0[15:0] @O0x0 @O0x0 / B1B0
16 16 4 @0x2 / B3B2 2: read B3B2[15:0] @0x2 then write B3B2[15:0] @0x2 @0x2 / B3B2
@0x4 / B5B4 3: read B5B4[15:0] @0x4 then write B5B4[15:0] @0x4 @0x4 / B5B4
@O0x6 / B7B6 4: read B7B6[15:0] @0x6 then write B7B6[15:0] @0x6 @O0x6 / B7B6
@0x0 / B1BO 1: read B1BO[15:0] @0x0 then write 0000B1B0[31:0] @0x0 @0x0 / 0000B1B0
16 3 4 @0x2 / B3B2 2: read B3B2[15:0] @0x2 then write 0000B3B2[31:0] @0x4 @O0x4 / 0000B3B2
@0x4 / B5B4 3: read B5B4[15:0] @0x4 then write 0000B5B4[31:0] @0x8 @0x8 / 0000B5B4
@0x6 / B7B6 4: read B7B6[15:0] @0x6 then write 0000B7B6[31:0] @0xC @0xC / 0000B7B6
@O0x0/B3B2B1B0 | 1: read B3B2B1B0[31:0] @0xO then write BO[7:0] @0x0 @O0x0/ B0
32 8 4 @0x4 / B7B6B5B4 | 2: read B7B6B5B4[31:0] @0x4 then write B4[7:0] @0x1 @0x1/ B4
@0x8 / BBBAB9B8 | 3: read BBBABIBS[31:0] @0x8 then write B8[7:0] @0x2 @0x2 /B8
@OxC / BFBEBDBC | 4: read BFBEBDBC[31:0] @0xC then write BC[7:0] @0x3 @O0x3/BC
@0x0 / B3B2B1B0 | 1: read B3B2B1B0[31:0] @0x0 then write B1B0[15:0] @0x0 @0x0 / B1BO
3 16 4 @O0x4 / B7TB6B5B4 | 2: read B7B6B5B4[31:0] @0x4 then write B5B4[15:0] @0x2 @0x2 / B5B4
@0x8 / BBBAB9B8 | 3: read BBBAB9BS[31:0] @0x8 then write B9B8[15:0] @0x4 @0x4 / BOB8
@0xC / BFBEBDBC | 4: read BFBEBDBC[31:0] @OxC then write BDBC[15:0] @0x6 @0x6 / BDBC
@O0x0/B3B2B1B0 | 1: read B3B2B1B0[31:0] @0xO then write B3B2B1B0[31:0] @0x0 | @0x0 / B3B2B1B0
32 32 4 @0x4 / B7TB6B5B4 | 2: read B7B6B5B4[31:0] @0x4 then write B7B6B5B4[31:0] @0x4 | @0x4 / B7B6B5B4
@0x8 / BBBAB9B8 | 3: read BBBAB9IBS[31:0] @0x8 then write BBBABIB8[31:0] @0x8 | @0x8 / BBBABIBS
@OxC / BFBEBDBC | 4: read BFBEBDBC[31:0] @OxC then write BFBEBDBC[31:0] @0XC | @0xC / BFBEBDBC
Addressing AHB peripherals not supporting byte/half-word write transfers
When the DMA controller initiates an AHB byte or half-word write transfer, the data are
duplicated on the unused lanes of the AHB master 32-bit data bus (HWDATA[31:0]).
When the AHB slave peripheral does not support byte or half-word write transfers and does
not generate any error, the DMA controller writes the 32 HWDATA bits as shown in the two
examples below:
e  To write the half-word OXxABCD, the DMA controller sets the HWDATA bus to
0xABCDABCD with a half-word data size (HSIZE = HalfWord in AHB master bus).
e  To write the byte 0xAB, the DMA controller sets the HWDATA bus to OXABABABAB
with a byte data size (HSIZE = Byte in the AHB master bus).
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Assuming the AHB/APB bridge is an AHB 32-bit slave peripheral that does not take into
account the HSIZE data, any AHB byte or half-word transfer is changed into a 32-bit APB
transfer as described below:

e  An AHB byte write transfer of 0xB0 to one of the 0x0, 0x1, 0x2 or 0x3 addresses, is
converted to an APB word write transfer of 0xBOBOBOBO to the 0x0 address.

e An AHB half-word write transfer of 0xB1B0 to the 0x0 or 0x2 addresses, is converted to
an APB word write transfer of 0xB1B0OB1B0 to the 0x0 address.

12.4.6 DMA error management
A DMA transfer error is generated when reading from or writing to a reserved address
space. When a DMA transfer error occurs during a DMA read or write access, the faulty
channel x is automatically disabled through a hardware clear of its EN bit in the
corresponding DMA_CCRX register.
The TEIFx bit of the DMA_ISR register is set. An interrupt is then generated if the TEIE bit of
the DMA_CCRXx register is set.
The EN bit of the DMA_CCRX register can not be set again by software (channel x re-
activated) until the TEIFx bit of the DMA_ISR register is cleared (by setting the CTEIFx bit of
the DMA_IFCR register).
When the software is notified with a transfer error over a channel which involves a
peripheral, the software has first to stop this peripheral in DMA mode, in order to disable any
pending or future DMA request. Then software may normally reconfigure both DMA and the
peripheral in DMA mode for a new transfer.
12.5 DMA interrupts
An interrupt can be generated on a half transfer, transfer complete or transfer error for each
DMA channel x. Separate interrupt enable bits are available for flexibility.
Table 38. DMA interrupt requests
Interrupt
Interrupt request Interrupt event Event flag enable bit
Half transfer on channel x HTIFx HTIEx
Transfer complete on channel x TCIFx TCIEX
Channel x interrupt
Transfer error on channel x TEIFXx TEIEx
Half transfer or transfer complete or transfer error on channel x GIFx -
12.6 DMA registers
Refer to Section 2.2 for a list of abbreviations used in register descriptions.
The DMA registers have to be accessed by words (32-bit).
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12.6.1 DMA interrupt status register (DMA_ISR)

Address offset: 0x00
Reset value: 0x0000 0000

The content of this register is linked to the DMA channels availability. See Section 12.3:
DMA implementation for more details.

Every status bit is cleared by hardware when the software sets the corresponding clear bit
or the corresponding global clear bit CGIFx, in the DMA_IFCR register.

31

30

29

28

26

25

24

23

22

21

20

19

18

17

16

HTIF7

TCIF7

GIF7

TEIF6

HTIF6

TCIF6

GIF6

TEIF5

HTIF5

TCIF5

GIF5

15

10

TEIF4

HTIF4

TCIF4

GIF4

HTIF3

TCIF3

GIF3

TEIF2

HTIF2

TCIF2

GIF2

TEIF1

HTIF1

TCIF1

GIF1

Bits 31:28
Bit 27

Bit 26

Bit 25

Bit 24

Bit 23

Bit 22

Bit 21

Bit 20

Bit 19
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Reserved, must be kept at reset value.

TEIF7: transfer error (TE) flag for channel 7
0: no TE event
1: a TE event occurred

HTIF7: half transfer (HT) flag for channel 7
0: no HT event
1: a HT event occurred

TCIF7: transfer complete (TC) flag for channel 7
0: no TC event
1: a TC event occurred

GIF7: global interrupt flag for channel 7
0: no TE, HT or TC event
1:a TE, HT or TC event occurred

TEIF6: transfer error (TE) flag for channel 6

0: no TE event
1: a TE event occurred

HTIF6: half transfer (HT) flag for channel 6
0: no HT event
1: a HT event occurred

TCIF6: transfer complete (TC) flag for channel 6
0: no TC event
1: a TC event occurred

GIF6: global interrupt flag for channel 6
0: no TE, HT or TC event
1:a TE, HT or TC event occurred
TEIF5: transfer error (TE) flag for channel 5

0: no TE event
1: a TE event occurred
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3

Bit 18

Bit 17

Bit 16

Bit 15

Bit 14

Bit 13

Bit 12

Bit 11

Bit 10

Bit 9

Bit 8

Bit 7

Bit 6

Bit 5

Bit 4

HTIF5: half transfer (HT) flag for channel 5
0: no HT event
1: a HT event occurred

TCIF5: transfer complete (TC) flag for channel 5
0: no TC event
1: a TC event occurred

GIF5: global interrupt flag for channel 5
0: no TE, HT or TC event
1: a TE, HT or TC event occurred

TEIF4: transfer error (TE) flag for channel 4
0: no TE event
1: a TE event occurred

HTIF4: half transfer (HT) flag for channel 4
0: no HT event
1: a HT event occurred

TCIF4: transfer complete (TC) flag for channel 4
0: no TC event
1: a TC event occurred

GIF4: global interrupt flag for channel 4
0: no TE, HT or TC event
1: a TE, HT or TC event occurred

TEIF3: transfer error (TE) flag for channel 3
0: no TE event
1: a TE event occurred

HTIF3: half transfer (HT) flag for channel 3
0: no HT event
1: a HT event occurred

TCIF3: transfer complete (TC) flag for channel 3
0: no TC event
1: a TC event occurred

GIF3: global interrupt flag for channel 3
0: no TE, HT or TC event
1: a TE, HT or TC event occurred

TEIF2: transfer error (TE) flag for channel 2
0: no TE event
1: a TE event occurred

HTIF2: half transfer (HT) flag for channel 2
0: no HT event
1: a HT event occurred
TCIF2: transfer complete (TC) flag for channel 2
0: no TC event
1: a TC event occurred
GIF2: global interrupt flag for channel 2

0: no TE, HT or TC event
1: a TE, HT or TC event occurred
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Bit 3 TEIF1: transfer error (TE) flag for channel 1
0: no TE event
1: a TE event occurred
Bit 2 HTIF1: half transfer (HT) flag for channel 1
0: no HT event
1: a HT event occurred
Bit 1 TCIF1: transfer complete (TC) flag for channel 1
0: no TC event
1: a TC event occurred
Bit 0 GIF1: global interrupt flag for channel 1

0: no TE, HT or TC event
1:a TE, HT or TC event occurred

12.6.2 DMA interrupt flag clear register (DMA_IFCR)

Address offset: 0x04
Reset value: 0x0000 0000

The content of this register is linked to the DMA channels availability. See Section 12.3:
DMA implementation for more details.

Setting the global clear bit CGIFx of the channel x in this DMA_IFCR register, causes the
DMA hardware to clear the corresponding GIFx bit and any individual flag among TEIFx,
HTIFx, TCIFx, in the DMA_ISR register.

Setting any individual clear bit among CTEIFx, CHTIFx, CTCIFx in this DMA_IFCR register,
causes the DMA hardware to clear the corresponding individual flag and the global flag
GIFx in the DMA_ISR register, provided that none of the two other individual flags is set.

Writing 0 into any flag clear bit has no effect.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
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= T 2 Q = T 2 Q = T [~ Q = T =4 Q
3 o [3) o o ) ) o (3 o 3} o 3} o 3} o
w w w w w w w w w w w w w w w w

Bits 31:28 Reserved, must be kept at reset value.
Bit 27 CTEIF7: transfer error flag clear for channel 7
Bit 26 CHTIF7: half transfer flag clear for channel 7
Bit 25 CTCIF7: transfer complete flag clear for channel 7
Bit 24 CGIF7: global interrupt flag clear for channel 7
Bit 23 CTEIF6: transfer error flag clear for channel 6
Bit 22 CHTIF6: half transfer flag clear for channel 6

3

202/1086 RMO0365 Rev 8




RMO0365

Direct memory access controller (DMA)

12.6.3

31

30

Bit 21
Bit 20
Bit 19
Bit 18
Bit 17
Bit 16
Bit 15
Bit 14
Bit 13
Bit 12
Bit 11
Bit 10
Bit 9
Bit 8
Bit 7
Bit 6
Bit 5
Bit 4
Bit 3
Bit 2
Bit 1
Bit 0

DMA channel x configuration register (DMA_CCRXx)

CTCIF®6: transfer complete flag clear for channel 6
CGIF6: global interrupt flag clear for channel 6
CTEIF5: transfer error flag clear for channel 5
CHTIFS5: half transfer flag clear for channel 5
CTCIF5: transfer complete flag clear for channel 5
CGIF5: global interrupt flag clear for channel 5
CTEIF4: transfer error flag clear for channel 4
CHTIF4: half transfer flag clear for channel 4
CTCIF4: transfer complete flag clear for channel 4
CGIF4: global interrupt flag clear for channel 4
CTEIF3: transfer error flag clear for channel 3
CHTIF3: half transfer flag clear for channel 3
CTCIF3: transfer complete flag clear for channel 3
CGIF3: global interrupt flag clear for channel 3
CTEIF2: transfer error flag clear for channel 2
CHTIF2: half transfer flag clear for channel 2
CTCIF2: transfer complete flag clear for channel 2
CGIF2: global interrupt flag clear for channel 2
CTEIF1: transfer error flag clear for channel 1
CHTIF1: half transfer flag clear for channel 1
CTCIF1: transfer complete flag clear for channel 1

CGIF1: global interrupt flag clear for channel 1

Address offset: 0x08 + 0x14 * (x - 1), (x =110 7)
Reset value: 0x0000 0000

The address offsets of these registers are linked to the DMA channels availability. See
Section 12.3: DMA implementation for more details.

The register fields/bits MEM2MEM, PL[1:0], MSIZE[1:0], PSIZE[1:0], MINC, PINC, and DIR
are read-only when EN =1,

The states of MEM2MEM and CIRC bits must not be both high at the same time.
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MEM2
MEM

PL[1:0] MSIZE[1:0]

PSIZE[1:0] MINC | PINC

CIRC

DIR
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Bits 31:15
Bit 14

Bits 13:12

Bits 11:10

Reserved, must be kept at reset value.

MEM2MEM: memory-to-memory mode
0: disabled
1: enabled
Note: this bit is set and cleared by software.
It must not be written when the channel is enabled (EN = 1).
It is read-only when the channel is enabled (EN = 1).

PL[1:0]: priority level
00: low
01: medium
10: high
11: very high
Note: this field is set and cleared by software.
It must not be written when the channel is enabled (EN = 1).
It is read-only when the channel is enabled (EN = 1).

MSIZE[1:0]: memory size
Defines the data size of each DMA transfer to the identified memory.
In memory-to-memory mode, this field identifies the memory source if DIR = 1 and the
memory destination if DIR = 0.
In peripheral-to-peripheral mode, this field identifies the peripheral source if DIR = 1 and the
peripheral destination if DIR = 0.
00: 8 bits
01: 16 bits
10: 32 bits
11: reserved
Note: this field is set and cleared by software.
It must not be written when the channel is enabled (EN = 1).
It is read-only when the channel is enabled (EN = 1).

Bits 9:8 PSIZE[1:0]: peripheral size

204/1086

Defines the data size of each DMA transfer to the identified peripheral.
In memory-to-memory mode, this field identifies the memory destination if DIR = 1 and the
memory source if DIR = 0.
In peripheral-to-peripheral mode, this field identifies the peripheral destination if DIR = 1 and
the peripheral source if DIR = 0.
00: 8 bits
01: 16 bits
10: 32 bits
11: reserved
Note: this field is set and cleared by software.
It must not be written when the channel is enabled (EN = 1).
It is read-only when the channel is enabled (EN = 1).
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Bit 7 MINC: memory increment mode
Defines the increment mode for each DMA transfer to the identified memory.
In memory-to-memory mode, this field identifies the memory source if DIR = 1 and the
memory destination if DIR = 0.
In peripheral-to-peripheral mode, this field identifies the peripheral source if DIR = 1 and the
peripheral destination if DIR = 0.
0: disabled
1: enabled
Note: this bit is set and cleared by software.
It must not be written when the channel is enabled (EN = 1).
It is read-only when the channel is enabled (EN = 1).

Bit 6 PINC: peripheral increment mode
Defines the increment mode for each DMA transfer to the identified peripheral.
n memory-to-memory mode, this field identifies the memory destination if DIR = 1 and the
memory source if DIR = 0.
In peripheral-to-peripheral mode, this field identifies the peripheral destination if DIR = 1 and
the peripheral source if DIR = 0.
0: disabled
1: enabled
Note: this bit is set and cleared by software.
It must not be written when the channel is enabled (EN = 1).
It is read-only when the channel is enabled (EN = 1).

Bit 5 CIRC: circular mode
0: disabled
1: enabled
Note: this bit is set and cleared by software.

It must not be written when the channel is enabled (EN = 1).
It is not read-only when the channel is enabled (EN = 1).

Bit 4 DIR: data transfer direction
This bit must be set only in memory-to-peripheral and peripheral-to-memory modes.
0: read from peripheral
—  Source attributes are defined by PSIZE and PINC, plus the DMA_CPARX register.
This is still valid in a memory-to-memory mode.
—  Destination attributes are defined by MSIZE and MINC, plus the DMA_CMARXx
register. This is still valid in a peripheral-to-peripheral mode.
1: read from memory
—  Destination attributes are defined by PSIZE and PINC, plus the DMA_CPARXx
register. This is still valid in a memory-to-memory mode.
—  Source attributes are defined by MSIZE and MINC, plus the DMA_CMARKX register.
This is still valid in a peripheral-to-peripheral mode.
Note: this bit is set and cleared by software.
It must not be written when the channel is enabled (EN = 1).
It is read-only when the channel is enabled (EN = 1).

Bit 3 TEIE: transfer error interrupt enable
0: disabled
1: enabled
Note: this bit is set and cleared by software.
It must not be written when the channel is enabled (EN = 1).
It is not read-only when the channel is enabled (EN = 1).
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Bit 2 HTIE: half transfer interrupt enable
0: disabled
1: enabled
Note: this bit is set and cleared by software.
It must not be written when the channel is enabled (EN = 1).
It is not read-only when the channel is enabled (EN = 1).
Bit 1 TCIE: transfer complete interrupt enable
0: disabled
1: enabled

Note: this bit is set and cleared by software.
It must not be written when the channel is enabled (EN = 1).
It is not read-only when the channel is enabled (EN = 1).

Bit 0 EN: channel enable

When a channel transfer error occurs, this bit is cleared by hardware. It can not be set again
by software (channel x re-activated) until the TEIFx bit of the DMA_ISR register is cleared (by
setting the CTEIFx bit of the DMA_IFCR register).

0: disabled

1: enabled

Note: this bit is set and cleared by software.

12.6.4 DMA channel x number of data to transfer register (DMA_CNDTRX)
Address offset: 0x0C + 0x14 * (x - 1), (x=1to 7)
Reset value: 0x0000 0000

The address offsets of these registers are linked to the DMA channels availability. See
Section 12.3: DMA implementation for more details.

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

Bits 31:16 Reserved, must be kept at reset value.

Bits 15:0 NDT[15:0]: number of data to transfer (0 to 216 1)
This field is updated by hardware when the channel is enabled:
- It is decremented after each single DMA ‘read followed by write’ transfer, indicating
the remaining amount of data items to transfer.
- It is kept at zero when the programmed amount of data to transfer is reached, if the
channel is not in circular mode (CIRC = 0 in the DMA_CCRXx register).
- It is reloaded automatically by the previously programmed value, when the transfer
is complete, if the channel is in circular mode (CIRC = 1).
If this field is zero, no transfer can be served whatever the channel status (enabled or not).
Note: this field is set and cleared by software.
It must not be written when the channel is enabled (EN = 1).
It is read-only when the channel is enabled (EN = 1).
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12.6.5 DMA channel x peripheral address register (DMA_CPARX)
Address offset: 0x10 + 0x14 * (x - 1), (x =110 7)
Reset value: 0x0000 0000
The address offsets of these registers are linked to the DMA channels availability. See
Section 12.3: DMA implementation for more details.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PA[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PA[15:0]
Bits 31:0 PA[31:0]: peripheral address
It contains the base address of the peripheral data register from/to which the data will be
read/written.
When PSIZE[1:0] = 01 (16 bits), bit 0 of PA[31:0] is ignored. Access is automatically aligned
to a half-word address.
When PSIZE = 10 (32 bits), bits 1 and 0 of PA[31:0] are ignored. Access is automatically
aligned to a word address.
In memory-to-memory mode, this register identifies the memory destination address if
DIR =1 and the memory source address if DIR = 0.
In peripheral-to-peripheral mode, this register identifies the peripheral destination address
DIR = 1 and the peripheral source address if DIR = 0.
Note: this register is set and cleared by software.
It must not be written when the channel is enabled (EN = 1).
It is not read-only when the channel is enabled (EN = 1).
12.6.6 DMA channel x memory address register (DMA_CMARX)
Address offset: 0x14 + 0x14 * (x - 1), (x =110 7)
Reset value: 0x0000 0000
The address offsets of these registers are linked to the DMA channels availability. See
Section 12.3: DMA implementation for more details.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MA[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MA[15:0]
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Bits 31:0 MA[31:0]: peripheral address

It contains the base address of the memory from/to which the data will be read/written.
When MSIZE[1:0] = 01 (16 bits), bit 0 of MA[31:0] is ignored. Access is automatically aligned
to a half-word address.

When MSIZE = 10 (32 bits), bits 1 and 0 of MA[31:0] are ignored. Access is automatically
aligned to a word address.

In memory-to-memory mode, this register identifies the memory source address if DIR = 1
and the memory destination address if DIR = 0.

In peripheral-to-peripheral mode, this register identifies the peripheral source address

DIR =1 and the peripheral destination address if DIR = 0.

Note: this register is set and cleared by software.

It must not be written when the channel is enabled (EN = 1).
It is not read-only when the channel is enabled (EN = 1).

12.6.7 DMA register map
The table below gives the DMA register map and reset values.
Table 39. DMA register map and reset values
Offset Register |58 |RINIQIQIJIRNAISIQRSRER2ITRET|IC|o|o(~o|v|¢|m|n-0
DMA ISR e pn i b pr pra ey pri g b ) pr A P i e e e ol e o
0x000 - ElERoEERoEIEROEIEROIEIEROIEIEIROIEIEIR|®
Reset value ofofofofofofolo]ofofo][ofoofolo]ofofo][ofofo]olo]ofofo]o
ol ol o i i il v g i vl il i i i g e ol o e
DMA_IFCR WweElolglU|E|Olg|H|E|O|g|lU|E|O||U|E|O|G|H|E|O|G|U|E|O|D
0x004 6|5|6(0|6|5(6]0(6|5|6[0(6]5(6|9|6|5(6(9|6|5|6(0|6(5|6(9
Reset value olofofofofofolo]ofofo]ofo]ofolo]o]ofo][o]ofo]olo]o]o]o]o
Zl | g |9
DMA_CCR1 SRR REEEEEEE
0x008 - S| Y| N (E|E|S|e|F|E|R|
s = | a
Reset value oJoJofoJo[oJo[o[o[o[o[o]0]0]0
DMA_CNDTR1 NDTR[15:0]
0x00C
Reset value olofofofoJoJo]o]o]o]Joo]o]o]o]0
DMA_CPARH1 PA[31:0]
0x010
Resetvalue [0[o[ofo[ofofofofo]o]o]oJoJoJoJoJoJoJoJoJo]JoJoJo oo oo o]o]o]0
DMA_CMAR MA[31:0]
0x014
Resetvalue [0[o[o[o[o]o[o[o]o]o]o]o]o]o]oJoJoJooo]o]o]o]ofo]o[o[o[o]o]0]0
0x018 Reserved
il = 219
=S| 2 = = 21919 |x |w Wy
oxorc | DMA-CCR? =l 7 ugJ g HHEEEEEE
= = o
Reset value oJoJo[oJo[oJo[o[o[o[o]o]o]0]0
DMA_CNDTR2 NDTR[15:0]
0x020
Reset value ofofofofoJoJo]o]o]o]JoJoJo]o]o]o
DMA_CPAR2 PA[31:0]
0x024
Resetvalue [0[o]o[ofofofofofofo]o]o]oJoJoJoJoJoJoJoJo]JoJoJo o o o]o]o]o]o]0
DMA_CMAR2 MA[31:0]
0x028
Resetvalue [0]o]ofo[ofofofo]o]o]o]o]oJoJoJoJoJoJoJo]Jo]Jo]JoJoJo]Jo[o]o]o]o]o]0
0x02C Reserved
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Table 39. DMA register map and reset values (continued)
Offset Register |5(8IQIQIN|QIQI|RQQ|R2(R(E|R[R|T QG F|2[o|o(~|o|v|¥ 0|0
= _ | & | &
DMA_CCR3 23| T|828|x|yuul
0x030 - S g | Y| N |E|E|S|o|F| TR
s s | o
Reset value oloJofofo]oJo]o]o]o]o]o]o]o]o
DMA_CNDTR3 NDTR[15:0]
0x034
Reset value ofoJoJoJoJoJoJoJoJoJoJo]o]o]o]o
DMA_CPAR3 PA[31:0]
0x038
Resetvalue [0[o[o[o[ofofofo]o]o]o]o]oJoJoJoJoJoJoJoJo]Jo]Jo]Jofo]Jo[o[o]o]o]o]0
DMA_CMAR3 MA[31:0]
0x03C
Resetvalue [0JoJoJofofoJoJoJoJo]ofo]JoJoJo]o]o]o]JoJoJo]o]o]o]JoJoJo]o]o]o]o]o
0x040 Reserved
HENEEEE
DMA_CCR4 SR A REHEEEEEEE
0x044 - = F | NN |SIE|c|olF|E|R™
s s | o
Reset value oJoJofoJo[oJo[o[o[o[o]o]0]0]0
DMA_CNDTR4 NDTR[15:0]
0x048
Reset value olofofofoJoJo]o]ofo]o]oJo]o]o]0
DMA_CPAR4 PA[31:0]
0x04C
Resetvalue [0[o[o[o[oJofofo]o]o]o]o]oJoJoJoJoJoJoJoJoJoJoJo oo ofo]o]o]o]0
DMA_CMAR4 MA[31:0]
0x050
Resetvalue [0[o[o[o[o]o[o]o]o]o]o]o]o]o]ofoJoJooo]o]o]o]ofo]o[o[o[o]o]0]0
0x054 Reserved
E =) 22 ololo
= 2 = 5 o |W|wiw
oxosg | DMA-CCRS =l 7 ugJ g HHEEHEEEE
= = o
Reset value oJoJoJoJo[oJo[o[o[o[o]o]o]0]0
DMA_CNDTR5 NDTR[15:0]
0x05C
Reset value oflofofoJoJoJo]o]o]o]JoJoJo]o]o]o
DMA_CPAR5 PA[31:0]
0x060
Resetvalue [0[o]o[ofofofofofo]o]o]o]oJoJoJoJoJoJoJoJo]Jo]Jo]Jo o o o]o]o]o]o]0
DMA_CMAR5 MA[31:0]
0x064
Resetvalue [0[o[o[o[ofofofo]o]o]o]o]oJoJoJoJoJoJoJoJo]Jo]Jo]Jofo]Jo[o[o]o]o]o]0
0x068 Reserved
5 =) 22 ololo
= BT I o |w|w|w
oxoec | DMA-CORG S| 7 :N)J g HHEEHEEEE
s S | o
Reset value ofoJofJoJo[oJo[o[o[o[o]o]o]o0]0
DMA_CNDTR6 NDTR[15:0]
0x070
Reset value ojoJoJoJoJoJoJoJoJo[o[o[o]o]o]0
DMA_CPAR6 PA[31:0]
0x074
Resetvalue [0]oJo]ofofofJoJoJo]o]o]o]JoJoJo]o]o]o]oJo]o]o]o]o]JoJo]o]o]o]o]o]o
DMA_CMARS MA[31:0]
0x078
Resetvalue [0[o]ofo[ofofofo]o]o]o]o]oJoJoJoJoJoJoJoJoJoJoJo oo oo o]o]o]o
0x07C Reserved
bl P = =
DMA_CCR7? Sl = | O | T |22g|zHEsz
0x080 - S F | Y| N |EEoaF|T|R™
s S | o
Reset value oloJofofo]oJo]o]o]o[o]o]o]o]o
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RMO0365
Table 39. DMA register map and reset values (continued)
Offset Register |5(8IQIQIN|QIQI|RQQ|R2(R(E|R[R|T QG F|2[o|o(~|o|v|¥ 0|0
DMA_CNDTR? NDTR[15:0]
0x084
Reset value oJoJoJoJoJoJoJoJoJo[o[o]o]o]o]0
DMA_CPAR7 PA[31:0]
0x088
Resetvalue [0JoJoJofofoJoJoJoJofofo]JoJoJo]o]o]o]JoJoJo]o]o]o]JoJoJo]o]o]o]o]o
DMA_CMAR? MA[31:0]
0x08C
Resetvalue [0[o]o[ofofofofofofo]o]o]oJoJoJoJoJoJoJoJo]Jo]Jo]Jo o o o]o]o]o]o]0
Refer to Section 3.2 for the register boundary addresses.
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13 Interrupts and events
13.1 Nested vectored interrupt controller (NVIC)
13.1.1 NVIC main features
e 66 maskable interrupt channels (not including the sixteen Cortex-M4 with FPU interrupt
lines)
e 16 programmable priority levels (4 bits of interrupt priority are used)
e Low-latency exception and interrupt handling
e 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.
All interrupts including the core exceptions are managed by the NVIC. For more information
on exceptions and NVIC programming, refer to the PM0214 programming manual for
Cortex-M4 products.
13.1.2 SysTick calibration value register
The SysTick calibration value is set to 9000, which gives a reference time base of 1 ms with
the SysTick clock set to 9 MHz (max fyc k/8).
13.1.3 Interrupt and exception vectors
Table 40 is the vector table for STM32F302xB/C devices. Table 41 is the vector table for
STM32F302x6/8 devices.
Table 40. STM32F302xB/C/D/E vector table
8 g T f
= = ype o o
.g _g priority Acronym Description Address
o o
- - - - Reserved 0x0000 0000
- -3 Fixed Reset Reset 0x0000 0004
Non maskable interrupt. The RCC clock
- -2 Fixed NMI security system (CSS) is linked to the NMI 0x0000 0008
vector.
- -1 Fixed HardFault All classes of fault 0x0000 000C
- 0 Settable | MemManage Memory management 0x0000 0010
- 1 Settable |BusFault Pre-fetch fault, memory access fault 0x0000 0014
- 2 Settable |UsageFault Undefined instruction or illegal state 0x0000 0018
Reserved 0x0000 001C -
0x0000 0028
1S7] RM0365 Rev 8 211/1086
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Table 40. STM32F302xB/C/D/E vector table (continued)

S >
:‘% E Ty_p e_of Acronym Description Address
8 £ priority
- 3 Settable |SVCall System service call via SWI instruction 0x0000 002C
- 5 Settable |PendSV Pendable request for system service 0x0000 0038
- 6 | Settable |SysTick System tick timer 0x0000 003C
0 7 Settable |WWDG Window watchdog interrupt 0x0000 0040
1 8 Settable |PVD PVD through EXTI Line16 detection interrupt 0x0000 0044
2 | 9 | settable |TAMPER STAMP | 1@mperand TimeStamp interrupts through 0x0000 0048
EXTI Line19
3 | 10 | Settable |RTC_WKUP Ezgz‘gake”p timer interrupt through EXTI 0x0000 004C
4 11 | Settable |FLASH Flash global interrupt 0x0000 0050
5 12 | Settable |RCC RCC global interrupt 0x0000 0054
6 13 | Settable |EXTIO EXTI LineO interrupt 0x0000 0058
7 14 | Settable |EXTI1 EXTI Line1 interrupt 0x0000 005C
8 15 | Settable |[EXTI2_TS EXTI Line2 and Touch sensing interrupts 0x0000 0060
9 16 | Settable |[EXTI3 EXTI Line3 0x0000 0064
10 | 17 | Settable |[EXTI4 EXTI Line4 0x0000 0068
11 18 | Settable |DMA1_Channel1 DMA1 channel 1 interrupt 0x0000 006C
12 19 | Settable |DMA1_Channel2 DMA1 channel 2 interrupt 0x0000 0070
13 20 | Settable |DMA1_Channel3 DMA1 channel 3 interrupt 0x0000 0074
14 21 | Settable |DMA1_Channel4 DMA1 channel 4 interrupt 0x0000 0078
15 22 | Settable |DMA1_Channel5 DMA1 channel 5 interrupt 0x0000 007C
16 23 | Settable |DMA1_Channel6 DMA1 channel 6 interrupt 0x0000 0080
17 24 | Settable |DMA1_Channel7 DMA1 channel 7 interrupt 0x0000 0084
18 25 | Settable |ADC1_2 ADC1 and ADC2 global interrupt 0x0000 0088
19 (1) | 26 | Settable [USB_HP/CAN_TX |USB high priority/CAN_TX interrupts 0x0000 008C
201 | 27 | Settable USB_LP/CAN_RXO |USB low priority/CAN_RXO interrupts 0x0000 0090
21 28 | Settable | CAN_RX1 CAN_RX1 interrupt 0x0000 0094
22 29 | Settable |CAN_SCE CAN_SCE interrupt 0x0000 0098
23 30 | Settable |EXTI9_5 EXTI Line[9:5] interrupts 0x0000 009C
24 | 31 | Settable |TIM1_BRK/TIM15 TIM1 break/TIM15 global interrupts 0x0000 00A0
25 | 32 | Settable |TIM1_UP/TIM16 TIM1 update/TIM16 global interrupts 0x0000 00A4
26 33 | Settable ;I:ll:\I/\IA11_7TRG_COM :I;Ithélr‘lrl}ggsger and commutation/TIM17 0x0000 00A8
27 34 | Settable |TIM1_CC TIM1 capture compare interrupt 0x0000 00AC
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Table 40. STM32F302xB/C/D/E vector table (continued)

S >
:‘% E Ty_p e_of Acronym Description Address
8 £ priority
28 35 | Settable |TIM2 TIM2 global interrupt 0x0000 00BO
29 36 | Settable |TIM3 TIM3 global interrupt 0x0000 00B4
30 37 | Settable |TIM4 TIM4 global interrupt 0x0000 00B8
31 38 | Settable |12C1_EV 12C1 event interrupt & EXTI Line23 interrupt 0x0000 00BC
32 39 | Settable |12C1_ER 12C1 error interrupt 0x0000 00CO
33 40 | Settable |[I12C2_EV 12C2 event interrupt & EXTI Line24 interrupt 0x0000 00C4
34 41 | Settable |12C2_ER 12C2 error interrupt 0x0000 00C8
35 | 42 | Settable |SPI1 SPI1 global interrupt 0x0000 00CC
36 | 43 | Settable |SPI2 SPI2 global interrupt 0x0000 00DO
37 44 | Settable |USART1 USART1 global interrupt & EXTI Line 25 0x0000 00D4
38 45 | Settable |USART2 USART2 global interrupt & EXTI Line 26 0x0000 00D8
39 | 46 | Settable |USART3 USARTS global interrupt & EXTI Line 28 0x0000 00DC
40 | 47 | Settable |EXTI15_10 EXTI Line[15:10] interrupts 0x0000 OOEO
41 48 | Settable |RTC_Alarm RTC alarm interrupt 0x0000 OOE4
42 | 49 | Settable |USBWakeUp USB wakeup from Suspend (EXTI line 18) 0x0000 00E8
43 50 | Settable |Reserved 0x0000 O0EC
44 51 | Settable |Reserved 0x0000 O0FO0
45 | 52 | Settable |Reserved 0x0000 00F4
46 53 | Settable |Reserved 0x0000 OOF8
47 54 | Settable |Reserved 0x0000 00FC
48 | 55 | Settable |FMC® FMC global interrupt 0x0000 0100
49 56 - Reserved 0x0000 0104
50 57 - Reserved 0x0000 0108
51 58 | Settable |SPI3 SPI3 global interrupt 0x0000 010C
52 59 | Settable |UART4 UART4 global and EXTI Line 34 interrupts 0x0000 0110
53 60 | Settable |UARTS UARTS5 global and EXTI Line 35 interrupts 0x0000 0114
54 61 | Settable |TIM6_DAC TIM6 global and DAC1 underrun interrupts. 0x0000 0118
55 | 62 | Settable |Reserved 0x0000 011C
56 63 | Settable |DMA2_Channel1 DMAZ2 channel1 global interrupt 0x0000 0120
57 64 | Settable |DMA2_Channel2 DMA2 channel2 global interrupt 0x0000 0124
58 65 | Settable |DMA2_Channel3 DMAZ2 channel3 global interrupt 0x0000 0128
59 66 | Settable |DMA2_Channel4 DMA2 channel4 global interrupt 0x0000 012C
60 67 | Settable |DMAZ2_Channel5 DMAZ2 channel5 global interrupt 0x0000 0130

3
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Table 40. STM32F302xB/C/D/E vector table (continued)

S >

:‘% E Ty_p e_of Acronym Description Address
8 £ priority

61 68 | Settable |Reserved 0x0000 0134
62 69 - Reserved 0x0000 0138
63 70 - Reserved 0x0000 013C
64 | 71| Settable |[COMP1_2_ EQTNI'PL:ni‘SCZ?!\"zF;Zi::;‘i:L‘;Ft’: combined with | 5,0000 0140
65 |72 | Settable |COMP4_6 (E:)?T'Vl'i‘i‘ni‘sgoo'\gﬁg isr‘zt?;;‘;‘r’:jp‘i‘s’_mbi”ed WIth 1 050000 0144
66 73 | Settable |Reserved 0x0000 0148
67 74 - Reserved 0x0000 014C
68 75 - Reserved 0x0000 0150
69 76 - Reserved 0x0000 0154
70 |77 - Reserved 0x0000 0158
7 78 - Reserved 0x0000 015C
72 | 79 | Settable [12C3_EV(©@ I2C3 event interrupt 0x0000 0160
73 | 80 | Settable |12C3 ER®@ 12C3 Error interrupt 0x0000 0164
74 81 | Settable |USB_HP USB High priority interrupt 0x0000 0168
75 82 | Settable |USB_LP USB Low priority interrupt 0x0000 016C
76 83 | Settable t.;zz_n\/o\/tzk;a)Up_RMP l1JSSB wake up from Suspend and EXTI Line 0x0000 0170
81 88 | Settable |FPU Floating point interrupt 0x0000 0184
84 | 91 | Settable - SPI4  SPI4 global interrupt(® 0x0000 0190

1. ltis possible to remap the USB interrupts (USB_HP, USB_LP and USB_WKUP) on interrupt lines 74, 75 and 76
respectively by setting the USB_IT_RMP bit in the Section 11.1.1: SYSCFG configuration register 1 (SYSCFG_CFGR1) on

page 175.

2. Available in STM32F302xD/E only.

Table 41. STM32F302x6/8 vector table

< >

(o} =

= o Ty_p e_of Acronym Description Address

3 = priority

o o

- - - - Reserved 0x0000 0000

- -3 Fixed Reset Reset 0x0000 0004
Non maskable interrupt. The RCC Clock

- -2 Fixed NMI Security System (CSS) is linked to the NMI 0x0000 0008
vector.
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Table 41. STM32F302x6/8 vector table (continued)
:é % Type of Acronym Description Address
ng. = priority
- -1 Fixed HardFault All class of fault 0x0000 000C
0 | Settable |MemManage Memory management 0x0000 0010
- 1 Settable |BusFault Pre-fetch 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
- 5 | Settable |PendSV Pendable request for system service 0x0000 0038
- 6 | Settable |SysTick System tick timer 0x0000 003C
0 7 | Settable |WWDG Window Watchdog interrupt 0x0000 0040
1 8 | Settable |PVD PVD through EXTI line 16 detection interrupt | 0x0000 0044
2 | 9 | settable |TAMPER STAMP I:::Ege; ‘;:‘: g)'g?ﬁ;ae"]g'”te"”pts 0x0000 0048
3 |10 | Settable |RTC_WKUP R Py wakep timer nterrupts fhrough the 00000 004C
4 11 | Settable |FLASH Flash global interrupt 0x0000 0050
5 12 | Settable |RCC RCC global interrupt 0x0000 0054
6 13 | Settable |EXTIO EXTI Line0 interrupt 0x0000 0058
7 14 | Settable |[EXTI1 EXTI Line1 interrupt 0x0000 005C
8 15 | Settable |[EXTI2_TS EXTI Line2 and Touch sensing interrupts 0x0000 0060
9 16 | Settable |EXTI3 EXTI Line3 0x0000 0064
10 | 17 | Settable |EXTI4 EXTI Line4 0x0000 0068
11 18 | Settable |DMA1_Channel1 DMA1 channel 1 interrupt 0x0000 006C
12 19 | Settable |DMA1_Channel2 DMA1 channel 2 interrupt 0x0000 0070
13 | 20 | Settable |DMA1_Channel3 DMA1 channel 3 interrupt 0x0000 0074
14 | 21 | Settable |DMA1_Channel4 DMA1 channel 4 interrupt 0x0000 0078
15 | 22 | Settable |DMA1_Channel5 DMA1 channel 5 interrupt 0x0000 007C
16 | 23 | Settable |DMA1_Channel6 DMA1 channel 6 interrupt 0x0000 0080
17 24 | Settable |DMA1_Channel7 DMA1 channel 7 interrupt 0x0000 0084
18 | 25 | Settable |ADC1_2 ADC1 and ADC2 global interrupt 0x0000 0088
19 | 26 | Settable |CAN_TX CAN_TX interrupts 0x0000 008C
20 | 27 | Settable |CAN_RXO0 CAN_RXO interrupts 0x0000 0090
21 | 28 | Settable |CAN_RX1 CAN_RXT1 interrupt 0x0000 0094
22 | 29 | Settable |CAN_SCE CAN_SCE interrupt 0x0000 0098
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Table 41. STM32F302x6/8 vector table (continued)

s >
:‘% E Ty_p e_of Acronym Description Address
nc.’ = priority
23 30 | Settable |EXTI9_5 EXTI Line[9:5] interrupts 0x0000 009C
24 | 31 | Settable |TIM1_BRK/TIM15 TIM1 break/TIM15 global interrupts 0x0000 00AO
25 32 | Settable |TIM1_UP/TIM16 TIM1 update/TIM16 global interrupts 0x0000 00A4
26 33 | Settable ;I:;:\:/:ﬁTRG_COM i'lr'1ltl\élr1rutrpitgsger and commutation/TIM17 0x0000 00A8
27 34 | Settable |TIM1_CC TIM1 capture compare interrupt 0x0000 00AC
28 35 | Settable |TIM2 TIM2 global interrupt 0x0000 00BO
29 36 - Reserved 0x0000 00B4
30 37 - Reserved 0x0000 00B8
31 38 | Settable |12C1_EV 12C1 event interrupt & EXTI Line23 interrupt 0x0000 00BC
32 39 | Settable |12C1_ER 12C1 error interrupt 0x0000 00CO
33 | 40 - 12C2_EV 12C2 event interrupt 0x0000 00C4
34 | 41 - 12C2_ER 12C2 error interrupt 0x0000 00C8
35 | 42 - Reserved 0x0000 00CC
36 | 43 SPI2 SPI2 global interrupt 0x0000 00DO
37 | 44 | Settable |USART1 USART1 global interrupt & EXTI Line 25 0x0000 00D4
38 | 45 | Settable |USART2 USART2 global interrupt 0x0000 00D8
39 | 46 | Settable |USART3 USARTS global interrupt 0x0000 00DC
40 | 47 | Settable |EXTI15_10 EXTI Line[15:10] interrupts 0x0000 00EO
41 48 | Settable |RTC_Alarm RTC alarm interrupt 0x0000 O0OE4
42 | 49 - USBWakeUp USB Wakeup interrupt 0x0000 00E8
43 50 - Reserved 0x0000 O0EC
44 51 - Reserved 0x0000 0O0FO0
45 | 52 - Reserved 0x0000 O0F4
46 | 53 - Reserved 0x0000 O0F8
47 | 54 - Reserved 0x0000 0O0FC
48 55 - Reserved 0x0000 0100
49 56 - Reserved 0x0000 0104
50 57 - Reserved 0x0000 0108
51 58 - SPI3 ‘ SPI3 global interrupt 0x0000 010C
52 | 59 - Reserved 0x0000 0110
53 | 60 - Reserved 0x0000 0114
54 61 | Settable |TIM6_DAC ‘TIMG global and DAC1 underrun interrupts 0x0000 0118
216/1086 RMO0365 Rev 8 "_l
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Table 41. STM32F302x6/8 vector table (continued)

s >
:‘% g Ty_p e_of Acronym Description Address
nc.’ = priority
55 62 - Reserved 0x0000 011C
56 63 - Reserved 0x0000 0120
57 64 - Reserved 0x0000 0124
58 65 - Reserved 0x0000 0128
59 | 66 - Reserved 0x0000 012C
60 | 67 - Reserved 0x0000 0130
61 68 - Reserved 0x0000 0134
62 69 - Reserved 0x0000 0138
63 70 - Reserved 0x0000 013C
64 | 71| Settable |COMP2 gfmtzrzr&?ff"“pt combined with EXTILines | 5500 0140
8 | 72| Setiable | COMP4.S EXTILines 30 and 32 mtemupts respectaly, | 010000 0144
67 74 - Reserved 0x0000 014C
68 75 - Reserved 0x0000 0150
69 76 - Reserved 0x0000 0154
70 77 - Reserved 0x0000 0158
71 78 - Reserved 0x0000 015C
72 79 - 12C3_EV I12C3 event interrupt & EXTI Line27 interrupt 0x0000 0160
73 80 - 12C3_ER I12C3 error interrupt 0x0000 0164
74 81 - USB_HP USB High Priority global interrupt remap 0x0000 0168
75 82 - USB LP USB Low Priority global interrupt remap 0x0000 016C
76 83 - USBWakeUp_RMP USB Wakeup interrupt remap 0x0000 0170
77 | 84 - Reserved 0x0000 0174
78 | 85 - Reserved 0x0000 0178
79 86 - Reserved 0x0000 017C
80 87 - Reserved 0x0000 0180
81 88 | Settable |FPU Floating point interrupt 0x0000 0184
"_l RMO0365 Rev 8 217/1086
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13.2

13.2.1

218/1086

Extended interrupts and events controller (EXTI)

The extended interrupts and events controller (EXTI) manages the external and internal
asynchronous events/interrupts and generates the event request to the CPU/Interrupt
Controller and a wake-up request to the Power Manager.

The EXTI allows the management of up to 36 external/internal event line (28 external event
lines and 8 internal event lines).

The active edge of each external interrupt line can be chosen independently, whilst for
internal interrupt the active edge is always the rising one. An interrupt could be left pending:
in case of an external one, a status register is instantiated and indicates the source of the
interrupt; an event is always a simple pulse and it's used for triggering the core wake-up. For
internal interrupts, the pending status is assured by the generating peripheral, so no need
for a specific flag. Each input line can be masked independently for interrupt or event
generation, in addition the internal lines are sampled only in STOP mode. This controller
allows also to emulate the (only) external events by software, multiplexed with the
corresponding hardware event line, by writing to a dedicated register.

Main features

The EXTI main features are the following:

e support generation of up to 36 event/interrupt requests

¢ Independent configuration of each line as an external or an internal event requests
e Independent mask on each event/interrupt line

e Automatic disable of internal lines when system is not in STOP mode

e Independent trigger for external event/interrupt line

e Dedicated status bit for external interrupt line

e  Emulation for all the external event requests.

3
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13.2.2 Block diagram

The extended interrupt/event block diagram is shown in the following figure.

Figure 27. External interrupt/event block diagram
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13.2.3 Wakeup event management

STM32F302xx devices are able to handle external or internal events in order to wake up the
core (WFE). The wakeup event can be generated either by:

e enabling an interrupt in the peripheral control register but not in the NVIC, and enabling
the SEVONPEND bit in the Cortex-M4 System Control register. When the MCU
resumes from WFE, the EXTI peripheral interrupt pending bit and the peripheral NVIC
IRQ channel pending bit (in the NVIC interrupt clear pending register) have to be
cleared.

e or by configuring an external or internal EXT]I 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.

13.2.4 Asynchronous Internal Interrupts

Some communication peripherals (UART, 12C) are able to generate events when the system
is in run mode and also when the system is in stop mode allowing to wake up the system
from stop mode.

3
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13.2.5

Note:

220/1086

To accomplish this, the peripheral is asked to generate both a synchronized (to the system
clock, e.g. APB clock) and an asynchronous version of the event.

Functional description

For the external interrupt lines, to generate the interrupt, the interrupt line should be
configured and enabled. This is done by programming the two trigger registers with the
desired edge detection and by enabling the interrupt request by writing a ‘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 corresponding to
the interrupt line is also set. This request is reset by writing a 1 in the pending register.

For the internal interrupt lines, the active edge is always the rising edge, the interrupt is
enabled by default in the interrupt mask register and there is no corresponding pending bit
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’ to the 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.

For the external lines, an interrupt/event request can also be generated by software by
writing a 1 in the software interrupt/event register.

The interrupts or events associated to the internal lines can be triggered only when the
system is in STOP mode. If the system is still running, no interrupt/event is generated.

Hardware interrupt selection

To configure a line as interrupt source, use the following procedure:
e Configure the corresponding mask bit in the EXTI_IMR register.
e  Configure the Trigger Selection bits of the Interrupt line (EXTI_RTSR and EXTI_FTSR)

e  Configure the enable and mask bits that control the NVIC IRQ channel mapped to the
EXTI so that an interrupt coming from one of the EXTI line can be correctly
acknowledged.

Hardware event selection

To configure a line as event source, use the following procedure:
e  Configure the corresponding mask bit in the EXTI_EMR register.
e  Configure the Trigger Selection bits of the Event line (EXTI_RTSR and EXTI_FTSR)

Software interrupt/event selection

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

e  Configure the corresponding mask bit (EXTI_IMR, EXTI_EMR)

e Set the required bit of the software interrupt register (EXTI_SWIER)

3
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13.2.6

3

External and internal interrupt/event line mapping

36 interrupt/event lines are available: 8 lines are internal (including the reserved ones); the
remaining 28 lines are external.

The GPIOs are connected to the 16 external interrupt/event lines in the following manner:

Figure 28. External interrupt/event GPIO mapping
EXTI0[3:0] bits in the SYSCFG_EXTICR1 register

PA0 O——»
PBO O——» EXTIO
PCO O——»
PDO O——»
PE0 O—»
PFO O—»

EXTI1[3:0] bits in the SYSCFG_EXTICR1 register

PA1 O——
PB1 O——» EXTH
PC1 O——»
PD1 O——»
PE1 O——»
PF1 O——»

EXTI15[3:0] bits in the SYSCFG_EXTICR4 register

PA15 O——»
PB15 O
PC15 O—»
PD15 O——»
PE15 O——
PF15 O——

EXTI15

MS19951V1
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The remaining lines are connected as follows:

EXTI line 16 is connected to the PVD output

EXTI line 17 is connected to the RTC Alarm event

EXTI line 18 is connected to USB Device FS wakeup event

EXTI line 19 is connected to RTC tamper and Timestamps

EXTI line 20 is connected to RTC wakeup timer

EXTI line 21 is connected to Comparator 1 output (STM32F302xB/C/D/E devices)
EXTI line 22 is connected to Comparator 2 output

EXTI line 23 is connected to 12C1 wakeup

EXTI line 24 is connected to 12C2 wakeup

EXTI line 25 is connected to USART1 wakeup

EXTI line 26 is connected to USART2 wakeup (STM32F302xB/C/D/E only)
EXTI line 27 is connected to 12C3 wakeup (STM32F302x6/8 devices only)
EXTI line 28 is connected to USART3 wakeup (STM32F302xB/C/D/E only)
EXTI line 29 is reserved

EXTI line 30 is connected to Comparator 4 output

EXTI line 31 is reserved

EXTI line 32 is connected to Comparator 6 output

EXTI line 33 is reserved

EXTI line 34 is connected to UART4 wakeup (STM32F302xB/C/D/E devices)
EXTI line 35 is connected to UART5 wakeup (STM32F302xB/C/D/E devices)

Note: EXTl lines 23, 24, 25, 26, 27, 28, 34 and 35 are internal.
13.3 EXTI registers
Refer to Section 2.2 for a list of abbreviations used in register descriptions.
The peripheral registers have to be accessed by words (32-bit).
13.3.1 Interrupt mask register (EXTI_IMR1)
Address offset: 0x00
Reset value: 0x1F80 0000 (See note below)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MR30 MR28 | MR27 | MR26 | MR25 | MR24 | MR23 | MR22 | MR21 | MR20 | MR19 | MR18 | MR17 | MR16
w w w w w w rw rw w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MR15 | MR14 | MR13 | MR12 | MR11 | MR10 | MR9 | MR8 | MR7 | MR6 | MR5 | MR4 | MR3 | MR2 | MR1 | MRO
w w w w w w w w w w w rw rw w w w
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Bit 31 Reserved, must be kept at reset value.

Bit 30 MRx: Interrupt Mask on external/internal line x (x = 30)

0: Interrupt request from Line x is masked
1: Interrupt request from Line x is not masked

Bit 29 Reserved, must be kept at reset value.

Bits 28:0 MRXx: Interrupt Mask on external/internal line x

0: Interrupt request from Line x is masked
1: Interrupt request from Line x is not masked

Note: The reset value for the internal lines (23, 24, 25, 26, 27 and 28) is set to ‘1’ in order to
enable the interrupt by default.
13.3.2 Event mask register (EXTI_EMR1)

Address offset: 0x04
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MR30 . | MR28 | MR27 | MR26 | MR25 | MR24 | MR23 | MR22 | MR21 | MR20 | MR19 | MR18 | MR17 | MR16

w w w w w w w w w w w w w w

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

MR15 | MR14 | MR13 | MR12 | MR11 | MR10 | MR9 MR8 MR7 MR6 MR5 MR4 MR3 MR2 MR1 MRO

Bit 31 Reserved, must be kept at reset value.

Bit 30 MRx: Event mask on external/internal line x (x = 30)

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

Bit 29 Reserved, must be kept at reset value.

Bits 28:0 MRXx: Event mask on external/internal line x

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

13.3.3 Rising trigger selection register (EXTI_RTSR1)

Address offset: 0x08
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TR30 . . . . . . . | TR22 | TR21 | TR20 | TR19 | TR18 | TR17 | TR16

w w w w w w w w

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
TR15 | TR14 | TR13 | TR12 | TR11 | TR10 TR9 TR8 TR7 TR6 TR5 TR4 TR3 TR2 TR1 TRO

w w w w w w w w w w w w w w w w

3
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Bit 31 Reserved, must be kept at reset value.

Bit 30 TRx: Rising trigger event configuration bit of line x (x = 30)

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

Bits 29:23 Reserved, must be kept at reset value.

Bits 22:0 TRx: Rising trigger event configuration bit of line x (x = 22 to 0)

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 an external interrupt line occurs during a write operation in the
EXTI_RTSR register, the pending bit is not set.

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

13.3.4 Falling trigger selection register (EXTI_FTSR1)

Address offset: 0x0C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TR30 . . . . . . .| TR22 | TR21 | TR20 | TR19 | TR18 | TR17 | TR16

w w w w w w w w

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

TR15 | TR14 | TR13 | TR12 | TR11 | TR10 TR9 TR8 TR7 TR6 TR5 TR4 TR3 TR2 TR1 TRO

Bit 31 Reserved, must be kept at reset value.

Bit 30 TRx: Falling trigger event configuration bit of line x (x = 30)

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

Bits 29:23 Reserved, must be kept at reset value.

Bits 22:0 TRx: Falling trigger event configuration bit of line x (x = 22 to 0)

0: Falling trigger disabled (for Event and Interrupt) for input line
1: 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 an external interrupt line occurs during a write operation to the
EXTI_FTSR register, the pending bit is not set.

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

3
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13.3.5 Software interrupt event register (EXTI_SWIER1)
Address offset: 0x10
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SWIER SWIER | SWIER | SWIER | SWIER | SWIER | SWIER | SWIER
30 22 21 20 19 18 17 16
w w w w w rw rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SWIER | SWIER | SWIER | SWIER | SWIER | SWIER | SWIER | SWIER | SWIER | SWIER | SWIER | SWIER | SWIER | SWIER | SWIER | SWIER
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
rw w rw rw rw rw rw w w w w w rw rw rw w
Bit 31 Reserved, must be kept at reset value.
Bit 30 SWIERX: Software interrupt on line x (x = 30)
If the interrupt is enabled on this line in the EXTI_IMR, writing a '1' to this bit when
it is at '0' sets the corresponding pending bit in EXTI_PR resulting in an interrupt
request generation.
This bit is cleared by clearing the corresponding bit in the EXTI_PR register (by
writing a ‘1’ into the bit).
Bits 29:23 Reserved, must be kept at reset value.
Bits 22:0 SWIERXx: Software interrupt on line x (x = 22 to 0)
If the interrupt is enabled on this line in the EXTI_IMR, writing a '1' to this bit when
it is at '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).
13.3.6 Pending register (EXTI_PR1)
Address offset: 0x14
Reset value: undefined
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PR30 PR22 | PR21 | PR20 | PR19 | PR18 | PR17 | PR16
rc_w1 rc wl | rcwl | rcwl [ rcwl | rcwl | rc_wil rc_w1
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PR15 | PR14 | PR13 | PR12 | PR11 | PR10 | PR9 PR8 PR7 | PR6 | PR5 | PR4 | PR3 | PR2 PR1 PRO
rc wl [ rcwl | rcwl [ rcwl | rcwl | rc_wil rc_w1 rc_w1 rcwl [ rcwl | rcwl | rcwl | rcwl | rc_wil rc_wi rc_w1

3

Bit 31

Reserved, must be kept at reset value.
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Bit 30 PRx: Pending bit on line x (x = 30)
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 writing a ‘1’ to the bit.

Bits 29:23 Reserved, must be kept at reset value.

Bits 22:0 PRx: Pending bit on line x (x = 22 to 0)

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 writing a ‘1’ to the bit.
13.3.7 Interrupt mask register (EXTI_IMR2)

Address offset: 0x20
Reset value: OxFFFF FFFE (See note below)

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

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
MR35 | MR34 . MR32

w w w

Bits 31:4 Reserved, must be kept at reset value

Bits 3:2 MRXx: Interrupt mask on external/internal line x, x = 34, 35

0: Interrupt request from Line x is masked
1: Interrupt request from Line x is not masked

Bit 1 Reserved, must be kept at reset value.

Bit 0 MRx: Interrupt mask on external/internal line x, x = 32

0: Interrupt request from Line x is masked
1: Interrupt request from Line x is not masked

Note: The reset value for the reserved lines is set to ‘1".

13.3.8 Event mask register (EXTI_EMR2)

Address offset: 0x24
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
MR35 | MR34 . MR32
w w

q -
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Bits 31:4 Reserved, must be kept at reset value

Bits 3:2 MRx: Event mask on external/internal line x, x = 34, 35

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

Bit 1 Reserved, must be kept at reset value

Bit 0 MR32: Event mask on external/internal line x, x = 32

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

13.3.9 Rising trigger selection register (EXTI_RTSR2)

Address offset: 0x28
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
TR32
w

Bits 31:1 Reserved, must be kept at reset value.

Bit 0 TRx: Rising trigger event configuration bit of line x (x = 32)

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 an external interrupt line occurs during a write operation to the
EXTI_RTSR register, the pending bit is not set.

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

13.3.10 Falling trigger selection register (EXTI_FTSR2)

Address offset: 0x2C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
TR32
w

3
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Bits 31:1 Reserved, must be kept at reset value.

Bit 0 TRx: Falling trigger event configuration bit of line x (x = 32)

0: Falling trigger disabled (for Event and Interrupt) for input line
1: 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 an external interrupt line occurs during a write operation to the
EXTI_FTSR register, the pending bit is not set.

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

13.3.11  Software interrupt event register (EXTI_SWIERZ2)

Address offset: 0x30
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SWIER
32
rw
Bits 31:1 Reserved, must be kept at reset value.
Bit 0 SWIERXx: Software interrupt on line x (x = 32)
If the interrupt is enabled on this line in the EXTI_IMR, writing a '1" to this bit when
it is at '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’ to
the bit).
13.3.12 Pending register (EXTI_PR2)
Address offset: 0x34
Reset value: undefined
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PR32
rc_w1

228/1086
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Bits 31:1 Reserved, must be kept at reset value.

Bit 0 PRx: Pending bit on line x (x = 32)
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 writing a ‘1’ into the bit.

13.3.13 EXTI register map
Table 42. External interrupt/event controller register map and reset values
Offset| Register |5|3|QIFIN|K|QIJ|KRNSKRS|2E22 T2V = (2|o|o|~0|1v|<t(o N0
>
o . .
EXTI_IMR1 Y MR[28:22] & MR[17:0]
0x00 = [
=
Reset value 0 1‘1‘1‘1‘1‘1‘0 o‘o o‘o‘o‘o‘o‘o‘o‘o‘o‘o|o|o|o|o|o|o|o‘o
>
o . .
EXTI_EMR1 Y MR[28:22] & MR[17:0]
0x04 = [
=
Reset value 0 101]1]|olofo]o o‘o o‘o‘o‘o‘o‘o‘o‘o‘o‘o|o|o|o|o|o|o|o‘o
o
EXTI_RTSR1 2 TR[22:0]
0x08 F
Reset value 0 o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o|o|o|o|o|o|o|o‘o
o
EXTI_FTSR1 e TR[22:0]
0x0C =
Reset value 0 o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o|o|o|o|o|o|o|o‘o
o
&
EXTI_SWIER1 m SWIER[17:0]
0x10 =
)
Reset value 0 o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o|o|o|o|o|o|o|o‘o
o
EXTI_PR1 Y PR[22:0]
0x14 a
Reset value 0 oloflojo|o|ofo|o|o|ofo|o|o|ofo|o|o|o|o|o|of0]O
33 S
EXTI_IMR2 el |
0x20 =S| = =
Reset value 101 0
33 S
EXTI_EMR2 el |
0x24 ={ = I
Reset value 0|0 0
o
EXTI_RTSR2 R
0x28 =
Reset value 0

3
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Table 42. External interrupt/event controller register map and reset values (continued)

Offset| Register |5|3|QIQNIQ|Q|I|KRNSKIS(RT22|F 2T = 2o |w|~|0|w|¢ o N0
o

EXTI_FTSR2 &

0x2C =
Reset value 0

N

(3]

4

EXTI_SWIER2 w

0x30 <
%)

Reset value 0

N

EXTI_PR2 &

0x34 o
Reset value 0

Refer to Section 3.2 on page 51 for the register boundary addresses.

3
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Flexible static memory controller (FSMC)

14

Note:

14.1

3

Flexible static memory controller (FSMC)

Only the STM32F302xD/E devices include the FMC.

SThe Flexible static memory controller (FSMC) includes two memory controllers:
e  The NOR/PSRAM memory controller
e  The NAND/PC Card memory controller

This memory controller is also named Flexible memory controller (FMC).

FMC main features

The FMC functional block makes the interface with: synchronous and asynchronous static
memories, and 16-bit PC card memory. Its main purposes are:

e to translate AHB transactions into the appropriate external device protocol
e to meet the access time requirements of the external memory devices
All external memories share the addresses, data and control signals with the controller.
Each external device is accessed by means of a unique Chip Select. The FMC performs
only one access at a time to an external device.
The main features of the FMC controller are the following:
e Interface with static-memory mapped devices including:
—  Static random access memory (SRAM)
— NOR Flash memory/OneNAND Flash memory
— PSRAM (4 memory banks)
— 16-bit PC Card compatible devices

—  Two banks of NAND Flash memory with ECC hardware to check up to 8 Kbytes of
data

e  Burst mode support for faster access to synchronous devices such as NOR Flash
memory, PSRAM

e  Programmable continuous clock output for asynchronous and synchronous accesses
e  8-,16-bit wide data bus

e Independent Chip Select control for each memory bank

¢ Independent configuration for each memory bank

e  Write enable and byte lane select outputs for use with PSRAM, SRAM devices

e  External asynchronous wait control

e  Write Data FIFO with 16 x33-bit depth

e  Write Address FIFO with 16x30-bit depth

The FMC embeds two Write FIFOs: a Write Data FIFO with a 16x33-bit depth and a Write
Address FIFO with a 16x30-bit depth.

e  The Write Data FIFO stores the AHB data to be written to the memory (up to 32 bits)
plus one bit for the AHB transfer (burst or not sequential mode)

e  The Write Address FIFO stores the AHB address (up to 28 bits) plus the AHB data size
(up to 2 bits). When operating in burst mode, only the start address is stored except
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when crossing a page boundary (for PSRAM). In this case, the AHB burst is broken
into two FIFO entries.

At startup the FMC pins must be configured by the user application. The FMC I/O pins which
are not used by the application can be used for other purposes.

The FMC registers that define the external device type and associated characteristics are
usually set at boot time and do not change until the next reset or power-up. However, the
settings can be changed at any time.

Block diagram

The FMC consists of the following main blocks:

e The AHB interface (including the FMC configuration registers)
e The NOR Flash/PSRAM/SRAM controller

e  The NAND Flash/PC Card controller

e The external device interface

The block diagram is shown in Figure 29.

Figure 29. FMC block diagram

FMC interrupts to NVIC

FMC_NL (or NADV) } N.OR/PSRAM
signals
FMC_CLK
From clock
controller NOR/PSRAM . NOR / PSRAM / SRAM
HCLK memary FMC_NBL[1:0] } shared signals
controller 9
FMC_A[25:
C_A25:01 Shared signals
FMC_DI[15:0]
Confi i FMC_NE[4:1]
ontiguration FMC_NOE NOR / PSRAM / SRAM
registers )
FMC_NWE shared signals
FMC_NWAIT
FMC_NCE[3:2
FMg_INﬁ' 3532 ] } NAND signals
NAND / PC INT[3:2]
card memory FMC INTR
controller FMC_NCE4_1
FMC_NCE4_2
FMC_NIORD PC card signals
FMC_NIOWR
FMC_NREG
FMC_CD

MS34473V1
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14.3

14.3.1

3

AHB interface

The AHB slave interface allows internal CPUs and other bus master peripherals to access
the external memories.

AHB transactions are translated into the external device protocol. In particular, if the
selected external memory is 16- or 8-bit wide, 32-bit wide transactions on the AHB are split
into consecutive 16- or 8-bit accesses. The FMC Chip Select (FMC_NEXx) does not toggle
between the consecutive accesses except in case of access mode D when the extended
mode is enabled.

The FMC generates an AHB error in the following conditions:

e  When reading or writing to an FMC bank (Bank 1 to 4) which is not enabled.

e When reading or writing to the NOR Flash bank while the FACCEN bit is reset in the
FMC_BCRXx register.

e  When reading or writing to the PC Card banks while the FMC_CD input pin (Card
Presence Detection) is low.

The effect of an AHB error depends on the AHB master which has attempted the R/W
access:

e Ifthe access has been attempted by the Cortex™-M4 with FPU CPU, a hard fault
interrupt is generated.

e Ifthe access has been performed by a DMA controller, a DMA transfer error is
generated and the corresponding DMA channel is automatically disabled.

The AHB clock (HCLK) is the reference clock for the FMC.

Supported memories and transactions

General transaction rules

The requested AHB transaction data size can be 8-, 16- or 32-bit wide whereas the
accessed external device has a fixed data width. This may lead to inconsistent transfers.
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Therefore, some simple transaction rules must be followed:

AHB transaction size and memory data size are equal

There is no issue in this case.

AHB transaction size is greater than the memory size:

In this case, the FMC splits the AHB transaction into smaller consecutive memory

accesses to meet the external data width. The FMC Chip Select (FMC_NEX) does not

toggle between the consecutive accesses.

AHB transaction size is smaller than the memory size:

The transfer may or not be consistent depending on the type of external device:

—  Accesses to devices that have the byte select feature (SRAM, ROM, PSRAM)
In this case, the FMC allows read/write transactions and accesses the right data
through its byte lanes NBL[1:0].

Bytes to be written are addressed by NBL[1:0].
All memory bytes are read (NBL[1:0] are driven low during read transaction) and
the useless ones are discarded.

—  Accesses to devices that do not have the byte select feature (NOR and NAND
Flash memories)

This situation occurs when a byte access is requested to a 16-bit wide Flash
memory. Since the device cannot be accessed in byte mode (only 16-bit words
can be read/written from/to the Flash memory), Write transactions and Read
transactions are allowed (the controller reads the entire 16-bit memory word and
uses only the required byte).

Configuration registers

The FMC can be configured through a set of registers. Refer to Section 14.5.6, for a
detailed description of the NOR Flash/PSRAM controller registers. Refer to Section 14.6.8,
for a detailed description of the NAND Flash/PC Card registers.

External device address mapping

From the FMC point of view, the external memory is divided into fixed-size banks of
256 Mbytes each (see Figure 30):

Bank 1 used to address up to 4 NOR Flash memory or PSRAM devices. This bank is
splitinto 4 NOR/PSRAM subbanks with 4 dedicated Chip Selects, as follows:

— Bank 1-NOR/PSRAM 1

— Bank 1-NOR/PSRAM 2

Bank 1 - NOR/PSRAM 3

— Bank 1-NOR/PSRAM 4

Banks 2 and 3 used to address NAND Flash memory devices (1 device per bank)
Bank 4 used to address a PC Card

For each bank the type of memory to be used can be configured by the user application
through the Configuration register.

3
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Figure 30. FMC memory banks

Address Bank Supported memory type
0x6000 0000
Bank 1 NOR/PSRAM/SRAM
4 x 64 MB
O0X6FFF FFFF
0x7000 0000
Bank 2
4 x 64 MB

OXTFFF FFFF

%AND Flash memory

0x8000 0000

Bank 3
4 x 64 MB

OXBFFF FFFF

0x9000 0000

Bank 4
4x64 MB PC Card

OX9FFF FFFF

MS34475V1

14.4.1 NOR/PSRAM address mapping

HADDR[27:26] bits are used to select one of the four memory banks as shown in Table 43.

Table 43. NOR/PSRAM bank selection

HADDR[27:26](") Selected bank
00 Bank 1 - NOR/PSRAM 1
01 Bank 1 - NOR/PSRAM 2
10 Bank 1 - NOR/PSRAM 3
11 Bank 1 - NOR/PSRAM 4

1. HADDR are internal AHB address lines that are translated to external memory.

The HADDR][25:0] bits contain the external memory address. Since HADDR is a byte
address whereas the memory is addressed at word level, the address actually issued to the
memory varies according to the memory data width, as shown in the following table.

Table 44. NOR/PSRAM External memory address

Memory width(" Data address issued to the memory | Maximum memory capacity (bits)
8-bit HADDR][25:0] 64 Mbytes x 8 = 512 Mbit
16-bit HADDR[25:1] >> 1 64 Mbytes/2 x 16 = 512 Mbit
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1. In case of a 16-bit external memory width, the FMC will internally use HADDR[25:1] to generate the
address for external memory FMC_A[24:0].
Whatever the external memory width, FMC_A[Q] should be connected to external memory address A[0].

Wrap support for NOR Flash/PSRAM

Wrap burst mode for synchronous memories is not supported. The memories must be

configured in linear burst mode of undefined length.

14.4.2

NAND Flash memory/PC Card address mapping

In this case, three banks are available, each of them being divided into memory areas as
indicated in Table 45.

Table 45. NAND/PC Card memory mapping and timing registers

Start address | End address FMC bank Memory space Timing register

0x9CO00 0000 | OX9FFF FFFF /10 FMC_PI0O4 (0xB0)

0x9800 0000 0x9BFF FFFF |Bank 4 - PC card Attribute FMC_PATT4 (0xAC)

0x9000 0000 0x93FF FFFF Common FMC_PMEM4 (0xA8)

0x8800 0000 0x8BFF FFFF Attribute FMC_PATT3 (0x8C)
Bank 3 - NAND Flash

0x8000 0000 0x83FF FFFF Common FMC_PMEMS3 (0x88)

0x7800 0000 0x7BFF FFFF Attribute FMC_PATT2 (0x6C)
Bank 2- NAND Flash

0x7000 0000 0x73FF FFFF Common FMC_PMEM2 (0x68)

For NAND Flash memory, the common and attribute memory spaces are subdivided into
three sections (see in Table 46 below) located in the lower 256 Kbytes:

e Data section (first 64 Kbytes in the common/attribute memory space)
e Command section (second 64 Kbytes in the common / attribute memory space)
e Address section (next 128 Kbytes in the common / attribute memory space)

Table 46. NAND bank selection

Section name

HADDR[17:16]

Address range

Address section 1X 0x020000-0x03FFFF
Command section 01 0x010000-0x01FFFF
Data section 00 0x000000-0xOFFFF

The application software uses the 3 sections to access the NAND Flash memory:

e To sending a command to NAND Flash memory, the software must write the
command value to any memory location in the command section.

e To specify the NAND Flash address that must be read or written, the software
must write the address value to any memory location in the address section. Since an
address can be 4 or 5 bytes long (depending on the actual memory size), several
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consecutive write operations to the address section are required to specify the full
address.

e To read or write data, the software reads or writes the data from/to any memory
location in the data section.

Since the NAND Flash memory automatically increments addresses, there is no need to

increment the address of the data section to access consecutive memory locations.

14.5 NOR Flash/PSRAM controller

3

The FMC generates the appropriate signal timings to drive the following types of memories:
e  Asynchronous SRAM and ROM
— 8hits
— 16 bits
e PSRAM (Cellular RAM)
— Asynchronous mode
—  Burst mode for synchronous accesses
—  Multiplexed or non-multiplexed
e NOR Flash memory
— Asynchronous mode
—  Burst mode for synchronous accesses
—  Multiplexed or non-multiplexed
The FMC outputs a unique Chip Select signal, NE[4:1], per bank. All the other signals
(addresses, data and control) are shared.
The FMC supports a wide range of devices through a programmable timings among which:
e  Programmable wait states (up to 15)
e  Programmable bus turnaround cycles (up to 15)
e  Programmable output enable and write enable delays (up to 15)

e Independent read and write timings and protocol to support the widest variety of
memories and timings

e  Programmable continuous clock (FMC_CLK) output.

The FMC Clock (FMC_CLK) is a submultiple of the HCLK clock. It can be delivered to the
selected external device either during synchronous accesses only or during asynchronous
and synchronous accesses depending on the CCKEN bit configuration in the FMC_BCR1
register:

e Ifthe CCLKEN bit is reset, the FMC generates the clock (CLK) only during
synchronous accesses (Read/write transactions).

e Ifthe CCLKEN bit is set, the FMC generates a continuous clock during asynchronous
and synchronous accesses. To generate the FMC_CLK continuous clock, Bank 1 must
be configured in synchronous mode (see Section 14.5.6: NOR/PSRAM controller
registers). Since the same clock is used for all synchronous memories, when a
continuous output clock is generated and synchronous accesses are performed, the
AHB data size has to be the same as the memory data width (MWID) otherwise the
FMC_CLK frequency will be changed depending on AHB data transaction (refer to
Section 14.5.5: Synchronous transactions for FMC_CLK divider ratio formula).
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The size of each bank is fixed and equal to 64 Mbytes. Each bank is configured through
dedicated registers (see Section 14.5.6: NOR/PSRAM controller registers).

The programmable memory parameters include access times (see Table 47) and support

for wait management (for PSRAM and NOR Flash accessed in burst mode).

Table 47. Programmable NOR/PSRAM access parameters

Parameter Function Access mode Unit Min. | Max.
Address Duration of the address Asvnchronous AHB clock cycle 0 15
setup setup phase y (HCLK)
Duration of the address hold | Asynchronous, | AHB clock cycle
Address hold phase muxed I/Os (HCLK) 1 15
Duration of the data setup AHB clock cycle
Data setup phase Asynchronous (HCLK) 1 256
Duration of the bus Asynchronousand AHB clock cycle
Bust turn synchronous 0 15
turnaround phase . (HCLK)
read/write
Clock divide | \umber of AHB clock cycles AHB clock cycle
ratio (HCLK) to build one memory Synchronous (HCLK) 2 16
clock cycle (CLK)
Number of clock cycles to Memorv clock
Data latency | issue to the memory before Synchronous c cler(),CLK) 2 17
the first data of the burst 4

14.5.1 External memory interface signals
Table 48, Table 49 and Table 50 list the signals that are typically used to interface with NOR
Flash memory, SRAM and PSRAM.
Note: The prefix “N” identifies the signals which are active low.
NOR Flash memory, non-multiplexed 1/Os
Table 48. Non-multiplexed I/O NOR Flash memory
FMC signal name /10 Function
CLK O | Clock (for synchronous access)
A[25:0] O | Address bus
D[15:0] 1/0 | Bidirectional data bus
NE[X] O |Chipselect,x=1.4
NOE O | Output enable
NWE O | Write enable
_ Latch enable (this signal is called address valid, NADV, by some
NL(=NADV) O | NOR Flash devices)
NWAIT I NOR Flash wait input signal to the FMC
The maximum capacity is 512 Mbits (26 address lines).
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NOR Flash memory, 16-bit multiplexed 1/Os

Table 49. 16-bit multiplexed I/O NOR Flash memory

FMC signal name 110 Function
CLK (0] Clock (for synchronous access)
A[25:16] O | Address bus
AD[15:0] e 16—bi_t multiplexed, bidi_rectional agdress/data bus (the 16-bit address
A[15:0] and data D[15:0] are multiplexed on the databus)
NE[X] (0] Chip select, x=1..4
NOE (0] Output enable
NWE O | Write enable
NL(=NADV) 0 t?atgg zr;sibclees()this signal is called address valid, NADV, by some NOR
NWAIT NOR Flash wait input signal to the FMC

The maximum capacity is 512 Mbits.

PSRAM/SRAM, non-multiplexed I/Os

Table 50. Non-multiplexed I/Os PSRAM/SRAM

FMC signal name | 1/O Function
CLK O | Clock (only for PSRAM synchronous access)
A[25:0] O |Address bus
D[15:0] 1/0 | Data bidirectional bus
NE[X] O | Chip select, x = 1..4 (called NCE by PSRAM (Cellular RAM i.e. CRAM))
NOE O | Output enable
NWE O | Write enable
NL(= NADV) O | Address valid only for PSRAM input (memory signal name: NADV)
NWAIT I | PSRAM wait input signal to the FMC
NBL[1:0] O | Byte lane output. Byte 0 and byte 1 control (upper and lower byte enable)

The maximum capacity is 512 Mbits.

PSRAM, 16-bit multiplexed 1/Os

Table 51. 16-Bit multiplexed I/O PSRAM

FMC signal name | 1/O Function

CLK o)
A[25:16] o)

Clock (for synchronous access)

Address bus

16-bit multiplexed, bidirectional address/data bus (the 16-bit address

AD[15:0] A[15:0] and data D[15:0] are multiplexed on the databus)

1’0

3
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Table 51. 16-Bit multiplexed /0 PSRAM (continued)

FMC signal name | 1/O Function
NE[x] O |Chip Select, x = 1..4 (called NCE by PSRAM (Cellular RAM i.e. CRAM))
NOE O | Output enable
NWE O | Write enable
NL(= NADV) O | Address valid PSRAM input (memory signal name: NADV)
NWAIT I | PSRAM wait input signal to the FMC
NBL[1:0] O |Byte lane output. Byte 0 and byte 1 control (upper and lower byte enable)

The maximum capacity is 512 Mbits (26 address lines).

Supported memories and transactions

Table 52 shows an example of the supported devices, access modes and transactions
when the memory data bus is 16-bit wide for NOR Flash memory, PSRAM and SRAM. The
transactions not allowed (or not supported) by the FMC are shown in gray in this example.

Table 52. NOR Flash/PSRAM: example of supported memories and

transactions

AHB Memo Allowed/
Device Mode R/W| data Yy not Comments
. data size
size allowed
Asynchronous | R 8 16 Y -
Asynchronous | W 8 16 N -
Asynchronous | R 16 16 Y -
Asynchronous | W 16 16 Y -
NOR Flash | Asynchronous | R 32 16 Y Split into 2 FMC accesses
(muxed 1/Os
and nonmuxed | Asynchronous | W 32 16 Y Split into 2 FMC accesses
1/Os)
NEPICAIRIOTE) R - 16 N Mode is not supported
page
Synchronous | R 8 16 N -
Synchronous | R 16 16 -
Synchronous | R 32 16 Y -
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Table 52. NOR Flash/PSRAM: example of supported memories and transactions
(continued)
AHB Memo Allowed/
Device Mode R/W| data _ry not Comments
. data size
size allowed
Asynchronous | R 8 16 Y -
Asynchronous | W 8 16 Y Use of byte lanes NBL[1:0]
Asynchronous | R 16 16 Y -
Asynchronous | W 16 16 Y -
Asynchronous | R 32 16 Y Split into 2 FMC accesses
PSRAM
(multiplexed | Asynchronous | W 32 16 Y Splitinto 2 FMC accesses
I/Os and non-
multiplexed Asynchronous R = 16 N Mode is not supported
page
1/Os)
Synchronous | R 8 16 N -
Synchronous | R 16 16 Y -
Synchronous | R 32 16 Y -
Synchronous | W 8 16 Y Use of byte lanes NBL[1:0]
Synchronous | W 16/32 16 Y -
Asynchronous | R 8/16 16 Y -
Asynchronous | W 8/16 16 Y Use of byte lanes NBL[1:0]
SRAM and
ROM Asynchronous | R 32 16 Y Split into 2 FMC accesses
Split into 2 FMC accesses
Asynchronous | W | 32 16 Y | Use of byte lanes NBL[1:0]

General timing rules

Signals synchronization

All controller output signals change on the rising edge of the internal clock (HCLK)

In synchronous mode (read or write), all output signals change on the rising edge of

HCLK. Whatever the CLKDIV value, all outputs change as follows:

—  NOEL/NWEL/ NEL/NADVL/ NADVH /NBLL/ Address valid outputs change on the
falling edge of FMC_CLK clock.

— NOEH/ NWEH / NEH/ NOEH/NBLH/ Address invalid outputs change on the rising
edge of FMC_CLK clock.
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14.5.4 NOR Flash/PSRAM controller asynchronous transactions
Asynchronous static memories (NOR Flash, PSRAM, SRAM)

e Signals are synchronized by the internal clock HCLK. This clock is not issued to the
memory

e  The FMC always samples the data before de-asserting the NOE signal. This
guarantees that the memory data hold timing constraint is met (minimum Chip Enable
high to data transition is usually 0 ns)

e If the extended mode is enabled (EXTMOD bit is set in the FMC_BCRXx register), up to
four extended modes (A, B, C and D) are available. It is possible to mix A, B, C and D
modes for read and write operations. For example, read operation can be performed in
mode A and write in mode B.

e Ifthe extended mode is disabled (EXTMOD bit is reset in the FMC_BCRXx register), the
FMC can operate in mode 1 or mode 2 as follows:

—  Mode 1 is the default mode when SRAM/PSRAM memory type is selected (MTYP
= 0x0 or 0x01 in the FMC_BCRXx register)

—  Mode 2 is the default mode when NOR memory type is selected (MTYP = 0x10 in
the FMC_BCRXx register).

Mode 1 - SRAM/PSRAM (CRAM)

The next figures show the read and write transactions for the supported modes followed by
the required configuration of FMC _BCRx, and FMC_BTRx/FMC_BWTRXx registers.

Figure 31. Mode 1 read access waveforms
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Figure 32. Mode 1 write access waveforms
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The one HCLK cycle at the end of the write transaction helps guarantee the address and
data hold time after the NWE rising edge. Due to the presence of this HCLK cycle, the
DATAST value must be greater than zero (DATAST > 0).

Table 53. FMC_BCRXx bitfields (mode 1)

nuani:)er Bit name Value to set
31-21 Reserved 0x000
20 CCLKEN As needed
19 CBURSTRW 0x0 (no effect in asynchronous mode)
18:16 Reserved 0x0
15 ASYNCWAIT S.et to 1 if the memory supports this feature. Otherwise keep at
14 EXTMOD 0x0
13 WAITEN 0x0 (no effect in asynchronous mode)
12 WREN As needed
11 WAITCFG Don't care
10 WRAPMOD 0x0
9 WAITPOL Meaningful only if bit 15 is 1
8 BURSTEN 0x0
7 Reserved 0x1
6 FACCEN Don't care
5-4 MWID As needed
3-2 MTYP As needed, exclude 0x2 (NOR Flash memory)
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Table 53. FMC_BCRXx bitfields (mode 1) (continued)

Bit

number Bit name Value to set
1 MUXE 0x0
0 MBKEN 0x1
Table 54. FMC_BTRXx bitfields (mode 1)
nuani:)er Bit name Value to set
31:30 Reserved 0x0
29-28 ACCMOD Don'’t care
27-24 DATLAT Don't care
23-20 CLKDIV Don'’t care
19-16 BUSTURN Time between NEx high to NEx low (BUSTURN HCLK)
15-8 DATAST quation of the second access phase (DATAST+1 HCLK cycles for
write accesses, DATAST HCLK cycles for read accesses).
7-4 ADDHLD Don’t care
3.0 ADDSET Duration of the first access phase (ADDSET HCLK cycles).

Minimum value for ADDSET is 0.
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Mode A - SRAM/PSRAM (CRAM) OE toggling

Figure 33. Mode A read access waveforms
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Figure 34. Mode A write access waveforms
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The differences compared with mode 1 are the toggling of NOE and the independent read
and write timings.

Table 55. FMC_BCRXx bitfields (mode A)

nuani:)er Bit name Value to set
31-21 Reserved 0x000
20 CCLKEN As needed
19 CBURSTRW 0x0 (no effect in asynchronous mode)
18:16 Reserved 0x0
15 ASYNCWAIT 39t to 1 if the memory supports this feature. Otherwise keep at
14 EXTMOD 0x1
13 WAITEN 0x0 (no effect in asynchronous mode)
12 WREN As needed
11 WAITCFG Don'’t care
10 WRAPMOD 0x0
9 WAITPOL Meaningful only if bit 15 is 1
8 BURSTEN 0x0
7 Reserved 0x1
6 FACCEN Don't care
5-4 MWID As needed
3-2 MTYP As needed, exclude 0x2 (NOR Flash memory)
1 MUXEN 0x0
0 MBKEN 0x1
Table 56. FMC_BTRXx bitfields (mode A)
nuﬁ::)er Bit name Value to set
31:30 Reserved | 0x0
29-28 ACCMOD | 0x0
27-24 DATLAT Don't care
23-20 CLKDIV Don’t care
19-16 BUSTURN | Time between NEx high to NEx low (BUSTURN HCLK)
15-8 DATAST aD;;:;izgsc.)f the second access phase (DATAST HCLK cycles) for read
7-4 ADDHLD Don'’t care
Duration of the first access phase (ADDSET HCLK cycles) for read
3-0 ADDSET accesses.

Minimum value for ADDSET is 0.
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Table 57. FMC_BWTRX bitfields (mode A)

Bit Bit name Value to set
number
31:30 Reserved 0x0
29-28 ACCMOD |0x0
27-24 DATLAT Don’t care
23-20 CLKDIV Don't care
19-16 BUSTURN | Time between NEXx high to NEx low (BUSTURN HCLK)
15-8 DATAST Duration of the second access phase (DATAST HCLK cycles) for write
accesses.
7-4 ADDHLD Don’t care
Duration of the first access phase (ADDSET HCLK cycles) for write
3-0 ADDSET accesses.

Minimum value for ADDSET is 0.

Mode 2/B - NOR Flash

Figure 35. Mode 2 and mode B read access waveforms
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Figure 36. Mode 2 write access waveforms
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Figure 37. Mode B write access waveforms
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The differences with mode 1 are the toggling of NWE and the independent read and write

timings when extended mode is set (mode B).
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Table 58. FMC_BCRXx bitfields (mode 2/B)

nuani:)er Bit name Value to set
31-21 Reserved 0x000
20 CCLKEN As needed
19 CBURSTRW 0x0 (no effect in asynchronous mode)
18:16 Reserved 0x0
15 ASYNCWAIT g.et to 1 if the memory supports this feature. Otherwise keep at
14 EXTMOD 0x1 for mode B, 0x0 for mode 2
13 WAITEN 0x0 (no effect in asynchronous mode)
12 WREN As needed
11 WAITCFG Don’t care
10 WRAPMOD 0x0
9 WAITPOL Meaningful only if bit 15 is 1
8 BURSTEN 0x0
7 Reserved 0x1
6 FACCEN 0x1
5-4 MWID As needed
3-2 MTYP 0x2 (NOR Flash memory)
1 MUXEN 0x0
0 MBKEN 0x1
Table 59. FMC_BTRXx bitfields (mode 2/B)
Bit number Bit name Value to set
31-30 Reserved 0x0
29-28 ACCMOD | O0x1 if extended mode is set
27-24 DATLAT Don't care
23-20 CLKDIV Don’t care
19-16 BUSTURN | Time between NEXx high to NEx low (BUSTURN HCLK)
15-8 DATAST rl?at;?i%r; eosf Stzz access second phase (DATAST HCLK cycles) for
7-4 ADDHLD Don’t care
3.0 ADDSET Duration of the access first phase (ADDSET HCLK cycles) for read

accesses. Minimum value for ADDSET is 0.
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Table 60. FMC_BWTRXx bitfields (mode 2/B)

Bit number Bit name Value to set

31-30 Reserved 0x0

29-28 ACCMOD | Ox1 if extended mode is set

27-24 DATLAT Don’t care

23-20 CLKDIV Don't care

19-16 BUSTURN | Time between NEx high to NEx low (BUSTURN HCLK)

15-8 DATAST \lzlrJi::t;ocrl g; ;t;:access second phase (DATAST HCLK cycles) for
7-4 ADDHLD Don’t care
00 | ADpoET |Duraton of e scsss it phase ADDSET LK o) ot

The FMC_BWTRXx register is valid only if the extended mode is set (mode B), otherwise its
content is don’t care.

Mode C - NOR Flash - OE toggling

Figure 38. Mode C read access waveforms
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Figure 39. Mode C write access waveforms
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The differences compared with mode 1 are the toggling of NOE and the independent read
and write timings.

Table 61. FMC_BCRXx bitfields (mode C)

Bit No. Bit name Value to set
31-21 Reserved 0x000
20 CCLKEN As needed
19 CBURSTRW | 0x0 (no effect in asynchronous mode)
18:16 Reserved 0x0
15 ASYNCWAIT |Set to 1 if the memory supports this feature. Otherwise keep at 0.
14 EXTMOD 0x1
13 WAITEN 0x0 (no effect in asynchronous mode)
12 WREN As needed
11 WAITCFG Don'’t care
10 WRAPMOD | 0x0
9 WAITPOL Meaningful only if bit 15 is 1
8 BURSTEN 0x0
7 Reserved 0x1
6 FACCEN 0x1
5-4 MWID As needed
3-2 MTYP 0x02 (NOR Flash memory)
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Table 61. FMC_BCRXx bitfields (mode C) (continued)

Bit No. Bit name Value to set
1 MUXEN 0x0
0 MBKEN 0x1
Table 62. FMC_BTRXx bitfields (mode C)
Bit No. Bit name Value to set
31:30 Reserved 0x0
29-28 ACCMOD 0x2
27-24 DATLAT 0x0
23-20 CLKDIV 0x0
19-16 BUSTURN Time between NEx high to NEx low (BUSTURN HCLK)
15-8 DATAST Duration of the second access phase (DATAST HCLK cycles) for
read accesses.
7-4 ADDHLD Don’t care
Duration of the first access phase (ADDSET HCLK cycles) for read
30 ADDSET accesses. Minimum value for ADDSET is 0.
Table 63. FMC_BWTRXx bitfields (mode C)
Bit No. Bit name Value to set
31:30 Reserved 0x0
29-28 ACCMOD 0x2
27-24 DATLAT Don’t care
23-20 CLKDIV Don’t care
19-16 BUSTURN Time between NEXx high to NEx low (BUSTURN HCLK)
15-8 DATAST quatlon of the second access phase (DATAST HCLK cycles) for
write accesses.
7-4 ADDHLD Don’t care
3.0 ADDSET Duration of the first access phase (ADDSET HCLK cycles) for write

accesses. Minimum value for ADDSET is 0.
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Mode D - asynchronous access with extended address

Figure 40. Mode D read access waveforms
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Figure 41. Mode D write access waveforms
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The differences with mode 1 are the toggling of NOE that goes on toggling after NADV
changes and the independent read and write timings.

Table 64. FMC_BCRX bitfields (mode D)

Bit No. Bit name Value to set
31-21 Reserved 0x000
20 CCLKEN As needed
19 CBURSTRW 0x0 (no effect in asynchronous mode)
18:16 Reserved 0x0
15 ASYNCWAIT :te(t)'to 1 if the memory supports this feature. Otherwise keep
14 EXTMOD Ox1
13 WAITEN 0x0 (no effect in asynchronous mode)
12 WREN As needed
11 WAITCFG Don’t care
10 WRAPMOD 0x0
9 WAITPOL Meaningful only if bit 15 is 1
8 BURSTEN 0x0
7 Reserved Ox1
6 FACCEN Set according to memory support
5-4 MWID As needed
3-2 MTYP As needed
1 MUXEN 0x0
0 MBKEN 0x1
Table 65. FMC_BTRXx bitfields (mode D)
Bit No. Bit name Value to set
31:30 Reserved 0x0
29-28 ACCMOD 0x3
27-24 DATLAT Don’t care
23-20 CLKDIV Don'’t care
19-16 BUSTURN Time between NEx high to NEx low (BUSTURN HCLK)
15-8 DATAST rDeuar:t;c(»:r;eosttgs second access phase (DATAST HCLK cycles) for
7.4 ADDHLD (l?;crlztsic))n of the middle phase of the read access (ADDHLD HCLK
30| ADDSET | immum valoe for ADDSET 1,
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Table 66. FMC_BWTRX bitfields (mode D)

Bit No. Bit name Value to set
31:30 Reserved 0x0
29-28 ACCMOD 0x3
27-24 DATLAT Don’t care
23-20 CLKDIV Don'’t care
19-16 BUSTURN Time between NEx high to NEx low (BUSTURN HCLK)
15.8 DATAST quatlon of the second access phase (DATAST + 1 HCLK cycles) for
write accesses.
7.4 ADDHLD Duration of the middle phase of the write access (ADDHLD HCLK
cycles)
Duration of the first access phase (ADDSET HCLK cycles) for write
3-0 ADDSET accesses. Minimum value for ADDSET is 1.

Muxed mode - multiplexed asynchronous access to NOR Flash memory

Figure 42. Muxed read access waveforms
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Figure 43. Muxed write access waveforms
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The difference with mode D is the drive of the lower address byte(s) on the data bus.

Table 67. FMC_BCRXx bitfields (Muxed mode)
Bit No. Bit name Value to set
31-21 Reserved 0x000
20 CCLKEN As needed
19 CBURSTRW 0x0 (no effect in asynchronous mode)
18:16 Reserved 0x0
15 ASYNCWAIT get to 1 if the memory supports this feature. Otherwise keep at
14 EXTMOD 0x0
13 WAITEN 0x0 (no effect in asynchronous mode)
12 WREN As needed
11 WAITCFG Don't care
10 WRAPMOD 0x0
9 WAITPOL Meaningful only if bit 15 is 1
8 BURSTEN 0x0
7 Reserved 0x1
6 FACCEN 0x1
5-4 MWID As needed
3-2 MTYP 0x2 (NOR Flash memory)

256/1086
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Table 67. FMC_BCRXx bitfields (Muxed mode) (continued)

Bit No. Bit name Value to set
1 MUXEN 0x1
0 MBKEN 0x1
Table 68. FMC_BTRXx bitfields (Muxed mode)
Bit No. Bit name Value to set
31:30 Reserved 0x0
29-28 ACCMOD 0x0
27-24 DATLAT Don’t care
23-20 CLKDIV Don'’t care
19-16 BUSTURN Time between NEx high to NEx low (BUSTURN HCLK)
15-8 DATAST Duration of the second access phase (DATAST HQLK cycles for
read accesses and DATAST+1 HCLK cycles for write accesses).
7-4 ADDHLD Duration of the middle phase of the access (ADDHLD HCLK cycles).
50 | ADDSET | Puston ofbe s scess prase (ADDSET HGLK i)

WAIT management in asynchronous accesses

If the asynchronous memory asserts the WAIT signal to indicate that it is not yet ready to
accept or to provide data, the ASYNCWAIT bit has to be set in FMC_BCRXx register.

If the WAIT signal is active (high or low depending on the WAITPOL bit), the second access
phase (Data setup phase), programmed by the DATAST bits, is extended until WAIT
becomes inactive. Unlike the data setup phase, the first access phases (Address setup and
Address hold phases), programmed by the ADDSET and ADDHLD bits, are not WAIT
sensitive and so they are not prolonged.

The data setup phase must be programmed so that WAIT can be detected 4 HCLK cycles
before the end of the memory transaction. The following cases must be considered:

3
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1. The memory asserts the WAIT signal aligned to NOE/NWE which toggles:
DATAST > (4 x HCLK) + max_wait_assertion_time

2.  The memory asserts the WAIT signal aligned to NEx (or NOE/NWE not toggling):
if

max_wait_assertion_time > address_phase + hold_phase
then:
DATAST > (4 x HCLK) + (max_wait_assertion_time — address_phase — hold_phase)

otherwise
DATAST >4 x HCLK

where max_wait_assertion_time is the maximum time taken by the memory to assert
the WAIT signal once NEx/NOE/NWE is low.

Figure 44 and Figure 45 show the number of HCLK clock cycles that are added to the
memory access phase after WAIT is released by the asynchronous memory (independently
of the above cases).

Figure 44. Asynchronous wait during a read access waveforms
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1. NWAIT polarity depends on WAITPOL bit setting in FMC_BCRX register.
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Figure 45. Asynchronous wait during a write access waveforms
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1. NWAIT polarity depends on WAITPOL bit setting in FMC_BCRX register.

14.5.5 Synchronous transactions

The memory clock, FMC_CLK, is a submultiple of HCLK. It depends on the value of
CLKDIV and the MWID/ AHB data size, following the formula given below:

FMC_CLK divider ratio = max(CLKDIV + 1,MWID(AHB data size))

Whatever WID size: 16 or 8-bit, the FMC_CLK divider ratio is always defined by the
programmed CLKDIV value.

Example:
e If CLKDIV=1, MWID = 16 bits, AHB data size=8 bits, FMC_CLK=HCLK/2.

NOR Flash memories specify a minimum time from NADV assertion to CLK high. To meet
this constraint, the FMC does not issue the clock to the memory during the first internal
clock cycle of the synchronous access (before NADV assertion). This guarantees that the
rising edge of the memory clock occurs in the middle of the NADV low pulse.

Data latency versus NOR memory latency

The data latency is the number of cycles to wait before sampling the data. The DATLAT
value must be consistent with the latency value specified in the NOR Flash configuration
register. The FMC does not include the clock cycle when NADV is low in the data latency
count.
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Caution:

260/1086

Some NOR Flash memories include the NADV Low cycle in the data latency count, so that
the exact relation between the NOR Flash latency and the FMC DATLAT parameter can be
either:

e NOR Flash latency = (DATLAT + 2) CLK clock cycles
e or NOR Flash latency = (DATLAT + 3) CLK clock cycles

Some recent memories assert NWAIT during the latency phase. In such cases DATLAT can
be set to its minimum value. As a result, the FMC samples the data and waits long enough
to evaluate if the data are valid. Thus the FMC detects when the memory exits latency and
real data are processed.

Other memories do not assert NWAIT during latency. In this case the latency must be set
correctly for both the FMC and the memory, otherwise invalid data are mistaken for good
data, or valid data are lost in the initial phase of the memory access.

Single-burst transfer

When the selected bank is configured in burst mode for synchronous accesses, if for
example an AHB single-burst transaction is requested on 16-bit memories, the FMC
performs a burst transaction of length 1 (if the AHB transfer is 16 bits), or length 2 (if the
AHB transfer is 32 bits) and de-assert the Chip Select signal when the last data is strobed.

Such transfers are not the most efficient in terms of cycles compared to asynchronous read
operations. Nevertheless, a random asynchronous access would first require to re-program
the memory access mode, which would altogether last longer.

Wait management

For synchronous NOR Flash memories, NWAIT is evaluated after the programmed latency
period, which corresponds to (DATLAT+2) CLK clock cycles.

If NWAIT is active (low level when WAITPOL = 0, high level when WAITPOL = 1), wait
states are inserted until NWAIT is inactive (high level when WAITPOL = 0, low level when
WAITPOL = 1).

When NWAIT is inactive, the data is considered valid either immediately (bit WAITCFG = 1)
or on the next clock edge (bit WAITCFG = 0).

During wait-state insertion via the NWAIT signal, the controller continues to send clock
pulses to the memory, keeping the Chip Select and output enable signals valid. It does not
consider the data as valid.

In burst mode, there are two timing configurations for the NOR Flash NWAIT signal:

e The Flash memory asserts the NWAIT signal one data cycle before the wait state
(default after reset).

e  The Flash memory asserts the NWAIT signal during the wait state

The FMC supports both NOR Flash wait state configurations, for each Chip Select, thanks
to the WAITCFG bit in the FMC_BCRX registers (x = 0..3).
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Figure 46. Wait configuration waveforms
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Figure 47. Synchronous multiplexed read mode waveforms - NOR, PSRAM (CRAM)

Memory transaction = burst of 4 half words
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1. Byte lane outputs (NBL are not shown; for NOR access, they are held high, and, for PSRAM (CRAM)
access, they are held low.
Table 69. FMC_BCRXx bitfields (Synchronous multiplexed read mode)
Bit No. Bit name Value to set
31-21 Reserved 0x000
20 CCLKEN As needed
19 CBURSTRW | No effect on synchronous read
18-15 Reserved 0x0
14 EXTMOD 0x0
13 WAITEN to be sgt to 1 if the memory supports this feature, to be kept at 0
otherwise
12 WREN no effect on synchronous read
11 WAITCFG to be set according to memory
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Table 69. FMC_BCRXx bitfields (Synchronous multiplexed read mode) (continued)

Bit No. Bit name Value to set
10 WRAPMOD | 0x0
9 WAITPOL to be set according to memory
8 BURSTEN 0x1
7 Reserved 0x1
6 FACCEN Set according to memory support (NOR Flash memory)
5-4 MWID As needed
3-2 MTYP 0x1 or 0x2
1 MUXEN As needed
0 MBKEN 0x1

Table 70. FMC_BTRXx bitfields (Synchronous multiplexed read mode)

Bit No. Bit name Value to set
31:30 Reserved 0x0
29:28 ACCMOD 0x0
27-24 DATLAT Data latency
27-24 DATLAT Data latency
0x0 to get CLK = HCLK (Not supported)
23-20 CLKDIV 0x1 to get CLK = 2 x HCLK
19-16 BUSTURN Time between NEXx high to NEx low (BUSTURN HCLK)
15-8 DATAST Don'’t care
7-4 ADDHLD Don’t care
3-0 ADDSET Don’t care
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Figure 48. Synchronous multiplexed write mode waveforms - PSRAM (CRAM)
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1. The memory must issue NWAIT signal one cycle in advance, accordingly WAITCFG must be programmed
to 0.

2. Byte lane (NBL) outputs are not shown, they are held low while NEXx is active.

Table 71. FMC_BCRXx bitfields (Synchronous multiplexed write mode)

Bit No. Bit name Value to set

31-20 Reserved 0x000
20 CCLKEN As needed
19 CBURSTRW | 0x1

18-15 Reserved 0x0
14 EXTMOD 0x0
13 WAITEN to be sgt to 1 if the memory supports this feature, to be kept at 0

otherwise.
12 WREN 0x1
11 WAITCFG 0x0
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Table 71. FMC_BCRXx bitfields (Synchronous multiplexed write mode) (continued)

Bit No. Bit name Value to set
10 WRAPMOD | 0x0
9 WAITPOL to be set according to memory
8 BURSTEN no effect on synchronous write
7 Reserved 0x1
6 FACCEN Set according to memory support
5-4 MWID As needed
3-2 MTYP 0x1
1 MUXEN As needed
0 MBKEN 0x1

Table 72. FMC_BTRXx bitfields (Synchronous multiplexed write mode)

Bit No. Bit name Value to set
31-30 Reserved 0x0
29:28 ACCMOD 0x0
27-24 DATLAT Data latency
0x0 to get CLK = HCLK (not supported
23-20 CLKDIV 0x1 to get CLK =2 x HC(LK proried
19-16 BUSTURN Time between NEXx high to NEx low (BUSTURN HCLK)
15-8 DATAST Don'’t care
7-4 ADDHLD Don’t care
3-0 ADDSET Don’t care
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14.5.6 NOR/PSRAM controller registers
SRAM/NOR-Flash chip-select control registers x (FMC_BCRXx)
Address offset: 8 * (x — 1), (x =110 4)
Reset value: 0x0000 30DB for Bank1 and 0x0000 30D2 for Bank 2 to 4
This register contains the control information of each memory bank, used for SRAMs,
PSRAM and NOR Flash memories.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
> | % Zlal= ~191813|3 z z|=
g5 SIS|ElT(s|zlelE] |8 £ | & |4k
E SIE|Z|E|E(2|E12] |8 2 | & (2|8
°18 B EHEE S s

Bits 31: 21 Reserved, must be kept at reset value

Bit 20 CCLKEN: Continuous Clock Enable.

This bit enables the FMC_CLK clock output to external memory devices.

0: The FMC_CLK is only generated during the synchronous memory access (read/write
transaction). The FMC_CLK clock ratio is specified by the programmed CLKDIV value in the
FMC_BCRKXx register (default after reset) .

1: The FMC_CLK is generated continuously during asynchronous and synchronous access. The
FMC_CLK clock is activated when the CCLKEN is set.

Note: The CCLKEN bit of the FMC_BCR2..4 registers is don'’t care. It is only enabled through the
FMC_BCR1 register. Bank 1 must be configured in synchronous mode to generate the
FMC_CLK continuous clock.

Note: If CCLKEN bit is set, the FMC_CLK clock ratio is specified by CLKDIV value in the
FMC_BTR1 register. CLKDIV in FMC_BWTR1 is don’t care.

Note: If the synchronous mode is used and CCLKEN bit is set, the synchronous memories
connected to other banks than Bank 1 are clocked by the same clock (the CLKDIV value in
the FMC_BTRZ2..4 and FMC_BWTR?2..4 registers for other banks has no effect.)

Bit 19 CBURSTRW: Write burst enable.
For PSRAM (CRAM) operating in burst mode, the bit enables synchronous accesses during write
operations. The enable bit for synchronous read accesses is the BURSTEN bit in the FMC_BCRXx
register.
0: Write operations are always performed in asynchronous mode
1: Write operations are performed in synchronous mode.
Bits 18:16 Reserved, must be kept at reset value
Bit 15 ASYNCWAIT: Wait signal during asynchronous transfers

266/1086

This bit enables/disables the FMC to use the wait signal even during an asynchronous protocol.
0: NWAIT signal is not taken in to account when running an asynchronous protocol (default after
reset)
1: NWAIT signal is taken in to account when running an asynchronous protocol
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Bit 14 EXTMOD: Extended mode enable.

Bit 13

Bit 12

Bit 11

Bit 10

3

Bit 9

Bit 8

Bit 7
Bit 6

This bit enables the FMC to program the write timings for asynchronous accesses inside the
FMC_BWTR register, thus resulting in different timings for read and write operations.

0: values inside FMC_BWTR register are not taken into account (default after reset)
1: values inside FMC_BWTR register are taken into account
Note: When the extended mode is disabled, the FMC can operate in mode 1 or mode 2 as follows:

—  Mode 1 is the default mode when the SRAM/PSRAM memory type is selected (MTYP
=0x0 or 0x01)

—  Mode 2 is the default mode when the NOR memory type is selected (MTYP = 0x10).

WAITEN: Wait enable bit.

This bit enables/disables wait-state insertion via the NWAIT signal when accessing the memory in
synchronous mode.

0: NWAIT signal is disabled (its level not taken into account, no wait state inserted after the
programmed Flash latency period)
1: NWAIT signal is enabled (its level is taken into account after the programmed latency period to
insert wait states if asserted) (default after reset)

WREN: Write enable bit.

This bit indicates whether write operations are enabled/disabled in the bank by the FMC:
0: Write operations are disabled in the bank by the FMC, an AHB error is reported,
1: Write operations are enabled for the bank by the FMC (default after reset).

WAITCFG: Wait timing configuration.

The NWAIT signal indicates whether the data from the memory are valid or if a wait state must be
inserted when accessing the memory in synchronous mode. This configuration bit determines if
NWAIT is asserted by the memory one clock cycle before the wait state or during the wait state:

0: NWAIT signal is active one data cycle before wait state (default after reset),
1: NWAIT signal is active during wait state (not used for PSRAM).

WRAPMOD: Wrapped burst mode support.

Defines whether the controller will or not split an AHB burst wrap access into two linear accesses.
Valid only when accessing memories in burst mode

0: Direct wrapped burst is not enabled (default after reset),
1: Direct wrapped burst is enabled.
Note: This bit has no effect as the CPU and DMA cannot generate wrapping burst transfers.

WAITPOL: Wait signal polarity bit.

Defines the polarity of the wait signal from memory used for either in synchronous or asynchronous
mode:

0: NWAIT active low (default after reset),
1: NWAIT active high.

BURSTEN: Burst enable bit.

This bit enables/disables synchronous accesses during read operations. It is valid only for
synchronous memories operating in burst mode:

0: Burst mode disabled (default after reset). Read accesses are performed in asynchronous mode.
1: Burst mode enable. Read accesses are performed in synchronous mode.
Reserved, must be kept at reset value

FACCEN: Flash access enable
Enables NOR Flash memory access operations.
0: Corresponding NOR Flash memory access is disabled
1: Corresponding NOR Flash memory access is enabled (default after reset)
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Bits 5:4 MWID: Memory data bus width.
Defines the external memory device width, valid for all type of memories.
00: 8 bits
01: 16 bits (default after reset)
10: reserved, do not use
11: reserved, do not use

Bits 3:2 MTYP: Memory type.
Defines the type of external memory attached to the corresponding memory bank:
00: SRAM (default after reset for Bank 2...4)
01: PSRAM (CRAM)
10: NOR Flash/OneNAND Flash (default after reset for Bank 1)
11: reserved

Bit 1 MUXEN: Address/data multiplexing enable bit.
When this bit is set, the address and data values are multiplexed on the data bus, valid only with
NOR and PSRAM memories:

0: Address/Data nonmultiplexed
1: Address/Data multiplexed on databus (default after reset)

Bit 0 MBKEN: Memory bank enable bit.
Enables the memory bank. After reset Bank1 is enabled, all others are disabled. Accessing a
disabled bank causes an ERROR on AHB bus.

0: Corresponding memory bank is disabled
1: Corresponding memory bank is enabled

SRAM/NOR-Flash chip-select timing registers x (FMC_BTRXx)
Address offset: 0x04 + 8 * (x — 1), (x = 1 to 4)

Reset value: OxOFFF FFFF

Reset value: OxOFFF FFFF

This register contains the control information of each memory bank, used for SRAMs,
PSRAM and NOR Flash memories.If the EXTMOD bit is set in the FMC_BCRX register, then
this register is partitioned for write and read access, that is, 2 registers are available: one to
configure read accesses (this register) and one to configure write accesses (FMC_BWTRXx
registers).

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

=] Z a —
o brd = ['4 s a W
s 3 [a) 2 < T %)
o & X b g [a) a
2 o (&) g o < <
rw|rw rw|rw|rw|rw rw|rw|rw|rw rw|rw|rw|rw rw|rw|rw|rw|rw|rw|rw|rw rw|rw|rw|rw rw|rw|rw|rw
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Bits 31:30 Reserved, must be kept at reset value
Bits 29:28 ACCMOD: Access mode
Specifies the asynchronous access modes as shown in the timing diagrams. These bits are
taken into account only when the EXTMOD bit in the FMC_BCRXx register is 1.
00: access mode A
01: access mode B
10: access mode C
11: access mode D
Bits 27:24 DATLAT: (see note below bit descriptions): Data latency for synchronous memory
For synchronous access with read/write burst mode enabled (BURSTEN / CBURSTRW bits
set), defines the number of memory clock cycles (+2) to issue to the memory before
reading/writing the first data:
This timing parameter is not expressed in HCLK periods, but in FMC_CLK periods.
For asynchronous access, this value is don't care.
0000: Data latency of 2 CLK clock cycles for first burst access
1111: Data latency of 17 CLK clock cycles for first burst access (default value after reset)
Bits 23:20 CLKDIV: Clock divide ratio (for FMC_CLK signal)

3

Defines the period of FMC_CLK clock output signal, expressed in number of HCLK cycles:
0000: Reserved
0001: FMC_CLK period = 2 x HCLK periods
0010: FMC_CLK period = 3 x HCLK periods
1111: FMC_CLK period = 16 x HCLK periods (default value after reset)
In asynchronous NOR Flash, SRAM or PSRAM accesses, this value is don’t care.
Note: Refer to Section 14.5.5: Synchronous transactions for FMC_CLK divider ratio formula)
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Bits 19:16 BUSTURN][3:0]: Bus turnaround phase duration

These bits are written by software to add a delay at the end of a write-to-read (and read-to-
write) transaction. This delay allows to match the minimum time between consecutive
transactions (tEHEL from NEx high to NEx low) and the maximum time needed by the memory
to free the data bus after a read access (tEHQZ). The programmed bus turnaround delay is
inserted between an asynchronous read (muxed or mode D) or write transaction and any other
asynchronous /synchronous read or write to or from a static bank. The bank can be the same or
different in case of read, in case of write the bank can be different except for muxed or mode D.

In some cases, whatever the programmed BUSTRUN values, the bus turnaround delay is fixed
as follows:

The bus turnaround delay is not inserted between two consecutive asynchronous write
transfers to the same static memory bank except for modes muxed and D.

There is a bus turnaround delay of 1 FMC clock cycle between:

—Two consecutive asynchronous read transfers to the same static memory bank except for
modes muxed and D.

—An asynchronous read to an asynchronous or synchronous write to any static bank or
dynamic bank except for modes muxed and D.

—An asynchronous (modes 1, 2, A, B or C) read and a read from another static bank.
There is a bus turnaround delay of 2 FMC clock cycle between:
—Two consecutive synchronous writes (burst or single) to the same bank.

—A synchronous write (burst or single) access and an asynchronous write or read transfer to
or from static memory bank (the bank can be the same or different for the case of read).

—Two consecutive synchronous reads (burst or single) followed by any
synchronous/asynchronous read or write from/to another static memory bank.

There is a bus turnaround delay of 3 FMC clock cycle between:
—Two consecutive synchronous writes (burst or single) to different static bank.
A synchronous write (burst or single) access and a synchronous read from the same or a

different bank.
0000: BUSTURN phase duration = 0 HCLK clock cycle added

1111: BUSTURN phase duration = 15 x HCLK clock cycles (default value after reset)
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Bits 15:8

Bits 7:4

Bits 3:0

DATAST: Data-phase duration

These bits are written by software to define the duration of the data phase (refer to Figure 31 to
Figure 43), used in asynchronous accesses:

0000 0000: Reserved
0000 0001: DATAST phase duration = 1 x HCLK clock cycles
0000 0010: DATAST phase duration = 2 x HCLK clock cycles

1111 1111: DATAST phase duration = 255 x HCLK clock cycles (default value after reset)

For each memory type and access mode data-phase duration, please refer to the respective
figure (Figure 31 to Figure 43).

Example: Mode1, write access, DATAST=1: Data-phase duration= DATAST+1 = 2 HCLK clock
cycles.

Note: In synchronous accesses, this value is don’t care.

ADDHLD: Address-hold phase duration

These bits are written by software to define the duration of the address hold phase (refer to
Figure 31 to Figure 43), used in mode D or multiplexed accesses:

0000: Reserved
0001: ADDHLD phase duration =1 x HCLK clock cycle
0010: ADDHLD phase duration = 2 x HCLK clock cycle

1111: ADDHLD phase duration = 15 x HCLK clock cycles (default value after reset)

For each access mode address-hold phase duration, please refer to the respective figure
(Figure 31 to Figure 43).

Note: In synchronous accesses, this value is not used, the address hold phase is always 1
memory clock period duration.

ADDSET: Address setup phase duration

These bits are written by software to define the duration of the address setup phase (refer to
Figure 31 to Figure 43), used in SRAMs, ROMs and asynchronous NOR Flash:

0000: ADDSET phase duration = 0 x HCLK clock cycle

1111: ADDSET phase duration = 15 x HCLK clock cycles (default value after reset)

For each access mode address setup phase duration, please refer to the respective figure
(refer to Figure 31 to Figure 43).

Note: In synchronous accesses, this value is don’t care.
In Muxed mode or mode D, the minimum value for ADDSET is 1.

PSRAMs (CRAMs) have a variable latency due to internal refresh. Therefore these
memories issue the NWAIT signal during the whole latency phase to prolong the latency as
needed.

With PSRAMs (CRAMs) the filled DATLAT must be set to 0, so that the FMC exits its latency
phase soon and starts sampling NWAIT from memory, then starts to read or write when the
memory is ready.

This method can be used also with the latest generation of synchronous Flash memories
that issue the NWAIT signal, unlike older Flash memories (check the datasheet of the
specific Flash memory being used).
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SRAM/NOR-Flash write timing registers x (FMC_BWTRXx)
Address offset: 0x104 + 8 * (x — 1), (x =110 4)
Reset value: OxOFFF FFFF

This register contains the control information of each memory bank. It is used for SRAMs,
PSRAMs and NOR Flash memories. When the EXTMOD bit is set in the FMC_BCRx
register, then this register is active for write access.

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

Q Z fa) -
o % P i m
= = < I %)
= a )
[®] [99] <
&) 3 p-d a a
4 2 < <
w | rw rw|rw|rw|rw rw|rw|rw|rw|rw|rw|rw|rw rw|rw|rw|rw rw|rw|rw|rw

Bits 31:30 Reserved, must be kept at reset value

Bits 29:28 ACCMOD: Access mode.

Specifies the asynchronous access modes as shown in the next timing diagrams.These bits are
taken into account only when the EXTMOD bit in the FMC_BCRX register is 1.

00: access mode A
01: access mode B
10: access mode C
11: access mode D

Bits 27:20 Reserved, must be kept at reset value

Bits 19:16 BUSTURN: Bus turnaround phase duration

The programmed bus turnaround delay is inserted between an asynchronous write transfer and
any other asynchronous /synchronous read or write transfer to or from a static bank. The bank can
be the same or different in case of read, in case of write the bank can be different expect for muxed
or mode D.

In some cases, whatever the programmed BUSTRUN values, the bus turnaround delay is fixed as
follows:

» The bus turnaround delay is not inserted between two consecutive asynchronous write transfers to
the same static memory bank except for modes muxed and D.

» There is a bus turnaround delay of 2 FMC clock cycle between:
—Two consecutive synchronous writes (burst or single) to the same bank.

—A synchronous write (burst or single) transfer and an asynchronous write or read transfer to or
from static memory bank.

» There is a bus turnaround delay of 3 FMC clock cycle between:
—Two consecutive synchronous writes (burst or single) to different static bank.
A synchronous write (burst or single) transfer and a synchronous read from the same or a different

bank.
0000: BUSTURN phase duration = 0 HCLK clock cycle added

1111: BUSTURN phase duration = 15 HCLK clock cycles added (default value after reset)

3
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Bits 15:8 DATAST: Data-phase duration.
These bits are written by software to define the duration of the data phase (refer to Figure 31 to
Figure 43), used in asynchronous SRAM, PSRAM and NOR Flash memory accesses:
0000 0000: Reserved
0000 0001: DATAST phase duration = 1 x HCLK clock cycles
0000 0010: DATAST phase duration = 2 x HCLK clock cycles
1111 1111: DATAST phase duration = 255 x HCLK clock cycles (default value after reset)
Bits 7:4 ADDHLD: Address-hold phase duration.
These bits are written by software to define the duration of the address hold phase (refer to Figure 31
to Figure 43), used in asynchronous multiplexed accesses:
0000: Reserved
0001: ADDHLD phase duration = 1 x HCLK clock cycle
0010: ADDHLD phase duration = 2 x HCLK clock cycle
1111: ADDHLD phase duration = 15 x HCLK clock cycles (default value after reset)
Note: In synchronous NOR Flash accesses, this value is not used, the address hold phase is always
1 Flash clock period duration.
Bits 3:0 ADDSET: Address setup phase duration.
These bits are written by software to define the duration of the address setup phase in HCLK cycles
(refer to Figure 31 to Figure 43), used in asynchronous accesses:
0000: ADDSET phase duration = 0 x HCLK clock cycle
1111: ADDSET phase duration = 15 x HCLK clock cycles (default value after reset)
Note: In synchronous accesses, this value is not used, the address setup phase is always 1 Flash
clock period duration. In muxed mode, the minimum ADDSET value is 1.
14.6 NAND Flash/PC Card controller

3

The FMC generates the appropriate signal timings to drive the following types of device:
e 8- and 16-bit NAND Flash memories

e 16-bit PC Card compatible devices

The NAND Flash/PC Card controller can control three external banks, Bank 2, 3 and 4:
e Bank 2 and Bank 3 support NAND Flash devices

e Bank 4 supports PC Card devices.

Each bank is configured through dedicated registers (Section 14.6.8). The programmable
memory parameters include access timings (shown in Table 73) and ECC configuration.
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Table 73. Programmable NAND Flash/PC Card access parameters

Parameter Function Access mode Unit Min. | Max.
Memory setup Numt?er of clock cycles (HCLK) . AHB clock cycle
, required to set up the address Read/Write 1 255
time . (HCLK)
before the command assertion
.. | Minimum duration (in HCLK clock . AHB clock cycle
Memory wait cycles) of the command assertion Read/Write (HCLK) 2 | 26
Number of clock cycles (HCLK)
during which the address must be AHB clock cvele
Memory hold | held (as well as the data if a write | Read/Write 4 1 254
. (HCLK)
access is performed) after the
command de-assertion
Number of clock cycles (HCLK)
Memory during which the data bus is kept Write AHB clock cycle o | 255
databus high-Z in high-Z state after a write (HCLK)
access has started

14.6.1 External memory interface signals
The following tables list the signals that are typically used to interface NAND Flash memory
and PC Card.

Note: The prefix “N” identifies the signals which are active low.

8-bit NAND Flash memory

Table 74. 8-bit NAND Flash

FMC signal name 110 Function
A[17] (0] NAND Flash address latch enable (ALE) signal
A[16] (0] NAND Flash command latch enable (CLE) signal
D[7:0] I/O | 8-bit multiplexed, bidirectional address/data bus
NCE[x] o Chip Select, x=2, 3
NOE(= NRE) O | Output enable (memory signal name: read enable, NRE)

NWE O | Write enable

NWAIT/INT[3:2] I NAND Flash ready/busy input signal to the FMC

Theoretically, there is no capacity limitation as the FMC can manage as many address
cycles as needed.

3
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16-bit NAND Flash memory

Table 75. 16-bit NAND Flash

FMC signal name 110 Function
A[17] 0 NAND Flash address latch enable (ALE) signal
A[16] 0] NAND Flash command latch enable (CLE) signal
D[15:0] I/0 | 16-bit multiplexed, bidirectional address/data bus
NCE[x] o Chip Select, x=2, 3
NOE(= NRE) 0] Output enable (memory signal name: read enable, NRE)
NWE O | Write enable
NWAIT/INT[3:2] I NAND Flash ready/busy input signal to the FMC

Theoretically, there is no capacity limitation as the FMC can manage as many address
cycles as needed.

Table 76. 16-bit PC Card

FMC signal name /10 Function
A[10:0] O |Address bus
NIORD (0] Output enable for I/O space
NIOWR O | Write enable for I/0 space
NREG (0] Register signal indicating if access is in Common or Attribute space
D[15:0] /O |Bidirectional databus
NCE4_1 O |Chip Select 1
NCE4_2 O | Chip Select 2 (indicates if access is 16-bit or 8-bit)
NOE (0] Output enable in Common and in Attribute space
NWE O | Write enable in Common and in Attribute space
NWAIT | PC Card wait input signal to the FMC (memory signal name IORDY)
INTR | PC.Card interrupt to the FMC (only for PC Cards that can generate
an interrupt)
PC Card presence detection. Active high. If an access is performed
CcD | to the PC Card banks while CD is low, an AHB error is generated.
Refer to Section 14.3: AHB interface

3
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14.6.2 NAND Flash / PC Card supported memories and transactions

Table 77 shows the supported devices, access modes and transactions. Transactions not
allowed (or not supported) by the NAND Flash / PC Card controller are shown in gray.

Table 77. Supported memories and transactions

Device Mode R/W AHB. Memo_ry Allowed!/ Comments
data size | data size | not allowed

Asynchronous | R 8 8 Y -
Asynchronous |[W |8 8 Y -
Asynchronous | R 16 8 Y Split into 2 FMC accesses

NAND 8-bit
Asynchronous |W |16 8 Y Split into 2 FMC accesses
Asynchronous | R 32 8 Y Split into 4 FMC accesses
Asynchronous |W |32 8 Y Split into 4 FMC accesses
Asynchronous | R 8 16 Y -
Asynchronous |[W |8 16 N -
Asynchronous | R 16 16 Y -

NAND 16-bit
Asynchronous |[W |16 16 Y -
Asynchronous | R 32 16 Y Split into 2 FMC accesses
Asynchronous |W |32 16 Y Split into 2 FMC accesses

14.6.3 Timing diagrams for NAND Flash memory and PC Card

Each PC Card/CompactFlash and NAND Flash memory bank is managed through a set of
registers:

e  Control register: FMC_PCRx

e Interrupt status register: FMC_SRx

e ECC register: FMC_ECCRXx

e  Timing register for Common memory space: FMC_PMEMx

e  Timing register for Attribute memory space: FMC_PATTx

e Timing register for /0 space: FMC_PIOx

Each timing configuration register contains three parameters used to define number of
HCLK cycles for the three phases of any PC Card/CompactFlash or NAND Flash access,
plus one parameter that defines the timing for starting driving the data bus when a write
access is performed. Figure 49 shows the timing parameter definitions for common memory

accesses, knowing that Attribute and 1/0 (only for PC Card) memory space access timings
are similar.

3
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Figure 49. NAND Flash/PC Card controller waveforms for common memory access
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1. NOE remains high (inactive) during write accesses. NWE remains high (inactive) during read accesses.

2. For write access, the hold phase delay is (MEMHOLD) HCLK cycles and for read access is
(MEMHOLD + 2) HCLK cycles.

14.6.4 NAND Flash operations

The command latch enable (CLE) and address latch enable (ALE) signals of the NAND
Flash memory device are driven by address signals from the FMC controller. This means
that to send a command or an address to the NAND Flash memory, the CPU has to perform
a write to a specific address in its memory space.

A typical page read operation from the NAND Flash device requires the following steps:

3.  Program and enable the corresponding memory bank by configuring the FMC_PCRXx
and FMC_PMEMx (and for some devices, FMC_PATTXx, see Section 14.6.5: NAND
Flash prewait functionality) registers according to the characteristics of the NAND
Flash memory (PWID bits for the data bus width of the NAND Flash, PTYP = 1,
PWAITEN = 0 or 1 as needed, see section Section 14.4.2: NAND Flash memory/PC
Card address mapping for timing configuration).

4. The CPU performs a byte write to the common memory space, with data byte equal to
one Flash command byte (for example 0x00 for Samsung NAND Flash devices). The
LE input of the NAND Flash memory is active during the write strobe (low pulse on
NWE), thus the written byte is interpreted as a command by the NAND Flash memory.
Once the command is latched by the memory device, it does not need to be written
again for the following page read operations.

5. The CPU can send the start address (STARTAD) for a read operation by writing four
bytes (or three for smaller capacity devices), STARTAD[7:0], STARTAD[16:9],
STARTADI[24:17] and finally STARTAD[25] (for 64 Mb x 8 bit NAND Flash memories) in
the common memory or attribute space. The ALE input of the NAND Flash device is
active during the write strobe (low pulse on NWE), thus the written bytes are
interpreted as the start address for read operations. Using the attribute memory space
makes it possible to use a different timing configuration of the FMC, which can be used

3
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to implement the prewait functionality needed by some NAND Flash memories (see
details in Section 14.6.5: NAND Flash prewait functionality).

6. The controller waits for the NAND Flash memory to be ready (R/NB signal high), before
starting a new access to the same or another memory bank. While waiting, the
controller holds the NCE signal active (low).

7. The CPU can then perform byte read operations from the common memory space to
read the NAND Flash page (data field + Spare field) byte by byte.

8. The next NAND Flash page can be read without any CPU command or address write
operation. This can be done in three different ways:

— by simply performing the operation described in step 5
— anew random address can be accessed by restarting the operation at step 3
— anew command can be sent to the NAND Flash device by restarting at step 2

NAND Flash prewait functionality

Some NAND Flash devices require that, after writing the last part of the address, the
controller waits for the R/NB signal to go low. (see Figure 50).

Figure 50. Access to non ‘CE don’t care’ NAND-Flash
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CPU wrote byte 0x00 at address 0x7001 0000.
CPU wrote byte A7~A0 at address 0x7002 0000.
CPU wrote byte A16~A9 at address 0x7002 0000.
CPU wrote byte A24~A17 at address 0x7002 0000.

CPU wrote byte A25 at address 0x7802 0000: FMC performs a write access using FMC_PATT2 timing
definition, where ATTHOLD 2 7 (providing that (7+1) x HCLK = 112 ns > t,;g max). This guarantees that
NCE remains low until R/NB goes low and high again (only requested for NAND Flash memories where
NCE is not don't care).
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When this functionality is required, it can be ensured by programming the MEMHOLD value
to meet the tyyg timing. However any CPU read access to the NAND Flash memory has a
hold delay of (MEMHOLD + 2) HCLK cycles and CPU write access has a hold delay of
(MEMHOLD) HCLK cycles inserted between the rising edge of the NWE signal and the next
access.

To cope with this timing constraint, the attribute memory space can be used by
programming its timing register with an ATTHOLD value that meets the tyyg timing, and by
keeping the MEMHOLD value at its minimum value. The CPU must then use the common
memory space for all NAND Flash read and write accesses, except when writing the last
address byte to the NAND Flash device, where the CPU must write to the attribute memory
space.

Computation of the error correction code (ECC)
in NAND Flash memory

The FMC PC Card controller includes two error correction code computation hardware
blocks, one per memory bank. They reduce the host CPU workload when processing the
ECC by software.

These two ECC blocks are identical and associated with Bank 2 and Bank 3. As a
consequence, no hardware ECC computation is available for memories connected to Bank
4.

The ECC algorithm implemented in the FMC can perform 1-bit error correction and 2-bit
error detection per 256, 512, 1 024, 2 048, 4 096 or 8 192 bytes read or written from/to the
NAND Flash memory. It is based on the Hamming coding algorithm and consists in
calculating the row and column parity.

The ECC modules monitor the NAND Flash data bus and read/write signals (NCE and
NWE) each time the NAND Flash memory bank is active.

The ECC operates as follows:

e  When accessing NAND Flash memory bank 2 or bank 3, the data present on the
D[15:0] bus is latched and used for ECC computation.

e  When accessing any other address in NAND Flash memory, the ECC logic is idle, and
does not perform any operation. As a result, write operations to define commands or
addresses to the NAND Flash memory are not taken into account for ECC
computation.

Once the desired number of bytes has been read/written from/to the NAND Flash memory
by the host CPU, the FMC_ECCRZ2/3 registers must be read to retrieve the computed value.
Once read, they should be cleared by resetting the ECCEN bit to ‘0’. To compute a new data
block, the ECCEN bit must be set to one in the FMC_PCR2/3 registers.
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To perform an ECC computation:
1. Enable the ECCEN bit in the FMC_PCR2/3 register.

2. Write data to the NAND Flash memory page. While the NAND page is written, the ECC
block computes the ECC value.

3. Read the ECC value available in the FMC_ECCRZ2/3 register and store it in a variable.

4. Clear the ECCEN bit and then enable it in the FMC_PCR2/3 register before reading
back the written data from the NAND page. While the NAND page is read, the ECC
block computes the ECC value.

5. Read the new ECC value available in the FMC_ECCRZ2/3 register.

6. If the two ECC values are the same, no correction is required, otherwise there is an
ECC error and the software correction routine returns information on whether the error
can be corrected or not.

PC Card/CompactFlash operations

Address spaces and memory accesses

The FMC supports CompactFlash devices and PC Cards in Memory mode and I/O mode
(True IDE mode is not supported).

The CompactFlash and PC Cards are made of 3 memory spaces:

e  Common Memory space

e Attribute space

e |/O Memory space

The nCE2 and nCE1 pins (FMC_NCE4_2 and FMC_NCE4_1 respectively) select the card
and indicate whether a byte or a word operation is being performed: nCE2 accesses the odd

byte on D15-8 and nCE1 accesses the even byte on D7-0 if AO=0 or the odd byte on D7-0 if
AO=1. The full word is accessed on D15-0 if both nCE2 and nCE1 are low.

The memory space is selected by asserting low nOE for read accesses or nWE for write
accesses, combined with the low assertion of nNCE2/nCE1 and nREG.

e If pin NREG=1 during the memory access, the common memory space is selected

e If pin NREG=0 during the memory access, the attribute memory space is selected
The I/O space is selected by asserting nlORD space for read accesses or nIOWR for write
accesses [instead of nOE/nWE for memory space], combined with nCE2/nCE1. Note that
nREG must also be asserted low when accessing I/O space.

Three type of accesses are allowed for a 16-bit PC Card:

e Accesses to Common Memory space for data storage can be either 8-bit accesses at
even addresses or 16-bit AHB accesses.

Note that 8-bit accesses at odd addresses are not supported and nCE2 will not be
driven low. A 32-bit AHB request is translated into two 16-bit memory accesses.

e Accesses to Attribute Memory space where the PC Card stores configuration
information are limited to 8-bit AHB accesses at even addresses.

Note that a 16-bit AHB access will be converted into a single 8-bit memory transfer:
nCE1 will be asserted low, nCE2 will be asserted high and only the even byte on D7-D0
will be valid. Instead a 32-bit AHB access will be converted into two 8-bit memory
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transfers at even addresses: nCE1 will be asserted low, NCE2 will be asserted high
and only the even bytes will be valid.

e Accesses to I/O space can be either 8-bit or 16 bit AHB accesses.

Table 78. 16-bit PC-Card signals and access type

g
w
D& D % % Slele|e Space Access type Allowed /
-~ ~ -~ N~
1 |x 219 < | < |g|< P P Not allowed
<19
=
1 0 1 0 1 X | X | X-X| X Read/Write byte on D7-D0 Yes
Common
0 1 1 0 1 X | X | X-X| X memory Read/Write byte on D15-D8 Not supported
olo| 1ol 1] x]x[xx]o]| °PP® |Readmwrite wordon D15-D0 Yes
X 0 ol o 1 0 1 Ixx| o Regd or Write configuration Yes
Attribute registers
space ;
X 0 ol o 1 0| o Ixxl o Read or'erte CIS (card Yes
information structure)
1 0 ol o 1 x | x Ixx| 1 Invalid Read or Write (odd Yes
Attribute | address)
space i i
0 1 ol o 1 x | x Ixx| x Invalid Read or Write (odd Yes
address)
1 0 0 1 0 X | X |XX]| O Read even byte on D7-0 Yes
1 0 0 1 0| X | X | XX]| 1 Read odd byte on D7-0 Yes
1 0 0 1 0| X | X [XX]| O Write even byte on D7-0 Yes
1 0 0 1 0| X | X |[XX]| 1 Write odd byte on D7-0 Yes
I/0O space
0 0 0 1 0| X | X |XX]| O Read Word on D15-0 Yes
0 0 0 1 0 X | X |XX]| O Write word on D15-0 Yes
0 1 0 1 0| X | X |XX] X Read odd byte on D15-8 Not supported
0 1 0 1 0| X | X |XX| X Write odd byte on D15-8 Not supported
FMC Bank 4 gives access to those 3 memory spaces as described in Section 14.4.2: NAND
Flash memory/PC Card address mapping and Table 45: NAND/PC Card memory mapping
and timing registers.
Wait feature
The CompactFlash or PC Card may request the FMC to extend the length of the access
phase programmed by MEMWAITx/ATTWAITx/IOWAITX bits, asserting the nWAIT signal
after nOE/nWE or nlORD/nIOWR activation if the wait feature is enabled through the
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PWAITEN bit in the FMC_PCRXx register. To detect correctly the nWAIT assertion, the
MEMWAITX/ATTWAITx/IOWAITx bits must be programmed as follows:

WAITX > 4 + max_wait_assertion_time
XXARATTX HCLK

where max_wait_assertion_time is the maximum time taken by NWAIT to go low once
nOE/nWE or nlORD/nIOWR is low.

After WAIT de-assertion, the FMC extends the WAIT phase for 4 HCLK clock cycles.

14.6.8 NAND Flash/PC Card controller registers

PC Card/NAND Flash control registers x (FMC_PCRXx)
Address offset: 0x40 + 0x20 * (x — 1), (x =2 to 4)
Reset value: 0x0000 0018

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7

o
o
IN
w
N

ECCPS TAR TCLR

ECCEN
T
=
o

PTYP

PBKEN

2 |PWAITEN| =

2
2
2
2
2

Bits 31:20 Reserved, must be kept at reset value

Bits 19:17 ECCPS: ECC page size.
Defines the page size for the extended ECC:

000: 256 bytes

001: 512 bytes

010: 1024 bytes
011: 2048 bytes
100: 4096 bytes
101: 8192 bytes

Bits 16:13 TAR: ALE to RE delay.

Sets time from ALE low to RE low in number of AHB clock cycles (HCLK).

Time is: t_ar = (TAR + SET + 2) x THCLK where THCLK is the HCLK clock period
0000: 1 HCLK cycle (default)
1111: 16 HCLK cycles

Note: SET is MEMSET or ATTSET according to the addressed space.

Bits 12:9 TCLR: CLE to RE delay.
Sets time from CLE low to RE low in number of AHB clock cycles (HCLK).
Time is t_clr = (TCLR + SET + 2) x THCLK where THCLK is the HCLK clock period
0000: 1 HCLK cycle (default)
1111: 16 HCLK cycles
Note: SET is MEMSET or ATTSET according to the addressed space.

Bits 8:7 Reserved, must be kept at reset value

Bit 6 ECCEN: ECC computation logic enable bit
0: ECC logic is disabled and reset (default after reset),
1: ECC logic is enabled.
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Bits 5:4 PWID: Data bus width.
Defines the external memory device width.
00: 8 bits
01: 16 bits (default after reset). This value is mandatory for PC Cards.
10: reserved, do not use
11: reserved, do not use
Bit 3 PTYP: Memory type.
Defines the type of device attached to the corresponding memory bank:
0: PC Card, CompactFlash, CF+ or PCMCIA
1: NAND Flash (default after reset)
Bit 2 PBKEN: PC Card/NAND Flash memory bank enable bit.
Enables the memory bank. Accessing a disabled memory bank causes an ERROR on AHB
bus
0: Corresponding memory bank is disabled (default after reset)
1: Corresponding memory bank is enabled
Bit 1 PWAITEN: Wait feature enable bit.
Enables the Wait feature for the PC Card/NAND Flash memory bank:
0: disabled
1: enabled
Note: For a PC Card, when the wait feature is enabled, the MEMWAITx/ATTWAITx/IOWAITx
bits must be programmed to a value as follows:
xxWAITx = 4 + max_wait_assertion_time/HCLK
Where max_wait_assertion_time is the maximum time taken by NWAIT to go low once
nOE/nWE or nlORD/nlIOWR is low.
Bit0  Reserved.
FIFO status and interrupt register x (FMC_SRXx)
Address offset: 0x44 + 0x20 * (x-1), (x =2 to 4)
Reset value: 0x0000 0040
This register contains information about the FIFO status and interrupt. The FMC features a
FIFO that is used when writing to memories to transfer up to 16 words of data from the AHB.
This is used to quickly write to the FIFO and free the AHB for transactions to peripherals
other than the FMC, while the FMC is draining its FIFO into the memory. One of these
register bits indicates the status of the FIFO, for ECC purposes.
The ECC is calculated while the data are written to the memory. To read the correct ECC,
the software must consequently wait until the FIFO is empty.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
'_
[T
r TW(rw|Irw|rwjrwjrw
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Bits 31:7 Reserved, must be kept at reset value
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Bit6 FEMPT: FIFO empty.
Read-only bit that provides the status of the FIFO
0: FIFO not empty
1: FIFO empty
Bit 5 IFEN: Interrupt falling edge detection enable bit

0: Interrupt falling edge detection request disabled
1: Interrupt falling edge detection request enabled

Bit 4 ILEN: Interrupt high-level detection enable bit

0: Interrupt high-level detection request disabled
1: Interrupt high-level detection request enabled

Bit 3 IREN: Interrupt rising edge detection enable bit

0: Interrupt rising edge detection request disabled
1: Interrupt rising edge detection request enabled

Bit 2 IFS: Interrupt falling edge status
The flag is set by hardware and reset by software.

0: No interrupt falling edge occurred
1: Interrupt falling edge occurred

Note: If this bit is written by software to 1 it will be set.

Bit 1 ILS: Interrupt high-level status
The flag is set by hardware and reset by software.
0: No Interrupt high-level occurred
1: Interrupt high-level occurred
Bit 0 IRS: Interrupt rising edge status
The flag is set by hardware and reset by software.

0: No interrupt rising edge occurred
1: Interrupt rising edge occurred

Note: If this bit is written by software to 1 it will be set.

Common memory space timing register x (FMC_PMEMXx)
Address offset: Address: 0x48 + 0x20 * (x — 1), (x =2 to 4)
Reset value: OxFCFC FCFC

Each FMC_PMEMX (x = 2..4) read/write register contains the timing information for PC Card
or NAND Flash memory bank x. This information is used to access either the common
memory space of the 16-bit PC Card/CompactFlash, or the NAND Flash for command,
address write access and data read/write access.

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

3

284/1086 RMO0365 Rev 8




RMO0365

Flexible static memory controller (FSMC)

Bits 31:24

Bits 23:16

Bits 15:8

Bits 7:0

MEMHIZx: Common memory x data bus Hi-Z time

Defines the number of HCLK clock cycles during which the data bus is kept Hi-Z after the start
of a PC Card/NAND Flash write access to common memory space on socket x. This is only
valid for write transactions:

0000 0000: (0x00) 0 HCLK cycle (for PC Card) / 1 HCLK cycle (for NAND Flash)
1111 1110: (0xFF) 255 HCLK cycles (for PC Card) / 256 HCLK cycles (for NAND Flash)
1111 1111: Reserved

MEMHOLDx: Common memory x hold time

Defines the number of HCLK clock cycles for write access and HCLK (+2) clock cycles for
read access during which the address is held (and data for write accesses) after the command
is deasserted (NWE, NOE), for NAND Flash read or write access to common memory space
on socket x:

0000 0000: reserved

0000 0001: 1 HCLK cycle for write access / 3 HCLK cycles for read access

1111 1110: 254 HCLK cycles for write access / 256 HCLK cycles for read access
1111 1111: Reserved.

MEMWAITx: Common memory x wait time

Defines the minimum number of HCLK (+1) clock cycles to assert the command (NWE, NOE),
for PC Card/NAND Flash read or write access to common memory space on socket x. The
duration of command assertion is extended if the wait signal (NWAIT) is active (low) at the end
of the programmed value of HCLK:

0000 0000: reserved

0000 0001: 2HCLK cycles (+ wait cycle introduced by deasserting NWAIT)

1111 1111: 256 HCLK cycles (+ wait cycle introduced by the Card deasserting NWAIT)

MEMSETx: Common memory x setup time

Defines the number of HCLK (+1) clock cycles to set up the address before the command
assertion (NWE, NOE), for PC Card/NAND Flash read or write access to common memory
space on socket x:

0000 0000: 1 HCLK cycle (for PC Card) / HCLK cycles (for NAND Flash)
1111 1110: 255 HCLK cycles (for PC Card) / 257 HCLK cycles (for NAND Flash)
1111 1111: Reserved

Attribute memory space timing registers x (FMC_PATTXx)

Address offset: 0x4C + 0x20 * (x — 1), (x =2 to 4)
Reset value: 0xFCFC FCFC

Each FMC_PATTx (x = 2..4) read/write register contains the timing information for PC
Card/CompactFlash or NAND Flash memory bank x. It is used for 8-bit accesses to the
attribute memory space of the PC Card/CompactFlash or to access the NAND Flash for the
last address write access if the timing must differ from that of previous accesses (for
Ready/Busy management, refer to Section 14.6.5: NAND Flash prewait functionality).

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

ATTHIZ

ATTHOLD ATTWAIT ATTSET
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Bits 31:24 ATTHIZ: Attribute memory x data bus Hi-Z time
Defines the number of HCLK clock cycles during which the data bus is kept in Hi-Z after the
start of a PC CARD/NAND Flash write access to attribute memory space on socket x. Only
valid for write transaction:
0000 0000: 0 HCLK cycle
1111 1110: 255 HCLK cycles
1111 1111: Reserved

Bits 23:16 ATTHOLD: Attribute memory x hold time

Defines the number of HCLK clock cycles for write access and HCLK (+2) clock cycles for
read access during which the address is held (and data for write access) after the command
deassertion (NWE, NOE), for NAND Flash read or write access to attribute memory space on
socket:

0000 0000: reserved

0000 0001: 1 HCLK cycle for write access / 3 HCLK cycles for read access

1111 1110: 254 HCLK cycles for write access / 256 HCLK cycles for read access

1111 1111: Reserved.

Bits 15:8 ATTWAIT: Attribute memory x wait time

Defines the minimum number of HCLK (+1) clock cycles to assert the command (NWE, NOE),
for PC Card/NAND Flash read or write access to attribute memory space on socket x. The
duration for command assertion is extended if the wait signal (NWAIT) is active (low) at the
end of the programmed value of HCLK:

0000 0000: reserved

0000 0001: 2 HCLK cycles (+ wait cycle introduced by deassertion of NWAIT)

1111 1111: 256 HCLK cycles (+ wait cycle introduced by the card deasserting NWAIT)

Bits 7:0 ATTSET: Attribute memory x setup time

Defines the number of HCLK (+1) clock cycles to set up address before the command
assertion (NWE, NOE), for PC CARD/NAND Flash read or write access to attribute memory
space on socket x:

0000 0000: 1 HCLK cycle
1111 1110: 255 HCLK cycles
1111 1111: Reserved.

1/0 space timing register 4 (FMC_PIO4)

Address offset: 0xB0
Reset value: OXFCFCFCFC

The FMC_PIO4 read/write registers contain the timing information used to access the 1/0
space of the 16-bit PC Card/CompactFlash.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
I0HIZx IOHOLDx IOWAITX IOSETx
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Bits 31:24

Bits 23:16

Bits 15:8

Bits 7:0

3

IOHIZx: 1/O x data bus Hi-Z time
Defines the number of HCLK clock cycles during which the data bus is kept in Hi-Z after the
start of a PC Card write access to I/0 space on socket x. Only valid for write transaction:
0000 0000: 0 HCLK cycle
1111 1111: 255 HCLK cycles

IOHOLDXx: I/O x hold time
Defines the number of HCLK clock cycles during which the address is held (and data for write
access) after the command deassertion (NWE, NOE), for PC Card read or write access to 1/0
space on socket x:

0000 0000: reserved

0000 0001: 1 HCLK cycle

1111 1111: 255 HCLK cycles

IOWAITX: I/O x wait time
Defines the minimum number of HCLK (+1) clock cycles to assert the command (SMNWE,
SMNOE), for PC Card read or write access to 1/0 space on socket x. The duration for
command assertion is extended if the wait signal (NWAIT) is active (low) at the end of the
programmed value of HCLK:

0000 0000: reserved, do not use this value

0000 0001: 2 HCLK cycles (+ wait cycle introduced by deassertion of NWAIT)

1111 1111: 256 HCLK cycles (+ wait cycle introduced by the Card deasserting NWAIT)

IOSETXx: I/O x setup time

Defines the number of HCLK (+1) clock cycles to set up the address before the command
assertion (NWE, NOE), for PC Card read or write access to 1/0 space on socket x:

0000 0000: 1 HCLK cycle
1111 1111: 256 HCLK cycles
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31 30 29

ECC result registers 2/3 (FMC_ECCR2/3)
Address offset: 0x54 + 0x20 * (x — 1), x=2or 3

Reset value: 0x0000 0000

These registers contain the current error correction code value computed by the ECC
computation modules of the FMC controller (one module per NAND Flash memory bank).
When the CPU reads the data from a NAND Flash memory page at the correct address
(refer to Section 14.6.6: Computation of the error correction code (ECC) in NAND Flash
memory), the data read/written from/to the NAND Flash memory are processed
automatically by the ECC computation module. When X bytes have been read (according to
the ECCPS field in the FMC_PCRXx registers), the CPU must read the computed ECC value
from the FMC_ECCx registers. It then verifies if these computed parity data are the same as
the parity value recorded in the spare area, to determine whether a page is valid, and, to
correct it otherwise. The FMC_ECCRX registers should be cleared after being read by
setting the ECCEN bit to ‘0’. To compute a new data block, the ECCEN bit must be setto '1’.

28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 O

ECCx

r|r|r|r|r|r|r|r|r|r|r|r|r|r|r|r|r|r|r|r|r|r|r|r|r|r|r|r|r|r|r|r
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Bits 31:0 ECCx: ECC result
This field contains the value computed by the ECC computation logic. Table 79 describes
the contents of these bitfields.

Table 79. ECC result relevant bits

ECCPS[2:0] Page size in bytes ECC bits
000 256 ECCI[21:0]
001 512 ECCI[23:0]
010 1024 ECC[25:0]
011 2048 ECC[27:0]
100 4096 ECC[29:0]
101 8192 ECC[31:0]
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14.6.9 FMC register map

The following table summarizes the FMC registers.

Table 80. FMC register map

Offset| Register |52 2/ 2|x| € 14l 3(2l8 5[ 822 = 2|2 2|28 2|2 0| 0|~ ©| ] «| |« | o
< = a
z < |o O =2 (Z o |=
g Sol@zlsEREIEE| o | o B
0x00 | FMC_BCR1 (o CEEERCEERIZR|E | & XIZ
Q|5 ZIXSIzIEISIS I8 || & p= g
O m w = X |w =
o 2 = NN
= E [a)
< |o O =2 (Z o |=
& ScEREIsEREIRE| e |« BE
0x08 | FMC_BCR2 % SEElRlERERIEIS] = £ X%
< Z I< |Z @
=) SRS SIS e |< = = s s
o 11] ¥ |w
o 2 = NN
= E [a)
< |O ) = 1Z |0 |z
= SCEEEIEREEE 2 |« B8
0x10 | FMC_BCR3 @ SEElRERERIEIS]| = £ X%
< Z I< |Z @
=) S Sz |IZ|5 e |< = = s s
o 11] ¥ |w
o 2 =2 E R
= E [a)
< |o O =2 (Z o |=
& ScEREIsEREIRE| e |« BE
0x18 | FMC_BCR4 2 SCEEEREERRI|IEQI = | £ X[€
< Z I< |Z @
=) S |x |2 SIS |e|< = = s s
w o |uw
2 o NN
0x04 | FMC_BTR1 Ag%'\" DATLAT CLKDIV | BUSTURN DATAST ADDHLD | ADDSET
0x0C | EMC_BTR2 Agg’\" DATLAT CLKDIV | BUSTURN DATAST ADDHLD | ADDSET
0x14 | FMC_BTR3 Agg'\" DATLAT CLKDIV | BUSTURN DATAST ADDHLD | ADDSET
0x1C | FMC_BTR4 Ag%'\" DATLAT CLKDIV | BUSTURN DATAST ADDHLD | ADDSET
0x104 | FMC_BWTR1 Agg’\" DATAST ADDHLD | ADDSET
0x10C | FMC_BWTR2 Agg'\" DATAST ADDHLD | ADDSET
0x114 | FMC_BWTR3 Ag%'\" DATAST ADDHLD | ADDSET
0x11C | FMC_BWTR4 Agg’\" DATAST ADDHLD | ADDSET
Z |owo & [B B
0x60 | FMC_PCR2 ECCPS TAR TCLR 8 |Pwip|> € |2
i a R |2
o
Z | owin |2 B [E
0x80 | FMC_PCR3 ECCPS TAR TCLR & |Pwip = ¥ |5
) g lo
o o E
z o 2|8
0xA0 | FMC_PCR4 ECCPS TAR TCLR & |pwip|> € |5
i a R |2
o
Ez[z]2 s o lo
0x64 | FMC_SR2 = e R [T A N
A=
E Zz |1z |2
0x84 | FMC_SR3 = R
A=
E Zz |1z |2
OxA4 | FMC_SR4 = il
A=
Kyy RM0365 Rev 8 289/1086




Flexible static memory controller (FSMC) RMO0365

Table 80. FMC register map (continued)

Offset| Register |5 212 RN & &/ X Q| {[T|R| (2% 2232 | [ 2| o 0| ~|o| 0| v| |« -|o
0x68 | FMC_PMEM2 MEMHIZx MEMHOLDx MEMWAITx MEMSETx

0x88 | FMC_PMEM3 MEMHIZx MEMHOLDx MEMWAITx MEMSETx

0xA8 | FMC_PMEM4 MEMHIZx MEMHOLDx MEMWAITx MEMSETx

0x6C FMC_PATT2 ATTHIZx ATTHOLDx ATTWAITX ATTSETx

0x8C FMC_PATT3 ATTHIZx ATTHOLDx ATTWAITX ATTSETx

0xAC FMC_PATT4 ATTHIZx ATTHOLDx ATTWAITX ATTSETx

0xBO FMC_PIO4 IOHIZx IOHOLDx IOWAITX IOSETx

0x74 FMC_ECCR2 ECCx

0x94 FMC_ECCR3 ECCx

Refer to Section 3.2 on page 51 for the register boundary addresses.
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15

15.1

Note:

3

Analog-to-digital converters (ADC)

Introduction

This section describes the implementation of up to 2 ADCs:
ADC1 and ADC2 are tightly coupled and can operate in dual mode (ADC1 is master).
Each ADC consists of a 12-bit successive approximation analog-to-digital converter.

Each ADC has up to 19 multiplexed channels. 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 ADCs are mapped on the AHB bus to allow fast data handling.

The analog watchdog features allow the application to detect if the input voltage goes
outside the user-defined high or low thresholds.

An efficient low-power mode is implemented to allow very low consumption at low
frequency.

The STM32F302x6/8 devices have only ADC1. The STM32F302xB/C/D/E have ADC1 and
ADC2.
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15.2

ADC main features

e  High-performance features

STM32F302xB/C/D/E devices have two ADCs which can operate in dual mode.
STM32F302x6/x8 devices have one ADC
The table below summarizes the different external channels available per ADC.

Table 81. ADC external channels mapping

Device ADC1 ADC2

STM32F302x6/8 15 N.A

STM32F302xB/C 10 12

STM32F302xD/E 1 13

12, 10, 8 or 6-bit configurable resolution

ADC conversion time:
Fast channels: 0.19 ps for 12-bit resolution (5.1 Ms/s)
Slow channels: 0.21 us for 12-bit resolution (4.8 Ms/s)

ADC conversion time is independent from the AHB bus clock frequency
Faster conversion time by lowering resolution: 0.16 ps for 10-bit resolution
Can manage Single-ended or differential inputs (programmable per channels)
AHB slave bus interface to allow fast data handling

Self-calibration

Channel-wise programmable sampling time

Up to four injected channels (analog inputs assignment to regular or injected
channels is fully configurable)

Hardware assistant to prepare the context of the injected channels to allow fast
context switching

Data alignment with in-built data coherency
Data can be managed by GP-DMA for regular channel conversions
4 dedicated data registers for the injected channels

e Low-power features

Speed adaptive low-power mode to reduce ADC consumption when operating at
low frequency

Allows slow bus frequency application while keeping optimum ADC performance
(0.19 us conversion time for fast channels can be kept whatever the AHB bus
clock frequency)

Provides automatic control to avoid ADC overrun in low AHB bus clock frequency
application (auto-delayed mode)

e In addition, there are internal dedicated channels available per ADC. See the table
below:

292/1086
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Table 82. ADC internal channels summary

Total of
Product ADC1 ADC2 internal ADC
channels
— 1 channel connected to |- 1 channel connected to
temperature sensor. temperature sensor.
— 1 channel connected to |- 1 channel connected to
VBAT/2 VBAT/2
— 1 channel connected to |- 1 channel connected to
STM32F302xB/C/D/E
3 xB/C/D/ VREFINT VREFINT. °
— 1 channel connected to |- 1 channel connected to
OPAMP1 reference OPAMP2 reference
voltage output voltage output
(VREFOPAMP1). (VREFOPAMP2).
— 1 channel connected to
temperature sensor.
— 1 channel connected to
STM32F302x6/8 VBAT/2 - 3
— 1 channel connected to
VREFINT

e  Start-of-conversion can be initiated:
— by software for both regular and injected conversions

— by hardware triggers with configurable polarity (internal timers events or GPIO
input events) for both regular and injected conversions

e  Conversion modes
— Each ADC can convert a single channel or can scan a sequence of channels
—  Single mode converts selected inputs once per trigger
—  Continuous mode converts selected inputs continuously
—  Discontinuous mode
e Dual ADC mode (STM32F302xB/C/D/E only)

e Interrupt generation at the end of conversion (regular or injected), end of sequence
conversion (regular or injected), analog watchdog 1, 2 or 3 or overrun events

e 3 analog watchdogs per ADC
e ADC supply requirements: 1.80 V to 3.6 V
e ADC inputrange: VRgr_ € V|N < VREF+

Figure 51 shows the block diagram of one ADC.
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15.3

15.3.1

ADC functional description

ADC block diagram
Figure 51 shows the ADC block diagram and Table 84 gives the ADC pin description.

Figure 51. ADC block diagram
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Pins and internal signals

Table 83. ADC internal signals

Internal signal name Signal Description
type
Up to 16 external trigger inputs for the regular conversions (can
be connected to on-chip timers).
EXT[15:0 Input
[ ] nputs These inputs are shared between the ADC master and the ADC
slave.
Up to 16 external trigger inputs for the injected conversions (can
be connected to on-chip timers).
JEXT[15:0 Inputs
[ ] P These inputs are shared between the ADC master and the ADC
slave.
ADC1_AWDx_OUT Int I I tchd tput signal ted t hi
nternal analog watchdog output signal connected to on-chip
ADCZ_AWDx_OUT Output timers. (x = Analog watchdog number 1,2,3)
VREFOPAMP1 Input Reference voltage output from internal operational amplifier 1
VREFOPAMP2 Input Reference voltage output from internal operational amplifier 2
V1s Input Output voltage from internal temperature sensor
VREFINT Input Output voltage from internal reference voltage
Input
VeaT supply External battery voltage supply
Table 84. ADC pins
Name Signal type Comments
VREF+ Input, analog reference The higher/positive reference voltage for the ADC,
positive 1.8V = VRer+ < Vppa
Analog power supply equal Vppa:
VDDA Input, analog supply 1.8V < Vppa < 3.6 V
Input, analog reference The lower/negative reference voltage for the ADC,
VREF- . _
negative VRer. =Vssa
VSSA Input, analog supply ground | Ground for analog power supply equal to Vgg
Vip[18:1] Positive input analog Connected either to external channels: ADC_INj or
INPLE®: channels for each ADC internal channels.
. Negative input analog . .
Vnn[18:1] channels for each ADC Connected to Vrgg. or external channels: ADC_INi-1
Up to 16 analog input channels (x = ADC number = 1
) ) or 2):
ADCx_IN15:1 | External analog input signals | 5 fast channels
— 10 slow channels
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15.3.3

Note:

296/1086

Clocks

Dual clock domain architecture

The dual clock-domain architecture means that each ADC clock is independent from the
AHB bus clock.

The input clock of the two ADCs (master and slave) can be selected between two different
clock sources (see Figure 52: ADC clock scheme):

a) The ADC clock can be a specific clock source, named “ADCxy_CK (xy=12 or 34)
which is independent and asynchronous with the AHB clock”.

It can be configured in the RCC to deliver up to 72 MHz (PLL output). Refer to
RCC Section for more information on generating ADC12_CK.

To select this scheme, bits CKMODE[1:0] of the ADCx_CCR register must be
reset.

b) The ADC clock can be derived from the AHB clock of the ADC bus interface,
divided by a programmabile factor (1, 2 or 4). In this mode, a programmable divider
factor can be selected (/1, 2 or 4 according to bits CKMODE[1:0]).

To select this scheme, bits CKMODE[1:0] of the ADCx_CCR register must be
different from “00”.

Software can use option b) by writing CKMODE[1:0]=01 only if the AHB prescaler of the
RCC is set to 1 (the duty cycle of the AHB clock must be 50% in this configuration).

Option a) has the advantage of reaching the maximum ADC clock frequency whatever the
AHB clock scheme selected. The ADC clock can eventually be divided by the following ratio:
1,2,4,6, 8,12, 16, 32, 64, 128, 256; using the prescaler configured with bits
ADCxPRES[4:0] in register RCC_CFGR2 (Refer to Section 9: Reset and clock control
(RCCQ)).

Option b) has the advantage of bypassing the clock domain resynchronizations. This can be
useful when the ADC is triggered by a timer and if the application requires that the ADC is
precisely triggered without any uncertainty (otherwise, an uncertainty of the trigger instant is
added by the resynchronizations between the two clock domains).

Figure 52. ADC clock scheme

ADC1 & ADC2
HCLK . AHB
interface
Bits CKMODE([; :0]
of ADC12_CCR
RCC v Analog ADC1
(Reset and clock Mor/2 Others (magster)
or/4
controller) ADC12_CK 00 Analog ADC2
» (slave)
Bits CKMODE][1:0]
of ADC12_CCR

MSv32648V1

1. Refer to the RCC section to see how HCLK and ADC12_CK can be generated.
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Clock ratio constraint between ADC clock and AHB clock

There are generally no constraints to be respected for the ratio between the ADC clock and
the AHB clock except if some injected channels are programmed. In this case, itis
mandatory to respect the following ratio:

e Fuycik >= Fapc / 4 if the resolution of all channels are 12-bit or 10-bit

e  Fuycik >= Fapc / 3 if there are some channels with resolutions equal to 8-bit (and none
with lower resolutions)

e FuycLk >= Fapc / 2 if there are some channels with resolutions equal to 6-bit

3
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15.3.4 ADC1/2 connectivity

ADC1 and ADC2 are tightly coupled and share some external channels as described in

Figure 53.
Figure 53. ADC1 and ADC2 connectivity
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15.3.5

15.3.6

Note:

15.3.7

3

On STM32F302x6/8, this channel is available on ADC1 only.
STM32F302x6/8 devices only.

On STM32F302xB/CD/E devices only.

On STM32F302x6/8/D/E devices.

MDD =

Slave AHB interface

The ADCs implement an AHB slave port for control/status register and data access. The
features of the AHB interface are listed below:

e  Word (32-bit) accesses
e Single cycle response
e Response to all read/write accesses to the registers with zero wait states.

The AHB slave interface does not support split/retry requests, and never generates AHB
errors.

ADC voltage regulator (ADVREGEN)

The sequence below is required to start ADC operations:

1. Enable the ADC internal voltage regulator (refer to the ADC voltage regulator enable
sequence).

2. The software must wait for the startup time of the ADC voltage regulator
(TapcvreG stup) before launching a calibration or enabling the ADC. This
temporization must be implemented by software. Tapcyreg sTup IS €qual to 10 ps in
the worst case process/temperature/power supply. -

After ADC operations are complete, the ADC is disabled (ADEN=0).

It is possible to save power by disabling the ADC voltage regulator (refer to the ADC voltage
regulator disable sequence).

When the internal voltage regulator is disabled, the internal analog calibration is kept.

ADVREG enable sequence

To enable the ADC voltage regulator, perform the sequence below:
1. Change ADVREGEN]J1:0] bits from ‘10’ (disabled state, reset state) into ‘00’.
2.  Change ADVREGENTI1:0] bits from ‘00’ into ‘01’ (enabled state).

ADVREG disable sequence

To disable the ADC voltage regulator, perform the sequence below:
1. Change ADVREGEN[1:0] bits from ‘01’ (enabled state) into ‘00’.
2. Change ADVREGEN]1:0] bits from ‘00’ into ‘10’ (disabled state)

Single-ended and differential input channels

Channels can be configured to be either single-ended input or differential input by writing
into bits DIFSEL[15:1] in the ADCx_DIFSEL register. This configuration must be written
while the ADC is disabled (ADEN=0). Note that DIFSEL[18:16] are fixed to single ended
channels (internal channels only) and are always read as 0.

In single-ended input mode, the analog voltage to be converted for channel “i” is the
difference between the external voltage ADC_IN/ (positive input) and Vigg. (negative input).
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Caution:

Note:

15.3.8
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In differential input mode, the analog voltage to be converted for channel “i” is the difference
between the external voltage ADC_IN/ (positive input) and ADC_INi+17 (negative input).

For a complete description of how the input channels are connected for each ADC, refer to
Figure 53: ADC1 and ADC2 connectivity on page 298.

When configuring the channel “i” in differential input mode, its negative input voltage is
connected to ADC_IN/j+7. As a consequence, channel “i+7” is no longer usable in single-
ended mode or in differential mode and must never be configured to be converted.
Some channels are shared between ADC1 and ADC2: this can make the channel on the
other ADC unusable. Only exception is interleave mode for ADC master and the slave.

Example: Configuring ADC1_IN5 in differential input mode will make ADC12_IN6 not
usable: in that case, the channels 6 of both ADC1 and ADC2 must never be converted.

Channels 16, 17 and 18 of ADC1 and channels 17 and 18 of ADC2 are connected to
internal analog channels and are internally fixed to single-ended inputs configuration
(corresponding bits DIFSEL]i] is always zero). Channel 15 of ADC1 is also an internal
channel and the user must configure the corresponding bit DIFSEL[15] to zero.

Calibration (ADCAL, ADCALDIF, ADCx_CALFACT)

Each ADC provides an automatic calibration procedure which drives all the calibration
sequence including the power-on/off sequence of the ADC. During the procedure, the ADC
calculates a calibration factor which is 7-bit wide and which is applied internally to the ADC
until the next ADC power-off. During the calibration procedure, the application must not use
the ADC and must wait until calibration is complete.

Calibration is preliminary to any ADC operation. It removes the offset error which may vary
from chip to chip due to process or bandgap variation.

The calibration factor to be applied for single-ended input conversions is different from the
factor to be applied for differential input conversions:

e Write ADCALDIF=0 before launching a calibration which will be applied for single-
ended input conversions.

e  Write ADCALDIF=1 before launching a calibration which will be applied for differential
input conversions.

The calibration is then initiated by software by setting bit ADCAL=1. Calibration can only be
initiated when the ADC is disabled (when ADEN=0). ADCAL bit stays at 1 during all the
calibration sequence. It is then cleared by hardware as soon the calibration completes. At
this time, the associated calibration factor is stored internally in the analog ADC and also in
the bits CALFACT_S[6:0] or CALFACT_DI[6:0] of ADCx_CALFACT register (depending on
single-ended or differential input calibration)

The internal analog calibration is kept if the ADC is disabled (ADEN=0). However, if the ADC
is disabled for extended periods, then it is recommended that a new calibration cycle is run
before re-enabling the ADC.

The internal analog calibration is kept if the ADC is disabled (ADEN=0). When the ADC
operating conditions change (Vrgg+ changes are the main contributor to ADC offset
variations, Vppa and temperature change to a lesser extent), it is recommended to re-run a
calibration cycle.

The internal analog calibration is lost each time the power of the ADC is removed (example,
when the product enters in STANDBY or VBAT mode). In this case, to avoid spending time
recalibrating the ADC, it is possible to re-write the calibration factor into the
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ADCx_CALFACT register without recalibrating, supposing that the software has previously
saved the calibration factor delivered during the previous calibration.

The calibration factor can be written if the ADC is enabled but not converting (ADEN=1 and
ADSTART=0 and JADSTART=0). Then, at the next start of conversion, the calibration factor
will automatically be injected into the analog ADC. This loading is transparent and does not
add any cycle latency to the start of the conversion.

Software procedure to calibrate the ADC

. Ensure ADVREGEN]1:0]=01 and that ADC voltage regulator startup time has elapsed.
2. Ensure that ADEN=0.

3. Select the input mode for this calibration by setting ADCALDIF=0 (Single-ended input)
or ADCALDIF=1 (Differential input).

4. SetADCAL=1.
5. Wait until ADCAL=0.
6. The calibration factor can be read from ADCx_CALFACT register.

Figure 54. ADC calibration

ADCALDIF T 0: Single-ended input  1: Differential input

< tcas >
ADCAL 4
ADC State _ OFF ) Startup ) Calibrate \___OFF
CALFACT_x[6:0] 0x00 Y Calibration factor
by S/IW by H/W_T_ | Indicative timings

MSv30263V2

Software procedure to re-inject a calibration factor into the ADC

1.  Ensure ADEN=1 and ADSTART=0 and JADSTART=0 (ADC enabled and no
conversion is ongoing).

2.  Write CALFACT_S and CALFACT_D with the new calibration factors.

3.  When a conversion is launched, the calibration factor will be injected into the analog
ADC only if the internal analog calibration factor differs from the one stored in bits
CALFACT _S for single-ended input channel or bits CALFACT _D for differential input
channel.

3

RMO0365 Rev 8 301/1086




Analog-to-digital converters (ADC) RMO0365

302/1086

Figure 55. Updating the ADC calibration factor

(hardware or sofware)

WRITE ADC_CALFACT

ADC state Ready (not converting)X Converting channel XReadyXConverting channel ><
(Single ended) (Single ended)
‘_ldpdating calibration
Internal
calibration factor[6:0] F1 ! >1 F2
Start conversion : ﬂ ﬂ

CALFACT_S[6:0]

\ F2

bysiw T
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MSv30529V2

Converting single-ended and differential analog inputs with a single ADC

If the ADC is supposed to convert both differential and single-ended inputs, two calibrations
must be performed, one with ADCALDIF=0 and one with ADCALDIF=1. The procedure is

the following:

1. Disable the ADC.

2. Calibrate the ADC in single-ended input mode (with ADCALDIF=0). This updates the
register CALFACT_SJ[6:0].

3. Calibrate the ADC in Differential input modes (with ADCALDIF=1). This updates the
register CALFACT_D[6:0].

4. Enable the ADC,

configure the channels and launch the conversions. Each time there

is a switch from a single-ended to a differential inputs channel (and vice-versa), the
calibration will automatically be injected into the analog ADC.

Figure 56. Mixing single-ended and differential channels

Trigger event

ADC state

Internal
calibration factor[6:0]

CALFACT_S[6:0]

CALFACT_DI[6:0]

RDY ><CONV CH1 CONV CH2 CONV CH3 ARDY \ CONV CH4
Single ended (Differential (Differential (Single inputs
inputs channel) inputs channel) inputs channel) channel)
F2 >< F3 XFZ
F2
F3

MSv30530V2
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Note:

3

ADC on-off control (ADEN, ADDIS, ADRDY)

First of all, follow the procedure explained in Section 15.3.6: ADC voltage regulator
(ADVREGEN)).

Once ADVREGEN][1:0] = 01, the ADC can be enabled and the ADC needs a stabilization
time of tgTag before it starts converting accurately, as shown in Figure 57. Two control bits
enable or disable the ADC:

ADEN=1 enables the ADC. The flag ADRDY will be set once the ADC is ready for
operation.

ADDIS=1 disables the ADC and disable the ADC. ADEN and ADDIS are then
automatically cleared by hardware as soon as the analog ADC is effectively disabled.

Regular conversion can then start either by setting ADSTART=1 (refer to Section 15.3.18:
Conversion on external trigger and trigger polarity (EXTSEL, EXTEN, JEXTSEL, JEXTEN))
or when an external trigger event occurs, if triggers are enabled.

Injected conversions start by setting JADSTART=1 or when an external injected trigger
event occurs, if injected triggers are enabled.

Software procedure to enable the ADC

1.
2.

Set ADEN=1.

Wait until ADRDY=1 (ADRDY is set after the ADC startup time). This can be done
using the associated interrupt (setting ADRDYIE=1).

ADEN bit cannot be set during ADCAL=1 and 4 ADC clock cycle after the ADCAL bit is
cleared by hardware(end of the calibration).

Software procedure to disable the ADC

1.

Check that both ADSTART=0 and JADSTART=0 to ensure that no conversion is
ongoing. If required, stop any regular and injected conversion ongoing by setting
ADSTP=1 and JADSTP=1 and then wait until ADSTP=0 and JADSTP=0.

Set ADDIS=1.

If required by the application, wait until ADEN=0, until the analog ADC is effectively
disabled (ADDIS will automatically be reset once ADEN=0).

Figure 57. Enabling / Disabling the ADC

ADEN v
 tsmas
ADRDY
ADDIS
ADC .
state OFF | Startup >< RDY  Converting CH rov  [REQ OFF

by SWA™ pyHwW v

MSv30264V2
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15.3.10

Note:

15.3.11
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Constraints when writing the ADC control bits

The software is allowed to write the RCC control bits to configure and enable the ADC clock
(refer to RCC Section), the control bits DIFSEL in the ADCx_DIFSEL register and the
control bits ADCAL and ADEN in the ADCx_CR register, only if the ADC is disabled (ADEN
must be equal to 0).

The software is then allowed to write the control bits ADSTART, JADSTART and ADDIS of
the ADCx_CR register only if the ADC is enabled and there is no pending request to disable
the ADC (ADEN must be equal to 1 and ADDIS to 0).

For all the other control bits of the ADCx_CFGR, ADCx_SMPRx, ADCx_TRx, ADCx_SQRXx,
ADCx_JDRy, ADCx_OFRy, ADCx_OFCHR and ADCx_IER registers:

e  For control bits related to configuration of regular conversions, the software is allowed
to write them only if the ADC is enabled (ADEN=1) and if there is no regular conversion
ongoing (ADSTART must be equal to 0).

e  For control bits related to configuration of injected conversions, the software is allowed
to write them only if the ADC is enabled (ADEN=1) and if there is no injected
conversion ongoing (JADSTART must be equal to 0).

The software is allowed to write the control bits ADSTP or JADSTP of the ADCx_CR
register only if the ADC is enabled and eventually converting and if there is no pending
request to disable the ADC (ADSTART or JADSTART must be equal to 1 and ADDIS to 0).

The software can write the register ADCx_JSQR at any time, when the ADC is enabled
(ADEN=1).

There is no hardware protection to prevent these forbidden write accesses and ADC
behavior may become in an unknown state. To recover from this situation, the ADC must be
disabled (clear ADEN=0 as well as all the bits of ADCx_CR register).

Channel selection (SQRx, JSQRXx)

There are up to 18 multiplexed channels per ADC:
e Up to 5 fast analog inputs coming from GPIO pads (ADC_IN1..5)

e Upto 10 slow analog inputs coming from GPIO pads (ADC_IN5..15). Depending on the
products, not all of them are available on GPIO pads.

e ADC1 is connected to 4 internal analog inputs:
— ADC1_IN15 = Vreropamp1 = reference voltage for the operational amplifier 1
— ADC1_IN16 = Vg = temperature sensor
— ADC1_IN17 = Vga1/2 = Vgat channel

— ADC1_IN18 = VrepnT = Internal reference voltage (also connected to
ADC2_IN18).

e ADC2_IN17 = VReropamp2 = reference voltage for the operational amplifier 2

Warning: The user must ensure that only one of the two ADCs is
converting VgegnT at the same time (it is forbidden to have
several ADCs converting VgegnT at the same time).

3
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Note:

15.3.12

3

To convert one of the internal analog channels, the corresponding analog sources must first
be enabled by programming bits VREFEN, TSEN or VBATEN in the ADCx_CCR registers.

It is possible to organize the conversions in two groups: regular and injected. A group
consists of a sequence of conversions that can be done on any channel and in any order.
For instance, it is possible to implement the conversion sequence in the following order:
ADC_IN3, ADC_IN8, ADC_IN2, ADC_IN2, ADC_INO, ADC_IN2, ADC_IN2, ADC_IN15.

e Aregular group is composed of up to 16 conversions. The regular channels and their
order in the conversion sequence must be selected in the ADCx_SQR registers. The
total number of conversions in the regular group must be written in the L[3:0] bits in the
ADCx_SQR1 register.

e Aninjected group is composed of up to 4 conversions. The injected channels and
their order in the conversion sequence must be selected in the ADCx_JSQR register.
The total number of conversions in the injected group must be written in the L[1:0] bits
in the ADCx_JSQR register.

ADCx_SQR registers must not be modified while regular conversions can occur. For this,
the ADC regular conversions must be first stopped by writing ADSTP=1 (refer to
Section 15.3.17: Stopping an ongoing conversion (ADSTP, JADSTP)).

It is possible to modify the ADCx_JSQR registers on-the-fly while injected conversions are
occurring. Refer to Section 15.3.21: Queue of context for injected conversions

Channel-wise programmable sampling time (SMPR1, SMPR2)

Before starting a conversion, the ADC must establish a direct connection between the
voltage source under measurement and the embedded sampling capacitor of the ADC. This
sampling time must be enough for the input voltage source to charge the embedded
capacitor to the input voltage level.

Each channel can be sampled with a different sampling time which is programmable using
the SMP[2:0] bits in the ADCx_SMPR1 and ADCx_SMPR2 registers. It is therefore possible
to select among the following sampling time values:

e SMP =000: 1.5 ADC clock cycles

e SMP =001: 2.5 ADC clock cycles

e SMP =010: 4.5 ADC clock cycles

e SMP =011: 7.5 ADC clock cycles

e SMP =100: 19.5 ADC clock cycles

e SMP =101:61.5 ADC clock cycles

e SMP =110: 181.5 ADC clock cycles

e SMP =111: 601.5 ADC clock cycles

The total conversion time is calculated as follows:
Tconv = Sampling time + 12.5 ADC clock cycles

Example:
With Fapc cLk = 72 MHz and a sampling time of 1.5 ADC clock cycles:
Teconv = (1.5 + 12.5) ADC clock cycles = 14 ADC clock cycles = 0.194 ps (for fast
channels)

The ADC notifies the end of the sampling phase by setting the status bit EOSMP (only for
regular conversion).

RMO0365 Rev 8 305/1086




Analog-to-digital converters (ADC) RMO0365

15.3.13

Note:

15.3.14
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Constraints on the sampling time for fast and slow channels

For each channel, SMP[2:0] bits must be programmed to respect a minimum sampling time
as specified in the ADC charateristics section of the datasheets.

Single conversion mode (CONT=0)

In Single conversion mode, the ADC performs once all the conversions of the channels.
This mode is started with the CONT bit at O by either:

e  Setting the ADSTART bit in the ADCx_CR register (for a regular channel)

e  Setting the JADSTART bit in the ADCx_CR register (for an injected channel)

e  External hardware trigger event (for a regular or injected channel)

Inside the regular sequence, after each conversion is complete:

e The converted data are stored into the 16-bit ADCx_DR register
e The EOC (end of regular conversion) flag is set

e Aninterrupt is generated if the EOCIE bit is set

Inside the injected sequence, after each conversion is complete:

e  The converted data are stored into one of the four 16-bit ADCx_JDRYy registers
e The JEOC (end of injected conversion) flag is set

e Aninterrupt is generated if the JEOCIE bit is set

After the regular sequence is complete:
e The EOS (end of regular sequence) flag is set
e Aninterrupt is generated if the EOSIE bit is set

After the injected sequence is complete:
e The JEOS (end of injected sequence) flag is set
e Aninterrupt is generated if the JEOSIE bit is set

Then the ADC stops until a new external regular or injected trigger occurs or until bit
ADSTART or JADSTART is set again.

To convert a single channel, program a sequence with a length of 1.

Continuous conversion mode (CONT=1)

This mode applies to regular channels only.

In continuous conversion mode, when a software or hardware regular trigger event occurs,
the ADC performs once all the regular conversions of the channels and then automatically
re-starts and continuously converts each conversions of the sequence. This mode is started
with the CONT bit at 1 either by external trigger or by setting the ADSTART bit in the
ADCx_CR register.

Inside the regular sequence, after each conversion is complete:

e The converted data are stored into the 16-bit ADCx_DR register

e The EOC (end of conversion) flag is set

e Aninterrupt is generated if the EOCIE bit is set

3
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After the sequence of conversions is complete:
e The EOS (end of sequence) flag is set
e Aninterrupt is generated if the EOSIE bit is set
Then, a new sequence restarts immediately and the ADC continuously repeats the
conversion sequence.
Note: To convert a single channel, program a sequence with a length of 1.
It is not possible to have both discontinuous mode and continuous mode enabled: it is
forbidden to set both DISCEN=1 and CONT=1.
Injected channels cannot be converted continuously. The only exception is when an injected
channel is configured to be converted automatically after reqular channels in continuous
mode (using JAUTO bit), refer to Auto-injection mode section).
15.3.15 Starting conversions (ADSTART, JADSTART)
Software starts ADC regular conversions by setting ADSTART=1.
When ADSTART is set, the conversion starts:
e Immediately: if EXTEN = 0x0 (software trigger)
e At the next active edge of the selected regular hardware trigger: if EXTEN /= 0x0
Software starts ADC injected conversions by setting JADSTART=1.
When JADSTART is set, the conversion starts:
e Immediately, if JEXTEN = 0x0 (software trigger)
e  Atthe next active edge of the selected injected hardware trigger: if JEXTEN /= 0x0
Note: In auto-injection mode (JAUTO=1), use ADSTART bit to start the regular conversions
followed by the auto-injected conversions (JADSTART must be kept cleared).
ADSTART and JADSTART also provide information on whether any ADC operation is
currently ongoing. It is possible to re-configure the ADC while ADSTART=0 and
JADSTART=0 are both true, indicating that the ADC is idle.
ADSTART is cleared by hardware:
¢ In single mode with software regular trigger (CONT=0, EXTSEL=0x0)
— at any end of regular conversion sequence (EOS assertion) or at any end of sub-
group processing if DISCEN = 1
e Inall cases (CONT=x, EXTSEL=Xx)
—  after execution of the ADSTP procedure asserted by the software.
Note: In continuous mode (CONT=1), ADSTART is not cleared by hardware with the assertion of

3

EOS because the sequence is automatically relaunched.

When a hardware trigger is selected in single mode (CONT=0 and EXTSEL /=0x00),
ADSTART is not cleared by hardware with the assertion of EOS to help the software which
does not need to reset ADSTART again for the next hardware trigger event. This ensures
that no further hardware triggers are missed.
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JADSTART is cleared by hardware:
e in single mode with software injected trigger (JEXTSEL=0x0)

— at any end of injected conversion sequence (JEOS assertion) or at any end of
sub-group processing if JDISCEN = 1

e inall cases (JEXTSEL=x)
—  after execution of the JADSTP procedure asserted by the software.

15.3.16 Timing

The elapsed time between the start of a conversion and the end of conversion is the sum of
the configured sampling time plus the successive approximation time depending on data
resolution:

Tapc = TsmpL *+ TsarR = [ 129 |min + 12.5 1120t ] X Tapc_cLk

TADC = TSMPL + TSAR =20.83 ns |min +173.6 ns [12bit = 194.4 ns (fOI’ FADC_CLK =72 MHZ)

Figure 58. Analog to digital conversion time
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1. TgmpL depends on SMP[2:0]
2. Tgar depends on RES[2:0]

15.3.17 Stopping an ongoing conversion (ADSTP, JADSTP)

The software can decide to stop regular conversions ongoing by setting ADSTP=1 and
injected conversions ongoing by setting JADSTP=1.

Stopping conversions will reset the ongoing ADC operation. Then the ADC can be
reconfigured (ex: changing the channel selection or the trigger) ready for a new operation.

Note that it is possible to stop injected conversions while regular conversions are still
operating and vice-versa. This allows, for instance, re-configuration of the injected
conversion sequence and triggers while regular conversions are still operating (and vice-
versa).

When the ADSTP bit is set by software, any ongoing regular conversion is aborted with
partial result discarded (ADCx_DR register is not updated with the current conversion).

308/1086 RMO0365 Rev 8 ‘Yl




RMO0365

Analog-to-digital converters (ADC)

Note:
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When the JADSTP bit is set by software, any ongoing injected conversion is aborted with
partial result discarded (ADCx_JDRYy register is not updated with the current conversion).
The scan sequence is also aborted and reset (meaning that relaunching the ADC would re-
start a new sequence).

Once this procedure is complete, bits ADSTP/ADSTART (in case of regular conversion), or
JADSTP/JADSTART (in case of injected conversion) are cleared by hardware and the
software must wait until ADSTART = 0 (or JADSTART = 0) before starting a new conversion.

In auto-injection mode (JAUTO=1), setting ADSTP bit aborts both regular and injected
conversions (JADSTP must not be used).

Figure 59. Stopping ongoing regular conversions
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Figure 60. Stopping ongoing regular and injected conversions
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Conversion on external trigger and trigger polarity (EXTSEL, EXTEN,
JEXTSEL, JEXTEN)

A conversion or a sequence of conversions can be triggered either by software or by an
external event (e.g. timer capture, input pins). If the EXTEN[1:0] control bits (for a regular
conversion) or JEXTENI1:0] bits (for an injected conversion) are different from 0b00, then

external events are able to trigger a conversion with the selected polarity.

The regular trigger selection is effective once software has set bit ADSTART=1 and the
injected trigger selection is effective once software has set bit JADSTART=1.

Any hardware triggers which occur while a conversion is ongoing are ignored.

e If bit ADSTART=0, any regular hardware triggers which occur are ignored.

e If bit JADSTART=0, any injected hardware triggers which occur are ignored.

Table 85 provides the correspondence between the EXTEN][1:0] and JEXTEN[1:0] values

and the trigger polarity.

Table 85. Configuring the trigger polarity for regular external triggers

EXTEN[1:0] Source
00 Hardware Trigger detection disabled, software trigger detection enabled
01 Hardware Trigger with detection on the rising edge
10 Hardware Trigger with detection on the falling edge
11 Hardware Trigger with detection on both the rising and falling edges
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Note: The polarity of the regular trigger cannot be changed on-the-fly.

Table 86. Configuring the trigger polarity for injected external triggers

JEXTENI[1:0] Source
00 Hardware Trigger with detection on the rising edge
01 Hardware Trigger with detection on the rising edge
10 Hardware Trigger with detection on the falling edge
11 Hardware Trigger with detection on both the rising and falling edges
Note: The polarity of the injected trigger can be anticipated and changed on-the-fly. Refer to

Section 15.3.21: Queue of context for injected conversions.

The EXTSEL[3:0] and JEXTSEL[3:0] control bits select which out of 16 possible events can
trigger conversion for the regular and injected groups.

A regular group conversion can be interrupted by an injected trigger.

Note: The regular trigger selection cannot be changed on-the-fly.
The injected trigger selection can be anticipated and changed on-the-fly. Refer to
Section 15.3.21: Queue of context for injected conversions on page 315

Each ADC master shares the same input triggers with its ADC slave as described in

Figure 61.
Figure 61. Triggers are shared between ADC master & ADC slave
ADC MASTER
EXTi g EXTO
prodlur:talzszl . EXT1 External regular trigger
EXT15 [} /f
EXTSEL[3:0]
External injected trigger
/rJEXTSEL[B:O]
ADC SLAVE
External regular trigger
EXT;(EL[&O]
JEXTO [}
JEXTi mapped at JEXT1 External injected trigger
product level oo
JEXT15 {
JEXTSEL[3:0]
MSv30535V1
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Table 87 to Table 88 give all the possible external triggers of the two ADCs for regular and

injected conversion.

Table 87. ADC1 (master) & 2 (slave) - External triggers for regular channels

Name Source Type EXTSEL[3:0]
EXTO TIM1_CC1 event Internal signal from on chip timers 0000
EXT1 TIM1_CC2 event Internal signal from on chip timers 0001
EXT2 TIM1_CC3 event Internal signal from on chip timers 0010
EXT3 TIM2_CC2 event Internal signal from on chip timers 0011
EXT4 TIM3_TRGO event Internal signal from on chip timers 0100
EXT5 TIM4_CC4 event Internal signal from on chip timers 0101
EXT6 EXTI line 11 External pin 0110
EXT7 Reserved 0111
EXT8 Reserved 1000
EXT9 TIM1_TRGO event Internal signal from on chip timers 1001
EXT10 TIM1_TRGO2 event Internal signal from on chip timers 1010
EXT11 TIM2_TRGO event Internal signal from on chip timers 101
EXT12 TIM4_TRGO event Internal signal from on chip timers 1100
EXT13 TIM6_TRGO event Internal signal from on chip timers 1101
EXT14 TIM15_TRGO event Internal signal from on chip timers 1110
EXT15 TIM3_CC4 event Internal signal from on chip timers 1111
Table 88. ADC1 & ADC2 - External trigger for injected channels
Name Source Type JEXTSEL][3..0]
JEXTO TIM1_TRGO event Internal signal from on chip timers 0000
JEXT1 TIM1_CC4 event Internal signal from on chip timers 0001
JEXT2 TIM2_TRGO event Internal signal from on chip timers 0010
JEXT3 TIM2_CC1 event Internal signal from on chip timers 001
JEXT4 TIM3_CC4 event Internal signal from on chip timers 0100
JEXTS TIM4_TRGO event Internal signal from on chip timers 0101
JEXT6 EXTI line 15 External pin 0110
JEXT7 Reserved - 0111
JEXT8 TIM1_TRGO2 event Internal signal from on chip timers 1000
JEXT9 Reserved 1001
JEXT10 Reserved 1010
JEXT11 TIM3_CC3 event Internal signal from on chip timers 1011
JEXT12 TIM3_TRGO event Internal signal from on chip timers 1100
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Table 88. ADC1 & ADC2 - External trigger for injected channels (continued)

Name

Source Type JEXTSEL][3..0]

JEXT13

TIM3_CC1 event Internal signal from on chip timers 1101

JEXT14

TIM6_TRGO event Internal signal from on chip timers 1110

JEXT15

TIM15_TRGO event Internal signal from on chip timers 1111

15.3.19

Note:

Note:

3

Injected channel management

Triggered injection mode

To use triggered injection, the JAUTO bit in the ADCx_CFGR register must be cleared.

1. Start the conversion of a group of regular channels either by an external trigger or by
setting the ADSTART bit in the ADCx_CR register.

2. If an external injected trigger occurs, or if the JADSTART bit in the ADCx_CR register is
set during the conversion of a regular group of channels, the current conversion is
reset and the injected channel sequence switches are launched (all the injected
channels are converted once).

3. Then, the regular conversion of the regular group of channels is resumed from the last
interrupted regular conversion.

4. If aregular event occurs during an injected conversion, the injected conversion is not

interrupted but the regular sequence is executed at the end of the injected sequence.
Figure 62 shows the corresponding timing diagram.

When using triggered injection, one must ensure that the interval between trigger events is
longer than the injection sequence. For instance, if the sequence length is 28 ADC clock
cycles (that is two conversions with a sampling time of 1.5 clock periods), the minimum
interval between triggers must be 29 ADC clock cycles.

Auto-injection mode

If the JAUTO bit in the ADCx_CFGR register is set, then the channels in the injected group
are automatically converted after the regular group of channels. This can be used to convert
a sequence of up to 20 conversions programmed in the ADCx_SQR and ADCx_JSQR
registers.

In this mode, the ADSTART bit in the ADCx_CR register must be set to start regular
conversions, followed by injected conversions (JADSTART must be kept cleared). Setting
the ADSTP bit aborts both regular and injected conversions (JADSTP bit must not be used).

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.

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

When the DMA is used for exporting regular sequencer’s data in JAUTO mode, it is
necessary to program it in circular mode (CIRC bit set in DMA_CCRXx register). If the CIRC
bit is reset (single-shot mode), the JAUTO sequence will be stopped upon DMA Transfer
Complete event.
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Figure 62. Injected conversion latency

ADCCLK

Injection event : |_ :

Reset ADC

max. latency Q)

SOC

ai16049b

1. The maximum latency value can be found in the electrical characteristics of the STM32F302xx datasheets.

Discontinuous mode (DISCEN, DISCNUM, JDISCEN)

Regular group mode
This mode is enabled by setting the DISCEN bit in the ADCx_CFGR register.

It is used to convert a short sequence (sub-group) of n conversions (n < 8) that is part of the
sequence of conversions selected in the ADCx_SQR registers. The value of n is specified
by writing to the DISCNUM][2:0] bits in the ADCx_CFGR register.

When an external trigger occurs, it starts the next n conversions selected in the ADCx_SQR
registers until all the conversions in the sequence are done. The total sequence length is
defined by the L[3:0] bits in the ADCx_SQR1 register.

Example:

e DISCEN=1, n=3, channels to be converted =1, 2, 3,6, 7, 8, 9, 10, 11

—  1sttrigger: channels converted are 1, 2, 3 (an EOC event is generated at each
conversion).

—  2nd trigger: channels converted are 6, 7, 8 (an EOC event is generated at each
conversion).

— 3rd trigger: channels converted are 9, 10, 11 (an EOC event is generated at each
conversion) and an EOS event is generated after the conversion of channel 11.

—  4th trigger: channels converted are 1, 2, 3 (an EOC event is generated at each
conversion).

. DISCEN=0, channels to be converted =1, 2, 3, 6, 7, 8, 9, 10,11

—  1sttrigger: the complete sequence is converted: channel 1, then 2, 3, 6,7, 9, 10
and 11. Each conversion generates an EOC event and the last one also generates
an EOS event.

— all the next trigger events will relaunch the complete sequence.
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Note:

15.3.21

3

When a regular group is converted in discontinuous mode, no rollover occurs (the last
subgroup of the sequence can have less than n conversions).

When all subgroups are converted, the next trigger starts the conversion of the first
subgroup. In the example above, the 4th trigger reconverts the channels 1, 2 and 3 in the
1st subgroup.

It is not possible to have both discontinuous mode and continuous mode enabled. In this
case (if DISCEN=1, CONT=1), the ADC behaves as if continuous mode was disabled.

Injected group mode

This mode is enabled by setting the JDISCEN bit in the ADCx_CFGR register. It converts
the sequence selected in the ADCx_JSQR register, channel by channel, after an external
injected trigger event. This is equivalent to discontinuous mode for regular channels where
‘n’is fixed to 1.

When an external trigger occurs, it starts the next channel conversions selected in the
ADCx_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 ADCx_JSQR register.

Example:

e JDISCEN=1, channels to be converted = 1, 2, 3

1st trigger: channel 1 converted (a JEOC event is generated)

2nd trigger: channel 2 converted (a JEOC event is generated)

3rd trigger: channel 3 converted and a JEOC event + a JEOS event are generated

When all injected channels have been converted, the next trigger starts the conversion of
the first injected channel. In the example above, the 4th trigger reconverts the 1st injected
channel 1.

It is not possible to use both auto-injected mode and discontinuous mode simultaneously:
the bits DISCEN and JDISCEN must be kept cleared by software when JAUTO is set.

Queue of context for injected conversions

A queue of context is implemented to anticipate up to 2 contexts for the next injected
sequence of conversions.
This context consists of:

e  Configuration of the injected triggers (bits JEXTEN[1:0] and JEXTSEL[3:0] in
ADCx_JSQR register)

¢ Definition of the injected sequence (bits JSQx[4:0] and JL[1:0] in ADCx_JSQR register)
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All the parameters of the context are defined into a single register ADCx_JSQR and this
register implements a queue of 2 buffers, allowing the bufferization of up to 2 sets of
parameters:

e The JSQR register can be written at any moment even when injected conversions are
ongoing.

e Each data written into the JSQR register is stored into the Queue of context.

e At the beginning, the Queue is empty and the first write access into the JSQR register
immediately changes the context and the ADC is ready to receive injected triggers.

e Once an injected sequence is complete, the Queue is consumed and the context
changes according to the next JSQR parameters stored in the Queue. This new
context is applied for the next injected sequence of conversions.

e A Queue overflow occurs when writing into register JSQR while the Queue is full. This
overflow is signaled by the assertion of the flag JQOVF. When an overflow occurs, the
write access of JSQR register which has created the overflow is ignored and the queue
of context is unchanged. An interrupt can be generated if bit JQOVFIE is set.

e Two possible behaviors are possible when the Queue becomes empty, depending on
the value of the control bit JQAM of register ADCx_CFGR:

— 1fJQM=0, the Queue is empty just after enabling the ADC, but then it can never be
empty during run operations: the Queue always maintains the last active context
and any further valid start of injected sequence will be served according to the last
active context.

— If JQM=1, the Queue can be empty after the end of an injected sequence or if the
Queue is flushed. When this occurs, there is no more context in the queue and
both injected software and hardware triggers are disabled. Therefore, any further
hardware or software injected triggers are ignored until the software re-writes a
new injected context into JSQR register.

e Reading JSQR register returns the current JSQR context which is active at that
moment. When the JSQR context is empty, JSQR is read as 0x0000.

e The Queue is flushed when stopping injected conversions by setting JADSTP=1 or
when disabling the ADC by setting ADDIS=1:

- If JQM=0, the Queue is maintained with the last active context.

- 1f JQM=1, the Queue becomes empty and triggers are ignored.
When configured in discontinuous mode (bit JDISCEN=1), only the last trigger of the
injected sequence changes the context and consumes the Queue.The 15t trigger only

consumes the queue but others are still valid triggers as shown by the discontinuous mode
example below (length = 3 for both contexts):

e 1% trigger, discontinuous. Sequence 1: context 1 consumed, 15t conversion carried out
e 2" trigger, disc. Sequence 1: 2" conversion.

e 3¢ trigger, discontinuous. Sequence 1: 3" d conversion.

o 4h trigger, discontinuous. Sequence 2: context 2 consumed, 1 St conversion carried out.
e 5N trigger, discontinuous. Sequence 2: 24 conversion.

e 6! trigger, discontinuous. Sequence 2: 3" conversion.

3
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Behavior when changing the trigger or sequence context

The Figure 63 and Figure 64 show the behavior of the context Queue when changing the
sequence or the triggers.

Figure 63. Example of JSQR queue of context (sequence change)

P1 P2 P3
Write JSQR [ M [l
JSQR queue EmPTY ¥ p1 X P1P2 X P2 ID(PZ,Pa ¥ P3
Trigger 1 ; |_| ; |_| ;
ADC J context STy : : = : : 5
(returned by reading X_Pi : :X : D( S
JQSR) : : i i
ADC state RDY X Conversion1 X Conversion2 X Conversion3 X RDY X Conversion1 X RDY
MS30536V2
1. Parameters:
P1: sequence of 3 conversions, hardware trigger 1
P2: sequence of 1 conversion, hardware trigger 1
P3: sequence of 4 conversions, hardware trigger 1
Figure 64. Example of JSQR queue of context (trigger change)
P1 P2 P3
Write JSSQR |_| l_l. l_l
: I :
JSQR queue EMPTY )( P1 X P1,P2 X P2 )( P2,P3 X P3
E E E Ignored E
Trigger 1 : .l_l : : [ I
Trigger 2 : lgnored 1 : : [ E
ADC J context : : : : - :
(returned by reading EMPTY_ APt : :X P2 : :X P3
JQSR) ! ' 1 '
ADC state RDY X Conversion1 X Conversion2 X RDY X Conversion1 X RDY
MS30537V2
1. Parameters:
P1: sequence of 2 conversions, hardware trigger 1
P2: sequence of 1 conversion, hardware trigger 2
P3: sequence of 4 conversions, hardware trigger 1
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Queue of context: Behavior when a queue overflow occurs

The Figure 65 and Figure 66 show the behavior of the context Queue if an overflow occurs
before or during a conversion.

Figure 65. Example of JSQR queue of context with overflow before conversion

P1 P2 P3 => Overflow,
Write JSQR ﬂ ﬂ ignored

P4

.

JSOR “Eyery P1 ><P1, P2
queue

P2

P2, P4

JQOVF

Trigger 1

Cleared by SW

Trigger 2

ADC

J context
(returned by EMPTY P

P2

reading JQSR)

ADC state RDY

Conversion1 >< Conversion2

RDY

Conversion1

JEOS

MS30538V2

1.

Parameters:

P1: sequence of 2 conversions, hardware trigger 1
P2: sequence of 1 conversion, hardware trigger 2
P3: sequence of 3 conversions, hardware trigger 1
P4: sequence of 4 conversions, hardware trigger 1

Figure 66. Example of JSQR queue of context with overflow during conversion

P1 P2

Write JSQR ﬂ ﬂ

P3  => Overflow,

T ignored

P4

.

JSAR ey P1 ><P1, P2
queue

P2

P2, P4

JQOVF

Trigger 1

Cleared by SW

Trigger 2

ADC

J context

(returned by EMPTY >< P1

P2

reading JQSR)

ADC state RDY

Conversion1 >< Conversion2

RDY

Conversion1

JEOS

MS30539V2

1.

Parameters:

P1: sequence of 2 conversions, hardware trigger 1
P2: sequence of 1 conversion, hardware trigger 2
P3: sequence of 3 conversions, hardware trigger 1
P4: sequence of 4 conversions, hardware trigger 1
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It is recommended to manage the queue overflows as described below:

e After each P context write into JSQR register, flag JQOVF shows if the write has been
ignored or not (an interrupt can be generated).

e Avoid Queue overflows by writing the third context (P3) only once the flag JEOS of the
previous context P2 has been set. This ensures that the previous context has been
consumed and that the queue is not full.

Queue of context: Behavior when the queue becomes empty

Figure 67 and Figure 68 show the behavior of the context Queue when the Queue becomes
empty in both cases JQM=0 or 1.

Figure 67. Example of JSQR queue of context with empty queue (case JQM=0)

. Queue not empty
The queue is not empty (P3 maintained)
P1 P2 and maintains P2 because JQM=0 P3 /
Write JSQR // ﬂg j
JSQR queue EMPTY ) P1 P1, P2 X P2 / Y P3
Trigger 1 / [ M
ADC J context
(returned by EMPTY P1 P2 X P3
reading JQS
ADC state RDY Conversion1 RDY Conversion1 RDY QX Conversion1 RDY Conversion1 RDY:X Conv
MS30540V3

1. Parameters:
P1: sequence of 1 conversion, hardware trigger 1
P2: sequence of 1 conversion, hardware trigger 1
P3: sequence of 1 conversion, hardware trigger 1
Note: When writing P3, the context changes immediately. However, because of internal
resynchronization, there is a latency and if a trigger occurs just after or before writing P3, it
can happen that the conversion is launched considering the context P2. To avoid this
situation, the user must ensure that there is no ADC trigger happening when writing a new
context that applies immediately.

3
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Figure 68. Example of JSQR queue of context with empty queue (case JQM=1)

Queue becomes empty
and triggers are ignored

P1 P2 because JQM=1 P3
Write JSQR [ [ \ I
JSQR : { NI '
queue EMPTYX_P1 XP1,P2 X P2 \ X EMPTY X P3 X EMPTY
Trigger 1 ' |_| ' |_| \ : |‘|Ignored : |—| : Ignored
ADC ' : : : N — :
Jcontext EMPTY X P1 : X P2 X EMPTY (0x0000)X  P3 X EMPTY
(returned by reading JQSR) ! : | : : ;
ADC state RDY XConversiomXRDY XConversiomX RDY XConversiomX RDY
MS30541V1

1. Parameters:
P1: sequence of 1 conversion, hardware trigger 1
P2: sequence of 1 conversion, hardware trigger 1
P3: sequence of 1 conversion, hardware trigger 1

Flushing the queue of context

The figures below show the behavior of the context Queue in various situations when the
queue is flushed.

Figure 69. Flushing JSQR queue of context by setting JADSTP=1 (JQM=0).
Case when JADSTP occurs during an ongoing conversion.

Queue is flushed and maintains
P1 P2 the last active context P3
(P2 is lost)
Write JSSQR ﬂ T T
JSQR queue EMPTY P1 P1, P2 P1 P3
Set YL Reset
JADSTP by SIW by HW
JADSTART Reset
by H/W Set
by S/IW
Trigger 1 T
ADC J context EMPTY P1 P3
(returned by reading JSQR)
ADC state RDY RDY Conversion1 {RDY
MS30544V2

1. Parameters:
P1: sequence of 1 conversion, hardware trigger 1
P2: sequence of 1 conversion, hardware trigger 1
P3: sequence of 1 conversion, hardware trigger 1

3
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Figure 70. Flushing JSQR queue of context by setting JADSTP=1 (JQM=0).
Case when JADSTP occurs during an ongoing conversion and a new
trigger occurs.

Queue is flushed and maintains
P1 P2 the last active context  p3
Write JSQR  [] (PZis lost N
: v | !
JSQR ) h
queue  EMPTY)X P1 X P1,P2 X [P1 :><P1, P3:>< P3
: Set Reset ' '
JADSTP ' by S E by H/W . ,
JADSTART - | Reset = E
1 i \by H/W € !
: Y by SIW :
Trigger 1 : |_| v |_| : |_|
: : R : - :
ADC J ' - : =
context EMPTYX P1 ; : : : =
(returned by reading JSQR) ; ; ; ! ;
ADC state  RDY XConv)&TPX__ RDY  XConversionf ConversionXRDY
(Aborted)
MS30543V1

1. Parameters:
P1: sequence of 1 conversion, hardware trigger 1
P2: sequence of 1 conversion, hardware trigger 1
P3: sequence of 1 conversion, hardware trigger 1

Figure 71. Flushing JSQR queue of context by setting JADSTP=1 (JQM=0).
Case when JADSTP occurs outside an ongoing conversion

P1 P2 the last active context  P3
(P2 is lost)
Write JSQR |_| |_! // |_!
JSQR queue EMPTY) P1 X P1,P2 X /P1 X P3
: Set ) Reset ;
JADSTP i by SIW /¥ \by HW '
JADSTART ' . Reset ; -
: 1 \by H/W ' €
‘ ‘ \ Y ; by SIW
Trigger 1 ' - 1
ADC J context EMPTY ) P1 P X P3|
(returned byreading JSQR) 5 I
ADC state RDY RDY JConversiont(RDY
MS30544V1
1. Parameters:
P1: sequence of 1 conversion, hardware trigger 1
P2: sequence of 1 conversion, hardware trigger 1
P3: sequence of 1 conversion, hardware trigger 1
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Figure 72. Flushing JSQR queue of context by setting JADSTP=1 (JQM=1)

Queue is flushed and
becomes empty (P2 is lost)
P1 P2 P3
Write JSQR I_I I_I I_I
JSQR queue  EMPTYX P1 XP1, P2 X EMPTY XP3 X EMPTY
A Set W Rese;t : 1
! © N\ by H/W ; :
JADSTP ; by SIW /3 \2Y i ;
JADSTART : Reset. Set | !
: by HW by SW :
; . Ignored ;
Trigger 1 - I_I Lo : I_I '
ADC J context EMPTY X P1 5 X__EMPTY (0x0000) X P3 ! XEMPTY
(returned by reading JSQR) | b ' | !
ADC state RDY >¢ Conv1 ! RDY XConversiom;X RDY
(Aborted) MS30545V1

1. Parameters:
P1: sequence of 1 conversion, hardware trigger 1
P2: sequence of 1 conversion, hardware trigger 1
P3: sequence of 1 conversion, hardware trigger 1

Figure 73. Flushing JSQR queue of context by setting ADDIS=1 (JQM=0)

Queue is flushed and maintains
the last active context
(P2 which was not consumed is lost)

(returned by reading JSQR)

JSQR queue P1, P2 X P1
Set \ . Reset
ADDIS by SIW/ "\ by H/W
ADC J context P1 ,

ADC state

RDY :>(REQ-OFF:>(

OFF

MS30546V1

1. Parameters:
P1: sequence of 1 conversion, hardware trigger 1
P2: sequence of 1 conversion, hardware trigger 1
P3: sequence of 1 conversion, hardware trigger 1
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Figure 74. Flushing JSQR queue of context by setting ADDIS=1 (JQM=1)

Queue is flushed and becomes empty
(JSQR is read as 0x0000)

JSQR queue P1, P2 EMPTY
Set 4 Reset
ADDIS by S/W by H/W
ADC J context P1 EMPTY (6x0000)
(returned by reading JSQR)
ADC state RDY REQ-OFF OFF

MS30547V2

Parameters:

P1: sequence of 1 conversion, hardware trigger 1
P2: sequence of 1 conversion, hardware trigger 1
P3: sequence of 1 conversion, hardware trigger 1

Changing context from hardware to software (or software to hardware)
injected trigger

When changing the context from hardware trigger to software injected trigger, it is
necessary to stop the injected conversions by setting JADSTP=1 after the last hardware
triggered conversions. This is necessary to re-enable the software trigger (a rising edge on
JADSTART is necessary to start a software injected conversion). Refer to Figure 75.

When changing the context from software trigger to hardware injected trigger, after the last
software trigger, it is necessary to set JADSTART=1 to enable the hardware triggers. Refer

to Figure 75.

Figure 75. Example of JSQR queue of context when changing SW and HW triggers

P1 P2 P3 P4

Write JSQR [ ] [ [ [

JSQR ' ' ' :

queue EMPTY:X P1 X P1,P2 }( P2 XP2, P3:>< P3 XP3, P4:>< P4
H/W trigger ; M ; M ; M Ignored ; M
ADC J : : : : : : 5
context EMPTYEX P1 ' X P2 : X__ P3 XP4 .
(returned by reading JSQR) | | ! E 5 :
ADC state  RDY' EXConversiomX RDY XConversiomX RDY

XConversiomX RDY XConversiom

triggered by H/W triggered by H/W : triggered by S/W triggered by H/W
Reset : Reset
JADSTART Set by H/W/. Set by H/W/ Set
by S/IW by S/IW by S/IW
Set Reset
JADSTP by S/W by H/W
MS30548V1
1. Parameters:
P1: sequence of 1 conversion, hardware trigger (JEXTEN /=0x0)
P2: sequence of 1 conversion, hardware trigger (JEXTEN /= 0x0)
P3: sequence of 1 conversion, software trigger (JEXTEN = 0x0)
P4: sequence of 1 conversion, hardware trigger (JEXTEN /= 0x0)
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Queue of context: Starting the ADC with an empty queue

The following procedure must be followed to start ADC operation with an empty queue, in
case the first context is not known at the time the ADC is initialized. This procedure is only
applicable when JQM bit is reset:

5.  Write a dummy JSQR with JEXTEN not equal to 0 (otherwise triggering a software
conversion)

Set JADSTART

Set JADSTP

Wait until JADSTART is reset
Set JADSTART.

© ® N

Programmable resolution (RES) - fast conversion mode

It is possible to perform faster conversion by reducing the ADC resolution.

The resolution can be configured to be either 12, 10, 8, or 6 bits by programming the control
bits RES[1:0]. Figure 80, Figure 81, Figure 82 and Figure 83 show the conversion result
format with respect to the resolution as well as to the data alignment.

Lower resolution allows faster conversion time for applications where high-data precision is
not required. It reduces the conversion time spent by the successive approximation steps
according to Table 89.

Table 89. Tgag timings depending on resolution

Tapc (ADC clock cycles)

RES T T ns) at T ns) at
(bits) | (ADC closg(Rcycles) FAT;::‘;SIZ '3’""2 (1“?::3 r::‘ll:t))l(i:rl](gc;ic"::eesj FA?DIZ:C:;Z '3’""2
12 12.5 ADC clock cycles [173.6 ns 14 ADC clock cycles 194.4 ns
10 10.5 ADC clock cycles |145.8 ns 12 ADC clock cycles 166.7 ns
8 8.5 ADC clock cycles |118.0 ns 10 ADC clock cycles 1389 ns
6 6.5 ADC clock cycles |90.3 ns 8 ADC clock cycles 111.1ns

End of conversion, end of sampling phase (EOC, JEOC, EOSMP)

The ADC notifies the application for each end of regular conversion (EOC) event and each
injected conversion (JEOC) event.

The ADC sets the EOC flag as soon as a new regular conversion data is available in the
ADCx_DR register. An interrupt can be generated if bit EOCIE is set. EOC flag is cleared by
the software either by writing 1 to it or by reading ADCx_DR.

The ADC sets the JEOC flag as soon as a new injected conversion data is available in one
of the ADCx_JDRYy register. An interrupt can be generated if bit JEOCIE is set. JEOC flag is
cleared by the software either by writing 1 to it or by reading the corresponding ADCx_JDRy
register.

The ADC also notifies the end of Sampling phase by setting the status bit EOSMP (for
regular conversions only). EOSMP flag is cleared by software by writing 1 to it. An interrupt
can be generated if bit EOSMPIE is set.
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15.3.24 End of conversion sequence (EOS, JEOS)

The ADC notifies the application for each end of regular sequence (EOS) and for each end
of injected sequence (JEOS) event.

The ADC sets the EOS flag as soon as the last data of the regular conversion sequence is
available in the ADCx_DR register. An interrupt can be generated if bit EOSIE is set. EOS
flag is cleared by the software either by writing 1 to it.

The ADC sets the JEOS flag as soon as the last data of the injected conversion sequence is
complete. An interrupt can be generated if bit JEOSIE is set. JEOS flag is cleared by the
software either by writing 1 to it.

15.3.25 Timing diagrams example (single/continuous modes,
hardware/software triggers)

Figure 76. Single conversions of a sequence, software trigger

ADSTART" f 1 f
EOC fi L L f 1 1 f 1 f
EOS t i
ADC state® ___RDY } CH1 } CH9 ) CH10 f CH17 X RDY ) CH1 f CH9 ) CH10 | CH17 J RDY
ADC_DR \_D1 Y D9 Y D10} D17 \ D1 Y D9 Y D10o) D17
bysw [ by
MS30549V1

1. EXTEN=0x0, CONT=0
2. Channels selected = 1,9, 10, 17; AUTDLY=0.

Figure 77. Continuous conversion of a sequence, software trigger

ADCSTART® 1 v
Foc 1 L L f ol 1
EOS fl
ADSTP 1l
ADC state® READY)( cH1 ) cHo | cH10 f cH17 ) cH1 ) cH9 YcH1o) st f Reaby J cH1 f cHo )
ADC_DR ( o1 b9 Y pto J b17 { b1 ) D9 [ b1
bysw_f  byHW_{f

MS30550V1

1. EXTEN=0x0, CONT=1
2. Channels selected = 1,9, 10, 17; AUTDLY=0.
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Figure 78. Single conversions of a sequence, hardware trigger

ADSTART T

EOC 1SN S RN RS S S TR S S S A B

EOS I o

TRGX"M L ] < | ] >k T
ADC state® RDY { cH1  cH2 ) cH3 )} cH4 READY CH1 ) cH2 { cH3 ) cH4 { RDY
ADC_DR { b1 ) b2 { b3 D4 X b1 ¥ b2 Y D3 )\ D4

by siw__§ byhw f triggered f  ignored >k Indicative timings

MS31013Vv2

1. TRGx (over-frequency) is selected as trigger source, EXTEN = 01, CONT =0
2. Channels selected = 1, 2, 3, 4; AUTDLY=0.

Figure 79. Continuous conversions of a sequence, hardware trigger

ADSTART _______ T 1
EOC i 1 3 1 3§ F1 31 7
EOS 1 3
ADSTP !
TRGX" ] | *x
ADC® RDY X cH1 { cH2 X cH3 Y cHa X cH1 X cH2 X cH3 X cH4 X cH1 (STOP(_ RDY
ADC_DR X b1 X b2 X p3 X b4 X b1 X b2 X D3 X D4
bysiw__§ byhw __f triggered_f  ignored >k [ Not in scale timings |
MS31014V2

1. TRGx is selected as trigger source, EXTEN = 10, CONT = 1
2. Channels selected = 1, 2, 3, 4; AUTDLY=0.

15.3.26 Data management

Data register, data alignment and offset (ADCx_DR, OFFSETy, OFFSETy_CH,
ALIGN)

Data and alignment

At the end of each regular conversion channel (when EOC event occurs), the result of the
converted data is stored into the ADCx_DR data register which is 16 bits wide.

At the end of each injected conversion channel (when JEOC event occurs), the result of the
converted data is stored into the corresponding ADCx_JDRYy data register which is 16 bits
wide.

The ALIGN bit in the ADCx_CFGR register selects the alignment of the data stored after
conversion. Data can be right- or left-aligned as shown in Figure 80, Figure 81, Figure 82
and Figure 83.
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Special case: when left-aligned, the data are aligned on a half-word basis except when the
resolution is set to 6-bit. In that case, the data are aligned on a byte basis as shown in
Figure 82 and Figure 83.

Offset

An offset y (y=1,2,3,4) can be applied to a channel by setting the bit OFFSETy_EN=1 into
ADCx_OFRYy register. The channel to which the offset will be applied is programmed into the
bits OFFSETy_CHI[4:0] of ADCx_OFRYy register. In this case, the converted value is
decreased by the user-defined offset written in the bits OFFSETy[11:0]. The result may be a
negative value so the read data is signed and the SEXT bit represents the extended sign
value.

Table 92 describes how the comparison is performed for all the possible resolutions for
analog watchdog 1.

Table 90. Offset computation versus data resolution

Substraction between raw
Resolution converted data and offset
(bits Result Comments
RES[1:0]) Raw converted
data, left aligned Offset
00: 12-bit DATA[11:0] OFFSET[11:0] | Signed 12-bit data | -
. . ) . . i The user must configure
01: 10-bit DATA[11:2],00 OFFSET[11:0] | Signed 10-bit data OFFSET[1:0] to "00”
. . ) . . . The user must configure
10: 8-bit DATA[11:4],0000 OFFSET[11:0] | Signed 8-bit data OFFSET[3:0] to “0000”
. . . . . " The user must configure
11: 6-bit DATA[11:6],000000 | OFFSET[11:0] | Signed 6-bit data OFFSET[5:0] to “000000”

When reading data from ADCx_DR (regular channel) or from ADCx_JDRYy (injected
channel, y=1,2,3,4) corresponding to the channel “i”:

e Ifone of the offsets is enabled (bit OFFSETy_EN=1) for the corresponding channel, the
read data is signed.

e If none of the four offsets is enabled for this channel, the read data is not signed.

Figure 80, Figure 81, Figure 82 and Figure 83 show alignments for signed and unsigned
data.
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Figure 80. Right alignment (offset disabled, unsigned value)

12-bit data

bit15 bit7 bit0

|0|0|O|O|D11|D10|D9|D8|D7|D6|D5 D4 | D3 | D2 D1|D0|

10-bit data

bit15 bit7 bit0

|0|0|O|O|0|0|D9|D8|D7|D6|D5 D4 | D3 | D2 D1|D0|

8-bit data

bit15 bit7 bit0

|0|0|O|O|0|0|O|0|D7|D6|D5D4 D3 | D2 D1|D0|

6-bit data

bit15 bit7 bit0

|0|0|o|o|o|o|o|o|o|o|D5D4 D3 | D2 D1|D0|
MS31015V1

Figure 81. Right alignment (offset enabled, signed value)

12-bit data

bit15 bit7 bit0

|SEXT|SEXT|SEXT|SEXT| D11 |D1o| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO |

10-bit data

bit15 bit7 bit0

|SEXT|SEXT|SEXT|SEXT|SEXT|SEXT| D9 | D8 | D7 | D6 | D5 | b4 | D3| D2 | D1 | DO |

8-bit data

bit15 bit7 bit0

|SEXT|SEXT|SEXT|SEXT|SEXT|SEXT|SEXT|SEXT| D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO |

6-bit data

bit15 bit7 bit0

|SEXT|SEXT|SEXT|SEXT|SEXT|SEXT|SEXT|SEXT|SEXT|SEXT| D5 | D4 | D3 | D2 | D1 | DO |

MS31016V1
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Figure 82. Left alignment (offset disabled, unsigned value)

12-bit data
bit15 bit7 bit0
|D11|D10|D9|D8|D7|D6|D5|D4|D3|D2|D1|D0| 0 | 0 | 0 | 0 |
10-bit data
bit15 bit7 bit0
|D9|D8|D7|D6|D5|D4|D3|D2|D1|D0| 0 | 0 | o| 0 | o| 0|
8-bit data
bit15 bit7 bit0
|D7|D6|D5|D4|D3|D2|D1|D0| o|o | 0|o | 0|o | 0 | 0|
6-bit data
bit15 bit7 bit0
|0|0|O|O|0|0|O|O|D5|D4|D3|D2|D1|DO|O|O|
MS31017V1
Figure 83. Left alignment (offset enabled, signed value)
12-bit data
bit15 bit7 bit0
|SEXT|D11|D10|D9|D8|D7|D6|D5|D4|D3|D2|D1 |Do| 0 | 0 |o |
10-bit data
bit15 bit7 bit0
|SEXT|D9|D8|D7|D6|D5|D4|D3|D2|D1|D0| 0 | 0 | 0 | 0 | 0 |
8-bit data
bit15 bit7 bit0
|SEXT|D7|D6|D5|D4|D3|D2|D1|D0| 0 | 0 | 0 | 0 | 0 | 0 | o|
6-bit data
bit15 bit7 bit0
|SEXT|SEXT|SEXT|SEXT|SEXT|SEXT|SEXT|SEXT|SEXT| D5 | D4 | D3 | D2 | D1 | DO | 0 |
MS31018V1
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ADC overrun (OVR, OVRMOD)

The overrun flag (OVR) notifies of a buffer overrun event, when the regular converted data
was not read (by the CPU or the DMA) before new converted data became available.

The OVR flag is set if the EOC flag is still 1 at the time when a new conversion completes.
An interrupt can be generated if bit OVRIE=1.

When an overrun condition occurs, the ADC is still operating and can continue to convert
unless the software decides to stop and reset the sequence by setting bit ADSTP=1.

OVR flag is cleared by software by writing 1 to it.
It is possible to configure if data is preserved or overwritten when an overrun event occurs
by programming the control bit OVRMOD:

¢ OVRMOD=0: The overrun event preserves the data register from being overrun: the
old data is maintained and the new conversion is discarded and lost. If OVR remains at
1, any further conversions will occur but the result data will be also discarded.

e OVRMOD=1: The data register is overwritten with the last conversion result and the
previous unread data is lost. If OVR remains at 1, any further conversions will operate
normally and the ADCx_DR register will always contain the latest converted data.

Figure 84. Example of overrun (OVR)

ADSTARTH 1T !
JES S L § e L b
OVR - i I B
ADSTP !
TRGXW ———1 A
ADC state® RDY | CH1 XCHa: \"Chs )\ cha Y chs | CHe Y cH7 )i sTop | RDY
ADC_DR read access i-| |I-| |I—| Overu{i Iﬂ i—|
(OVAMOD=0) \_ b1 X D2 } D3 X D4
(OVRAN?O%:D% Y b1 X D2 ¥ b3 X D4 Y D5 ) D6
bysw T byhw 7 triggered_{
MS31019V1
Note: There is no overrun detection on the injected channels since there is a dedicated data

register for each of the four injected channels.

Managing a sequence of conversion without using the DMA

If the conversions are slow enough, the conversion sequence can be handled by the
software. In this case the software must use the EOC flag and its associated interrupt to
handle each data. Each time a conversion is complete, EOC is set and the ADCx_DR
register can be read. OVRMOD should be configured to 0 to manage overrun events as an
error.
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Managing conversions without using the DMA and without overrun

It may be useful to let the ADC convert one or more channels without reading the data each
time (if there is an analog watchdog for instance). In this case, the OVRMOD bit must be
configured to 1 and OVR flag should be ignored by the software. An overrun event will not
prevent the ADC from continuing to convert and the ADCx_DR register will always contain
the latest conversion.

Managing conversions using the DMA

Since converted channel values are stored into a unique data register, it is useful to use
DMA for conversion of more than one channel. This avoids the loss of the data already
stored in the ADCx_DR register.

When the DMA mode is enabled (DMAEN bit set to 1 in the ADCx_CFGR register in single
ADC mode or MDMA different from 0b00 in dual ADC mode), a DMA request is generated
after each conversion of a channel. This allows the transfer of the converted data from the
ADCx_DR register to the destination location selected by the software.

Despite this, if an overrun occurs (OVR=1) because the DMA could not serve the DMA
transfer request in time, the ADC stops generating DMA requests and the data
corresponding to the new conversion is not transferred by the DMA. Which means that all
the data transferred to the RAM can be considered as valid.

Depending on the configuration of OVRMOD bit, the data is either preserved or overwritten
(refer to Section : ADC overrun (OVR, OVRMOD)).

The DMA transfer requests are blocked until the software clears the OVR bit.

Two different DMA modes are proposed depending on the application use and are
configured with bit DMACFG of the ADCx_CFGR register in single ADC mode, or with bit
DMACFG of the ADCx_CCR register in dual ADC mode:

e  DMA one shot mode (DMACFG=0).
This mode is suitable when the DMA is programmed to transfer a fixed number of data.

e  DMA circular mode (DMACFG=1)
This mode is suitable when programming the DMA in circular mode.

DMA one shot mode (DMACFG=0)

In this mode, the ADC generates a DMA transfer request each time a new conversion data
is available and stops generating DMA requests once the DMA has reached the last DMA
transfer (when DMA_EOT interrupt occurs - refer to DMA paragraph) even if a conversion
has been started again.

When the DMA transfer is complete (all the transfers configured in the DMA controller have
been done):

e  The content of the ADC data register is frozen.

e Any ongoing conversion is aborted with partial result discarded.

e No new DMA request is issued to the DMA controller. This avoids generating an
overrun error if there are still conversions which are started.

e  Scan sequence is stopped and reset.
e The DMA s stopped.
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15.3.27

Note:

Note:

332/1086

DMA circular mode (DMACFG=1)

In this mode, the ADC generates a DMA transfer request each time a new conversion data
is available in the data register, even if the DMA has reached the last DMA transfer. This
allows configuring the DMA in circular mode to handle a continuous analog input data
stream.

Dynamic low-power features

Auto-delayed conversion mode (AUTDLY)

The ADC implements an auto-delayed conversion mode controlled by the AUTDLY
configuration bit. Auto-delayed conversions are useful to simplify the software as well as to
optimize performance of an application clocked at low frequency where there would be risk
of encountering an ADC overrun.

When AUTDLY=1, a new conversion can start only if all the previous data of the same group
has been treated:

e  For aregular conversion: once the ADCx_DR register has been read or if the EOC bit
has been cleared (see Figure 85).

e Foran injected conversion: when the JEOS bit has been cleared (see Figure 86).

This is a way to automatically adapt the speed of the ADC to the speed of the system which
will read the data.

The delay is inserted after each regular conversion (whatever DISCEN=0 or 1) and after
each sequence of injected conversions (whatever JDISCEN=0 or 1).

There is no delay inserted between each conversions of the injected sequence, except after
the last one.

During a conversion, a hardware trigger event (for the same group of conversions) occurring
during this delay is ignored.

This is not true for software triggers where it remains possible during this delay to set the
bits ADSTART or JADSTART to re-start a conversion: it is up to the software to read the
data before launching a new conversion.

No delay is inserted between conversions of different groups (a regular conversion followed
by an injected conversion or conversely):

e If aninjected trigger occurs during the automatic delay of a regular conversion, the
injected conversion starts immediately (see Figure 86).

e  Once the injected sequence is complete, the ADC waits for the delay (if not ended) of
the previous regular conversion before launching a new regular conversion (see
Figure 88).

The behavior is slightly different in auto-injected mode (JAUTO=1) where a new regular
conversion can start only when the automatic delay of the previous injected sequence of
conversion has ended (when JEOS has been cleared). This is to ensure that the software
can read all the data of a given sequence before starting a new sequence (see Figure 89).

To stop a conversion in continuous auto-injection mode combined with autodelay mode
(JAUTO=1, CONT=1 and AUTDLY=1), follow the following procedure:

3

RMO0365 Rev 8




RMO0365 Analog-to-digital converters (ADC)

1. Wait until JEOS=1 (no more conversions are restarted)
2. Clear JEOS,

3. SetADSTP=1

4. Read the regular data.

If this procedure is not respected, a new regular sequence can re-start if JEOS is cleared
after ADSTP has been set.

In AUTDLY mode, a hardware regular trigger event is ignored if it occurs during an already
ongoing regular sequence or during the delay that follows the last regular conversion of the
sequence. It is however considered pending if it occurs after this delay, even if it occurs
during an injected sequence of the delay that follows it. The conversion then starts at the
end of the delay of the injected sequence.

In AUTDLY mode, a hardware injected trigger event is ignored if it occurs during an already
ongoing injected sequence or during the delay that follows the last injected conversion of
the sequence.

Figure 85. AUTODLY=1, regular conversion in continuous mode, software trigger

ADSTART(1) — 1 :
EOC f 1 L f !
EOS R
ADSTP ‘r
ADC_DR read access M M M N

ADCstate  RDY ) CH1 ) DLY ) CH2 cH3 { by Y cH1 { by Ystop)  RDY

ADC_DR \ D1 D2 D3 X D1

by swW_§ by HW

[ Indicative timings |

MS31020V1

1. AUTDLY=1
2. Regular configuration: EXTEN=0x0 (SW trigger), CONT=1, CHANNELS =1,2,3
3. Injected configuration DISABLED
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Figure 86. AUTODLY=1, regular HW conversions interrupted by injected conversions
(DISCEN=0; JDISCEN=0)

Notignored
Ignored (occurs during injected sequence)
Regular
trigger |_| H
il
ADCstate RDY } CH1 [ DLY ) CH2 f DLY Y CH5 ) CH6 Y CH3 J DLY | CH1 ) DLY YCH2
regular regular injected regular injected regular regular
DLY (CH1): DLY (CH2) DLY (CH3) DLY (CH1):
EOC v
EOS
ADC_DR
read access [ I |_
ADC_DR D1 D2 | D3 D1
Injected Ignored
trigger |_|
DLY (inj)
JEOS ) 1]
ADC_JDR1 X D5
ADC_JDR2 X D6
by siw byhw Indicative timi
y _f_ y _t | ndicative timings VS 10212
1. AUTDLY=1

2. Regular configuration: EXTEN=0x1 (HW trigger), CONT=0, DISCEN=0, CHANNELS =1, 2,3
3. Injected configuration: JEXTEN=0x1 (HW Trigger), JDISCEN=0, CHANNELS = 5,6
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Figure 87. AUTODLY=1, regular HW conversions interrupted by injected conversions
(DISCEN=1, JDISCEN=1)

Ignored Not ignored (occurs during

-| |-| H |-| injected sequence) A
Regular trigger 4 L
ADC state  rpy 1 f oy )@( chiz_ forv Jroyf crs JRov)( cre X cHs  Ypry Rov) cH1 ¥ by JRov)cHz
regular . regular ) injected injected regular reguiar, regular
DLY (CH1) DLY (CH2 DLY (CH3) DLY (CH1)
EOC
EOS
ADC_DR i ’ S Lo i b P
read access : ] : I ; — ; : I i [
ADC_DR X D1 ) i D2 - : D3 )§ D1
' [lgnored '] Ignored
Injected trigger |‘| |‘|
DLY (inj);
JEOS ¢
ADC_JDR1 X D5
ADC_JDR2 X D6
by SW_§ by HW_ f Indicative timings
MS31022V1
AUTDLY=1
Regular configuration: EXTEN=0x1 (HW trigger), CONT=0, DISCEN=1, DISCNUM=1, CHANNELS =1, 2, 3.
Injected configuration: JEXTEN=0x1 (HW Trigger), JDISCEN=1, CHANNELS = 5,6
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Figure 88. AUTODLY=1, regular continuous conversions interrupted by injected conversions

ADSTART™ f
cH3 ) b JcH1

ADC ’
state RDY J_cHL DLY { ch2 DLY cHs X cHe X DLY ) )
regular regular tinjected! injected regular ! iregular
DLY (CH3)

DLY (CH1) DLY (CH2)
| |

EOC
A

EOS :
] ] M

ADC_DR read access
D1 X D2 { b3

ADC_DR
Ignored

Injected [—
trigger
DLY (inj)
—

1

D5
X D6

JEOS
ADC_JDR1 X

ADC_JDR2

by s/w byh/w _ 1 | Indicative timings

MS31023V2

AUTDLY=1
Regular configuration: EXTEN=0x0 (SW trigger), CONT=1, DISCEN=0, CHANNELS =1, 2, 3

Injected configuration: JEXTEN=0x1 (HW Trigger), JDISCEN=0, CHANNELS = 5,6

Figure 89. AUTODLY=1 in auto- injected mode (JAUTO=1)

ADSTART?Y T No dflay
ADCstate RDY \ CH1 J  DLY(CH1) cH2 Y cHs Y cHs Y oLy (inj) JoivicH2) { cH3 Y by ) cH1
regular regular i injected ! injected regular regular
EOC v
EOS ¢
ADC_DR read access B ; i ]
ADC_DR D1 X D2 X D3
JEOS l
ADC_JDR1 D5
ADC_JDR2 X D6
by s/w —f_ by h/w —T_ Indicative timings
Ms31024V2

1. AUTDLY=1
2. Regular configuration: EXTEN=0x0 (SW trigger), CONT=1, DISCEN=0, CHANNELS =1, 2

3. Injected configuration: JAUTO=1, CHANNELS = 5,6
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15.3.28 Analog window watchdog (AWD1EN, JAWD1EN, AWD1SGL,
AWD1CH, AWD2CH, AWD3CH, AWD_HTx, AWD_LTx, AWDx)

The three AWD analog watchdogs monitor whether some channels remain within a
configured voltage range (window).

Figure 90. Analog watchdog’s guarded area

Analog voltage 1l
Higher threshold 4—— HTR
Guarded area
Lowerthreshold 1 |TR

ai16048

AWDXx flag and interrupt

An interrupt can be enabled for each of the 3 analog watchdogs by setting AWDXIE in the
ADCx_IER register (x=1,2,3).

AWDXx (x=1,2,3) flag is cleared by software by writing 1 to it.

The ADC conversion result is compared to the lower and higher thresholds before
alignment.

Description of analog watchdog 1

The AWD analog watchdog 1 is enabled by setting the AWD1EN bit in the ADCx_CFGR
register. This watchdog monitors whether either one selected channel or all enabled
channels(") remain within a configured voltage range (window).

Table 91 shows how the ADCx_CFGR registers should be configured to enable the analog
watchdog on one or more channels.

Table 91. Analog watchdog channel selection

Channels guarded by the analog | \\yp1SGLbit | AWDIENbit | JAWDIEN bit
watchdog
None X 0 0
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 the AWD1CH][4:0] bits. The channels must also be programmed to be converted in the
appropriate regular or injected sequence.

The AWD1 analog watchdog status bit is set if the analog voltage converted by the ADC is
below a lower threshold or above a higher threshold.

3
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These thresholds are programmed in bits HT1[11:0] and LT1[11:0] of the ADCx_TR1
register for the analog watchdog 1. When converting data with a resolution of less than 12
bits (according to bits RES[1:0]), the LSB of the programmed thresholds must be kept
cleared because the internal comparison is always performed on the full 12-bit raw
converted data (left aligned).

Table 92 describes how the comparison is performed for all the possible resolutions for
analog watchdog 1.

Table 92. Analog watchdog 1 comparison

Analog watchdog comparison

Resolution between:
(bit Comments
RES[1:0]) Raw converted
data, left aligned(") Thresholds

) . . LT1[11:0] and
00: 12-bit DATA[11:0] HT1[11:0] -

O . LT1[11:0] and | User must configure LT1[1:0] and HT1[1:0] to
01: 10-bit DATA[11:2],00 HT1[11:0] 00

Ca i . LT1[11:0] and | User must configure LT1[3:0] and HT1[3:0] to
10: 8-bit DATA[11:4],0000 HTA[11:0] 0000

AR . LT1[11:0] and | User must configure LT1[5:0] and HT1[5:0] to
11: 6-bit DATA[11:6],000000 HTA[11:0] 000000

1. The watchdog comparison is performed on the raw converted data before any alignment calculation and
before applying any offsets (the data which is compared is not signed).
Description of analog watchdog 2 and 3

The second and third analog watchdogs are more flexible and can guard several selected
channels by programming the corresponding bits in AWDxCH[18:1] (x=2,3).

The corresponding watchdog is enabled when any bit of AWDxCHJ[18:0] (x=2,3) is set.

They are limited to a resolution of 8 bits and only the 8 MSBs of the thresholds can be
programmed into HTx[7:0] and LTx[7:0]. Table 93 describes how the comparison is
performed for all the possible resolutions.

Table 93. Analog watchdog 2 and 3 comparison

Analog watchdog comparison between:

Resolution
(bits Raw converted data, Threshold Comments
RES[1:0]) left aligned'") resholds
o i . LTx[7:0] and DATA[3:0] are not relevant for the
00: 12-bit DATA[11:4] HTX[7:0] comparison
01: 10-bit DATA[11:4] LTx[7:0] and DATA[3:2] are not relevant for the
’ ' HTx[7:0] comparison
10: 8-bit DATA[11:4] hTT’;[;_OO]]a”d -
A . LTx[7:0] and User must configure LTx[1:0] and
11: 6-bit DATA[11:6],00 HTx[7:0] HTx[1:0] to 00
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1. The watchdog comparison is performed on the raw converted data before any alignment
calculation and before applying any offsets (the data which is compared is not signed).

ADCy_AWDXx_OUT signal output generation

Each analog watchdog is associated to an internal hardware signal ADCy_AWDx_OUT
(y=ADC number, x=watchdog number) which is directly connected to the ETR input
(external trigger) of some on-chip timers. Refer to the on-chip timers section to understand
how to select the ADCy_AWDx_OUT signal as ETR.

ADCy_AWDx_OUT is activated when the associated analog watchdog is enabled:

e ADCy AWDx_OUT is set when a guarded conversion is outside the programmed
thresholds.

e ADCy AWDx_OUT is reset after the end of the next guarded conversion which is
inside the programmed thresholds (It remains at 1 if the next guarded conversions are
still outside the programmed thresholds).

e ADCy AWDx_OUT is also reset when disabling the ADC (when setting ADDIS=1).
Note that stopping regular or injected conversions (setting ADSTP=1 or JADSTP=1)
has no influence on the generation of ADCy_AWDx_OUT.

Note: AWDx flag is set by hardware and reset by software: AWDx flag has no influence on the
generation of ADCy AWDx_OUT (ex: ADCy_AWDx_OUT can toggle while AWDx flag
remains at 1 if the software did not clear the flag).

Figure 91. ADCy_AWDx_OUT signal generation (on all regular channels)
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- Regular channels 1,2,3,4,5,6,7 are all guarded
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Figure 92. ADCy_AWDx_OUT signal generation (AWDXx flag not cleared by SW)
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Figure 93. ADCy_AWDx_OUT signal generation (on a single regular channel)
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Figure 94. ADCy_AWDXx_OUT signal generation (on all injected channels)
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Dual ADC modes (STM32F302xB/C/D/E only)

In devices with two ADCs or more, dual ADC modes can be used (see Figure 95):

e ADC1 and ADC2 can be used together in dual mode (ADC1 is master)

In dual ADC mode the start of conversion is triggered alternately or simultaneously by the
ADCx master to the ADC slave, depending on the mode selected by the bits DUAL[4:0] in
the ADCx_CCR register.

Four possible modes are implemented:

e Injected simultaneous mode

e  Regular simultaneous mode

e Interleaved mode

e Alternate trigger mode

It is also possible to use these modes combined in the following ways:
¢ Injected simultaneous mode + Regular simultaneous mode
e Regular simultaneous mode + Alternate trigger mode

In dual ADC mode (when bits DUAL[4:0] in ADCx_CCR register are not equal to zero), the
bits CONT, AUTDLY, DISCEN, DISCNUM][2:0], JDISCEN, JQM, JAUTO of the
ADCx_CFGR register are shared between the master and slave ADC: the bits in the slave
ADC are always equal to the corresponding bits of the master ADC.

To start a conversion in dual mode, the user must program the bits EXTEN, EXTSEL,
JEXTEN, JEXTSEL of the master ADC only, to configure a software or hardware trigger,
and a regular or injected trigger. (the bits EXTEN[1:0] and JEXTEN[1:0] of the slave ADC
are don'’t care).

In regular simultaneous or interleaved modes: once the user sets bit ADSTART or bit
ADSTP of the master ADC, the corresponding bit of the slave ADC is also automatically
set. However, bit ADSTART or bit ADSTP of the slave ADC is not necessary cleared at the
same time as the master ADC bit.

In injected simultaneous or alternate trigger modes: once the user sets bit JADSTART or bit
JADSTP of the master ADC, the corresponding bit of the slave ADC is also automatically
set. However, bit JADSTART or bit JADSTP of the slave ADC is not necessary cleared at
the same time as the master ADC bit.

In dual ADC mode, the converted data of the master and slave ADC can be read in parallel,
by reading the ADC common data register (ADCx_CDR). The status bits can be also read in
parallel by reading the dual-mode status register (ADCx_CSR).
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Figure 95. Dual ADC block diagram(!)
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External triggers also exist on slave ADC but are not shown for the purposes of this diagram.
The ADC common data register (ADCx_CDR) contains both the master and slave ADC regular converted data.
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Injected simultaneous mode
This mode is selected by programming bits DUAL[4:0]=00101

This mode converts an injected group of channels. The external trigger source comes from
the injected group multiplexer of the master ADC (selected by the JEXTSEL[3:0] bits in the
ADCx_JSQR register).

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

In simultaneous mode, one must convert sequences with the same length or ensure that the
interval between triggers is longer than the longer of the 2 sequences. Otherwise, the ADC
with the shortest sequence may restart while the ADC with the longest sequence is
completing the previous conversions.

Regular conversions can be performed on one or all ADCs. In that case, they are
independent of each other and are interrupted when an injected event occurs. They are
resumed at the end of the injected conversion group.

¢ Atthe end of injected sequence of conversion event (JEOS) on the master ADC, the
converted data is stored into the master ADCx_JDRYy registers and a JEOS interrupt is
generated (if enabled)

e At the end of injected sequence of conversion event (JEOS) on the slave ADC, the
converted data is stored into the slave ADCx_JDRYy registers and a JEOS interrupt is
generated (if enabled)

e If the duration of the master injected sequence is equal to the duration of the slave
injected one (like in Figure 96), it is possible for the software to enable only one of the
two JEOS interrupt (ex: master JEOS) and read both converted data (from master
ADCx_JDRYy and slave ADCx_JDRYy registers).

Figure 96. Injected simultaneous mode on 4 channels: dual ADC mode

masTERADC [ [cH1[ [cHe] [cH3[ [cH4]
SLAVEADC | [cH15[ [cH14 [cH13[ [cH12|

Trigger
|:| Sampling

|:| Conversion

End of injected sequence on
MASTER and SLAVE ADC

MS31900V1

If JDISCEN=1, each simultaneous conversion of the injected sequence requires an injected
trigger event to occur.

This mode can be combined with AUTDLY mode:

¢ Once a simultaneous injected sequence of conversions has ended, a new injected
trigger event is accepted only if both JEOS bits of the master and the slave ADC have
been cleared (delay phase). Any new injected trigger events occurring during the
ongoing injected sequence and the associated delay phase are ignored.

e Once aregular sequence of conversions of the master ADC has ended, a new regular
trigger event of the master ADC is accepted only if the master data register (ADCx_DR)
has been read. Any new regular trigger events occurring for the master ADC during the
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ongoing regular sequence and the associated delay phases are ignored.
There is the same behavior for regular sequences occurring on the slave ADC.

Regular simultaneous mode with independent injected
This mode is selected by programming bits DUAL[4:0] = 00110.

This mode is performed on a regular group of channels. The external trigger source comes
from the regular group multiplexer of the master ADC (selected by the EXTSEL[3:0] bits in
the ADCx_CFGR register). A simultaneous trigger is provided to the slave ADC.

In this mode, independent injected conversions are supported. An injection request (either
on master or on the slave) will abort the current simultaneous conversions, which are re-
started once the injected conversion is completed.

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

In regular simultaneous mode, one must convert sequences with the same length or ensure
that the interval between triggers is longer than the longer conversion time of the 2
sequences. Otherwise, the ADC with the shortest sequence may restart while the ADC with
the longest sequence is completing the previous conversions.

Software is notified by interrupts when it can read the data:

e Atthe end of each conversion event (EOC) on the master ADC, a master EOC interrupt
is generated (if EOCIE is enabled) and software can read the ADCx_DR of the master
ADC.

e Atthe end of each conversion event (EOC) on the slave ADC, a slave EOC interrupt is
generated (if EOCIE is enabled) and software can read the ADCx_DR of the slave
ADC.

e If the duration of the master regular sequence is equal to the duration of the slave one
(like in Figure 97), it is possible for the software to enable only one of the two EOC
interrupt (ex: master EOC) and read both converted data from the Common Data
register (ADCx_CDR).

It is also possible to read the regular data using the DMA. Two methods are possible:

¢ Using two DMA channels (one for the master and one for the slave). In this case bits
MDMA[1:0] must be kept cleared.

—  Configure the DMA master ADC channel to read ADCx_DR from the master. DMA
requests are generated at each EOC event of the master ADC.

—  Configure the DMA slave ADC channel to read ADCx_DR from the slave. DMA
requests are generated at each EOC event of the slave ADC.

e Using MDMA mode, which leaves one DMA channel free for other uses:

—  Configure MDMA[1:0]=0b10 or 0b11 (depending on resolution).
— Asingle DMA channel is used (the one of the master). Configure the DMA master
ADC channel to read the common ADC register (ADCx_CDR)

— Asingle DMA request is generated each time both master and slave EOC events
have occurred. At that time, the slave ADC converted data is available in the
upper half-word of the ADCx_CDR 32-bit register and the master ADC converted
data is available in the lower half-word of ADCx_CCR register.

—  both EOC flags are cleared when the DMA reads the ADCx_CCR register.
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Note: In MDMA mode (MDMA[1:0]=0b10 or 0b11), the user must program the same number of
conversions in the master’s sequence as in the slave’s sequence. Otherwise, the remaining
conversions will not generate a DMA request.

Figure 97. Regular simultaneous mode on 16 channels: dual ADC mode

MASTER ADC CHA1 CH2 CH3 CH4 | .. CH16|
SLAVE ADC CH16| _|CH14] [CcH13| [CcH12| - CHA1
Trigger End of regular sequence on
] sampling MASTER and SLAVE ADC

|:| Conversion

ai16054b

If DISCEN=1 then each “n” simultaneous conversions of the regular sequence require a
regular trigger event to occur (“n” is defined by DISCNUM).

This mode can be combined with AUTDLY mode:

e Once a simultaneous conversion of the sequence has ended, the next conversion in
the sequence is started only if the common data register, ADCx_CDR (or the regular
data register of the master ADC) has been read (delay phase).

e Once a simultaneous regular sequence of conversions has ended, a new regular
trigger event is accepted only if the common data register (ADCx_CDR) has been read
(delay phase). Any new regular trigger events occurring during the ongoing regular
sequence and the associated delay phases are ignored.

It is possible to use the DMA to handle data in regular simultaneous mode combined with
AUTDLY mode, assuming that multi-DMA mode is used: bits MDMA must be set to 0b10 or
Ob11.

When regular simultaneous mode is combined with AUTDLY mode, it is mandatory for the
user to ensure that:

e The number of conversions in the master’s sequence is equal to the number of
conversions in the slave’s.

e For each simultaneous conversions of the sequence, the length of the conversion of
the slave ADC is inferior to the length of the conversion of the master ADC. Note that
the length of the sequence depends on the number of channels to convert and the
sampling time and the resolution of each channels.

Note: This combination of reqular simultaneous mode and AUTDLY mode is restricted to the use
case when only regular channels are programmed: it is forbidden to program injected
channels in this combined mode.

Interleaved mode with independent injected

This mode is selected by programming bits DUAL[4:0] = 00111.

This mode can be started only on a regular group (usually one channel). The external
trigger source comes from the regular channel multiplexer of the master ADC.

After an external trigger occurs:

e  The master ADC starts immediately.

e The slave ADC starts after a delay of several-ADC clock cycles after the sampling
phase of the master ADC has complete.

3
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The minimum delay which separates 2 conversions in interleaved mode is configured in the

DELAY bits in the ADCx_CCR register. This delay starts to count after the end of the

sampling phase of the master conversion. This way, an ADC cannot start a conversion if the

complementary ADC is still sampling its input (only one ADC can sample the input signal at

a given time).

e  The minimum possible DELAY is 1 to ensure that there is at least one cycle time
between the opening of the analog switch of the master ADC sampling phase and the
closing of the analog switch of the slave ADC sampling phase.

e  The maximum DELAY is equal to the number of cycles corresponding to the selected
resolution. However the user must properly calculate this delay to ensure that an ADC
does not start a conversion while the other ADC is still sampling its input.

If the CONT bit is set on both master and slave ADCs, the selected regular channels of both
ADCs are continuously converted.

Software is notified by interrupts when it can read the data:

e Atthe end of each conversion event (EOC) on the master ADC, a master EOC interrupt
is generated (if EOCIE is enabled) and software can read the ADCx_DR of the master
ADC.

e Atthe end of each conversion event (EOC) on the slave ADC, a slave EOC interrupt is
generated (if EOCIE is enabled) and software can read the ADCx_DR of the slave
ADC.

It is possible to enable only the EOC interrupt of the slave and read the common data
register (ADCx_CDR). But in this case, the user must ensure that the duration of the
conversions are compatible to ensure that inside the sequence, a master conversion is
always followed by a slave conversion before a new master conversion restarts.

It is also possible to read the regular data using the DMA. Two methods are possible:
e Using the two DMA channels (one for the master and one for the slave). In this case
bits MDMA[1:0] must be kept cleared.
—  Configure the DMA master ADC channel to read ADCx_DR from the master. DMA
requests are generated at each EOC event of the master ADC.
—  Configure the DMA slave ADC channel to read ADCx_DR from the slave. DMA
requests are generated at each EOC event of the slave ADC.
e Using MDMA mode, which allows to save one DMA channel:
—  Configure MDMA[1:0]=0b10 or Ob11 (depending on resolution).
— Asingle DMA channel is used (the one of the master). Configure the DMA master
ADC channel to read the common ADC register (ADCx_CDR).

— Asingle DMA request is generated each time both master and slave EOC events
have occurred. At that time, the slave ADC converted data is available in the
upper half-word of the ADCx_CDR 32-bit register and the master ADC converted
data is available in the lower half-word of ADCx_CCR register.

— Both EOC flags are cleared when the DMA reads the ADCx_CCR register.
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Figure 98. Interleaved mode on 1 channel in continuous conversion mode: dual ADC
mode
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Figure 99. Interleaved mode on 1 channel in single conversion mode: dual ADC mode
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If DISCEN=1, each “n” simultaneous conversions (“n” is defined by DISCNUM) of the
regular sequence require a regular trigger event to occur.

MS31031V1

In this mode, injected conversions are supported. When injection is done (either on master
or on slave), both the master and the slave regular conversions are aborted and the
sequence is re-started from the master (see Figure 100 below).
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Figure 100. Interleaved conversion with injection
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Alternate trigger mode
This mode is selected by programming bits DUAL[4:0] = 01001.

This mode can be started only on an injected group. The source of external trigger comes
from the injected group multiplexer of the master ADC.

This mode is only possible when selecting hardware triggers: JEXTEN must not be 0x0.

Injected discontinuous mode disabled (JDISCEN=0 for both ADC)

1. When the 1st trigger occurs, all injected master ADC channels in the group are
converted.

2. When the 2nd trigger occurs, all injected slave ADC channels in the group are
converted.

3. Andsoon.

A JEOS interrupt, if enabled, is generated after all injected channels of the master ADC in
the group have been converted.

A JEOS interrupt, if enabled, is generated after all injected channels of the slave ADC in the
group have been converted.

JEOC interrupts, if enabled, can also be generated after each injected conversion.

If another external trigger occurs after all injected channels in the group have been
converted then the alternate trigger process restarts by converting the injected channels of
the master ADC in the group.
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Figure 101. Alternate trigger: injected group of each ADC

JEOC on JEOC on JEOC,JEOS on
1st trigger master ADC ~ master ADC master ADC
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4th trigger
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Ol Sampling slave ADC  slave ADC on slave ADC
[] Conversion
ai16059-m
Note: Regular conversions can be enabled on one or all ADCs. In this case the regular

conversions are independent of each other. A regular conversion is interrupted when the
ADC has to perform an injected conversion. It is resumed when the injected conversion is
finished.

The time interval between 2 trigger events must be greater than or equal to 1 ADC clock
period. The minimum time interval between 2 trigger events that start conversions on the
same ADC is the same as in the single ADC mode.

Injected discontinuous mode enabled (JDISCEN=1 for both ADC)

If the injected discontinuous mode is enabled for both master and slave ADCs:

e  When the 1st trigger occurs, the first injected channel of the master ADC is converted.
e  When the 2nd trigger occurs, the first injected channel of the slave ADC is converted.
e Andsoon.

A JEOS interrupt, if enabled, is generated after all injected channels of the master ADC in
the group have been converted.

A JEOS interrupt, if enabled, is generated after all injected channels of the slave ADC in the
group have been converted.

JEOC interrupts, if enabled, can also be generated after each injected conversions.

If another external trigger occurs after all injected channels in the group have been
converted then the alternate trigger process restarts.
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Figure 102. Alternate trigger: 4 injected channels (each ADC) in discontinuous mode
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Note:

Note:
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Combined regular/injected simultaneous mode
This mode is selected by programming bits DUAL[4:0] = 00001.

It is possible to interrupt the simultaneous conversion of a regular group to start the
simultaneous conversion of an injected group.

In combined regular/injected simultaneous mode, one must convert sequences with the
same length or ensure that the interval between triggers is longer than the long conversion
time of the 2 sequences. Otherwise, the ADC with the shortest sequence may restart while
the ADC with the longest sequence is completing the previous conversions.

Combined regular simultaneous + alternate trigger mode
This mode is selected by programming bits DUAL[4:0]=00010.

It is possible to interrupt the simultaneous conversion of a regular group to start the alternate
trigger conversion of an injected group. Figure 103 shows the behavior of an alternate
trigger interrupting a simultaneous regular conversion.

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

In combined regular simultaneous + alternate trigger mode, one must convert sequences
with the same length or ensure that the interval between triggers is longer than the long
conversion time of the 2 sequences. Otherwise, the ADC with the shortest sequence may
restart while the ADC with the longest sequence is completing the previous conversions.
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Figure 103. Alternate + regular simultaneous
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If a trigger occurs during an injected conversion that has interrupted a regular conversion,
the alternate trigger is served. Figure 104 shows the behavior in this case (note that the 6th
trigger is ignored because the associated alternate conversion is not complete).

Figure 104. Case of trigger occurring during injected conversion
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DMA requests in dual ADC mode

In all dual ADC modes, it is possible to use two DMA channels (one for the master, one for
the slave) to transfer the data, like in single mode (refer to Figure 105: DMA Requests in
regular simultaneous mode when MDMA=0b00).

Figure 105. DMA Requests in regular simultaneous mode when MDMA=0b00
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|

DMA request from ADC Master
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MSv31032Vv2

In simultaneous regular and interleaved modes, it is also possible to save one DMA channel
and transfer both data using a single DMA channel. For this MDMA bits must be configured
in the ADCx_CCR register:

352/1086

MDMA=0b10: A single DMA request is generated each time both master and slave
EOC events have occurred. At that time, two data items are available and the 32-bit
register ADCx_CDR contains the two half-words representing two ADC-converted data
items. The slave ADC data take the upper half-word and the master ADC data take the
lower half-word.

This mode is used in interleaved mode and in regular simultaneous mode when
resolution is 10-bit or 12-bit.

Interleaved dual mode: a DMA request is generated each time 2 data items are
available:

1st DMA request: ADCx_CDR[31:0] = SLV_ADCx_DR[15:0] |
MST_ADCx_DR[15:0]

2nd DMA request: ADCx_CDR[31:0] = SLV_ADCx_DR[15:0] |
MST_ADCx_DR[15:0]
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Figure 106. DMA requests in regular simultaneous mode when MDMA=0b10
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Figure 107. DMA requests in interleaved mode when MDMA=0b10
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When using MDMA mode, the user must take care to configure properly the duration of the
master and slave conversions so that a DMA request is generated and served for reading
both data (master + slave) before a new conversion is available.

¢ MDMA=0b11: This mode is similar to the MDMA=0b10. The only differences are that
on each DMA request (two data items are available), two bytes representing two ADC
converted data items are transferred as a half-word.

This mode is used in interleaved and regular simultaneous mode when resolution is 6-
bit or when resolution is 8-bit and data is not signed (offsets must be disabled for all the
involved channels).
Example:
Interleaved dual mode: a DMA request is generated each time 2 data items are
available:
1st DMA request: ADCx_CDR[15:0] = SLV_ADCx_DR[7:0] | MST_ADCx_DR][7:0]
2nd DMA request: ADCx_CDR[15:0] = SLV_ADCx_DRJ[7:0] | MST_ADCx_DR([7:0]

Overrun detection

In dual ADC mode (when DUAL[4:0] is not equal to bO0000), if an overrun is detected on
one of the ADCs, the DMA requests are no longer issued to ensure that all the data
transferred to the RAM are valid (this behavior occurs whatever the MDMA configuration). It
may happen that the EOC bit corresponding to one ADC remains set because the data
register of this ADC contains valid data.

DMA one shot mode/ DMA circular mode when MDMA mode is selected

When MDMA mode is selected (0b10 or 0b11), bit DMACFG of the ADCx_CCR register
must also be configured to select between DMA one shot mode and circular mode, as
explained in section Section : Managing conversions using the DMA (bits DMACFG of
master and slave ADCx_CFGR are not relevant).

Stopping the conversions in dual ADC modes

The user must set the control bits ADSTP/JADSTP of the master ADC to stop the
conversions of both ADC in dual ADC mode. The other ADSTP control bit of the slave ADC
has no effect in dual ADC mode.

Once both ADC are effectively stopped, the bits ADSTART/JADSTART of the master and
slave ADCs are both cleared by hardware.

Temperature sensor

The temperature sensor can be used to measure the junction temperature (TJ) of the
device. The temperature sensor is internally connected to the input channels which are
used to convert the sensor output voltage to a digital value. When not in use, the sensor can
be put in power down mode.

Figure 108 shows the block diagram of connections between the temperature sensor and
the ADC.

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 uncalibrated internal temperature sensor is more suited for applications that detect
temperature variations instead of absolute temperatures. To improve the accuracy of the
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temperature sensor measurement, calibration values are stored in system memory for each
device by ST during production.

During the manufacturing process, the calibration data of the temperature sensor and the
internal voltage reference are stored in the system memory area. The user application can
then read them and use them to improve the accuracy of the temperature sensor or the
internal reference. Refer to the STM32F302xx datasheet for additional information.
Main features
e  Supported temperature range: —40 to 125 °C
e Precision: £2 °C
The temperature sensor is internally connected to the ADC1_IN16 input channel which is
used to convert the sensor’s output voltage to a digital value. Refer to the electrical
characteristics section of STM32F302xx datasheet for the sampling time value to be applied
when converting the internal temperature sensor.
When not in use, the sensor can be put in power-down mode.
Figure 108 shows the block diagram of the temperature sensor.
Figure 108. Temperature sensor channel block diagram
TSEN control bit
converted 2
data o
8
ADCx NE:
(2]
o
Temperature Vrs §
sensor | ADC input
MSv31172V2
Note: The TSEN bit must be set to enable the conversion of the temperature sensor voltage Vrs.

3

Reading the temperature

To use the sensor:
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Note:

15.3.31
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Select the ADC1_IN16 input channel (with the appropriate sampling time).

2. Program with the appropriate sampling time (refer to electrical characteristics section of
the STM32F302xx datasheet).

3. Setthe TSEN bit in the ADC1_CCR register to wake up the temperature sensor from
power-down mode.

4. Start the ADC conversion.
5. Read the resulting Vg data in the ADC data register.
6. Calculate the actual temperature using the following formula:
Temperature (in °C) = {(Vo5 — V1g) / Avg_Slope} + 25
Where:
- Vy5=Vyg value for 25° C
— Avg_Slope = average slope of the temperature vs. Vg curve (given in mV/°C or
pV/°C)
Refer to the datasheet electrical characteristics section for the actual values of V,5 and
Avg_Slope.

The sensor has a startup time after waking from power-down mode before it can output Vg
at the correct level. The ADC also has a startup time after power-on, so to minimize the
delay, the ADEN and TSEN bits should be set at the same time.

Vgar supply monitoring

The VBATEN bit in the ADC12_CCR register is used to switch to the battery voltage. As the
Vgar Voltage could be higher than Vppa, to ensure the correct operation of the ADC, the
Vgar Pin is internally connected to a bridge divider by 2. This bridge is automatically enabled
when VBATEN is set, to connect Vga1/2 to the ADC1_IN17 input channel. As a
consequence, the converted digital value is half the Vgar voltage. To prevent any unwanted
consumption on the battery, it is recommended to enable the bridge divider only when
needed, for ADC conversion.

Refer to the electrical characteristics of the STM32F302xx datasheet for the sampling time
value to be applied when converting the Vga7/2 voltage.

Figure 109 shows the block diagram of the Vga1 sensing feature.

3
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Note:
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Figure 109. Vgar channel block diagram

VBAT
<4—— VBATEN control bit
o
[] ADCx :: >

Vear/2

Address/data bus

ADC input

MSv31035V2

The VBATEN bit must be set to enable the conversion of internal channel ADC1_IN17
(VBaTeEN)-

Monitoring the internal voltage reference

It is possible to monitor the internal voltage reference (VregnT) to have a reference point for
evaluating the ADC Vggg+ voltage level.

The internal voltage reference is internally connected to the input channel 18 of the two
ADCs (ADCx_IN18).

Refer to the electrical characteristics section of the STM32F302xx datasheet for the
sampling time value to be applied when converting the internal voltage reference voltage.

Figure 109 shows the block diagram of the VrggnT S€NSIng feature.

Figure 110. Vgernt channel block diagram

ADC12_VREFEN
control bit

i ADC1

ADC2

Internal Veerir ADC1_IN18
power block =

ADC2_IN18

\ 4

MSv31036V2

The VREFEN bit into ADC12_CCR register must be set to enable the conversion of internal
channels ADC1_IN18 or ADC2_IN18 (VrerinT)-
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Calculating the actual Vppp voltage using the internal reference voltage

The Vppa power supply voltage applied to the microcontroller may be subject to variation or
not precisely known. The embedded internal voltage reference (VggrnT) @nd its calibration
data acquired by the ADC during the manufacturing process at Vppp = 3.3 V can be used to
evaluate the actual Vppp voltage level.

The following formula gives the actual Vppa voltage supplying the device:
Vppa = 3.3V x VREFINT_CAL / VREFINT_DATA

Where:
e VREFINT_CAL is the VREFINT calibration value
e VREFINT_DATA is the actual VREFINT output value converted by ADC

Converting a supply-relative ADC measurement to an absolute voltage value

The ADC is designed to deliver a digital value corresponding to the ratio between the analog
power supply and the voltage applied on the converted channel. For most application use
cases, it is necessary to convert this ratio into a voltage independent of Vppa. For
applications where Vpppa is known and ADC converted values are right-aligned user can use
the following formula to get this absolute value:

VDDA

VCHANNELX = FULL SCALE * ADCx_DATA

For applications where Vppa value is not known, user must use the internal voltage
reference and Vppa can be replaced by the expression provided in the section Calculating
the actual Vppy voltage using the internal reference voltage, resulting in the following
formula:

Vv _ 3.3V x VREFINT_CAL x ADCx_DATA
CHANNELX VREFINT_DATA x FULL_SCALE

Where:

e VREFINT_CAL is the VREFINT calibration value

e ADCx_DATA s the value measured by the ADC on channel x (right-aligned)

e VREFINT_DATA is the actual VREFINT output value converted by the ADC

e FULL_SCALE is the maximum digital value of the ADC output. For example with 12-bit
resolution, it will be 212 - 1 = 4095 or with 8-bit resolution, 28 - 1 = 255.

If ADC measurements are done using an output format other than 12 bit right-aligned, all the
parameters must first be converted to a compatible format before the calculation is done.

3
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ADC interrupts

For each ADC, an interrupt can be generated:

e  After ADC power-up, when the ADC is ready (flag ADRDY)

¢  On the end of any conversion for regular groups (flag EOC)

¢ On the end of a sequence of conversion for regular groups (flag EOS)

¢  On the end of any conversion for injected groups (flag JEOC)

e On the end of a sequence of conversion for injected groups (flag JEOS)

¢  When an analog watchdog detection occurs (flag AWD1, AWD2 and AWD3)
e  When the end of sampling phase occurs (flag EOSMP)

¢  When the data overrun occurs (flag OVR)

e  When the injected sequence context queue overflows (flag JQOVF)

Separate interrupt enable bits are available for flexibility.

Table 94. ADC interrupts per each ADC

Interrupt event Event flag Enable control bit
ADC ready ADRDY ADRDYIE
End of conversion of a regular group EOC EOCIE
End of sequence of conversions of a regular group EOS EOSIE
End of conversion of a injected group JEOC JEOCIE
End of sequence of conversions of an injected group JEOS JEOSIE
Analog watchdog 1 status bit is set AWD1 AWD1IE
Analog watchdog 2 status bit is set AWD2 AWD2IE
Analog watchdog 3 status bit is set AWD3 AWD3IE
End of sampling phase EOSMP EOSMPIE
Overrun OVR OVRIE
Injected context queue overflows JQOVF JQOVFIE
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15.5 ADC registers (for each ADC)
Refer to Section 2.2 on page 45 for a list of abbreviations used in register descriptions.
15.5.1 ADC interrupt and status register (ADCx_ISR, x=1..2)
Address offset: 0x00
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
JQOVF | AWD3 | AWD2 | AWD1 | JEOS | JEOC | OVR | EOS | EOC |EOSMP|ADRDY
rcwl | rcwl | rcw!l [ rcwl | rcw!l | rcw!l | recwl | recwl | rec_wl | rc_wl | rc_w1
Bits 31:11 Reserved, must be kept at reset value.
Bit 10 JQOVF: Injected context queue overflow
This bit is set by hardware when an Overflow of the Injected Queue of Context occurs. It is cleared by
software writing 1 to it. Refer to Section 15.3.21: Queue of context for injected conversions for more
information.
0: No injected context queue overflow occurred (or the flag event was already acknowledged and
cleared by software)
1: Injected context queue overflow has occurred
Bit 9 AWD3: Analog watchdog 3 flag
This bit is set by hardware when the converted voltage crosses the values programmed in the fields
LT3[7:0] and HT3[7:0] of ADCx_TR3 register. It is cleared by software writing 1 to it.
0: No analog watchdog 3 event occurred (or the flag event was already acknowledged and cleared
by software)
1: Analog watchdog 3 event occurred
Bit 8 AWD2: Analog watchdog 2 flag
This bit is set by hardware when the converted voltage crosses the values programmed in the fields
LT2[7:0] and HT2[7:0] of ADCx_TR2 register. It is cleared by software writing 1 to it.
0: No analog watchdog 2 event occurred (or the flag event was already acknowledged and cleared
by software)
1: Analog watchdog 2 event occurred
Bit 7 AWD1: Analog watchdog 1 flag
This bit is set by hardware when the converted voltage crosses the values programmed in the fields
LT1[11:0] and HT1[11:0] of ADCx_TR1 register. It is cleared by software. writing 1 to it.
0: No analog watchdog 1 event occurred (or the flag event was already acknowledged and cleared
by software)
1: Analog watchdog 1 event occurred
Bit 6 JEOS: Injected channel end of sequence flag
This bit is set by hardware at the end of the conversions of all injected channels in the group. It is
cleared by software writing 1 to it.
0: Injected conversion sequence not complete (or the flag event was already acknowledged and
cleared by software)
1: Injected conversions complete
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JEOC: Injected channel end of conversion flag

This bit is set by hardware at the end of each injected conversion of a channel when a new data is
available in the corresponding ADCx_JDRYy register. It is cleared by software writing 1 to it or by
reading the corresponding ADCx_JDRYy register

0: Injected channel conversion not complete (or the flag event was already acknowledged and
cleared by software)
1: Injected channel conversion complete

OVR: ADC overrun

This bit is set by hardware when an overrun occurs on a regular channel, meaning that a new
conversion has completed while the EOC flag was already set. It is cleared by software writing 1 to it.

0: No overrun occurred (or the flag event was already acknowledged and cleared by software)
1: Overrun has occurred

EOS: End of regular sequence flag

This bit is set by hardware at the end of the conversions of a regular sequence of channels. It is
cleared by software writing 1 to it.

0: Regular Conversions sequence not complete (or the flag event was already acknowledged and
cleared by software)
1: Regular Conversions sequence complete

EOC: End of conversion flag

This bit is set by hardware at the end of each regular conversion of a channel when a new data is
available in the ADCx_DR register. It is cleared by software writing 1 to it or by reading the ADCx_DR
register

0: Regular channel conversion not complete (or the flag event was already acknowledged and

cleared by software)

1: Regular channel conversion complete

EOSMP: End of sampling flag

This bit is set by hardware during the conversion of any channel (only for regular channels), at the end
of the sampling phase.

0: not at the end of the sampling phase (or the flag event was already acknowledged and cleared by
software)
1: End of sampling phase reached

ADRDY: ADC ready

This bit is set by hardware after the ADC has been enabled (bit ADEN=1) and when the ADC reaches
a state where it is ready to accept conversion requests.

It is cleared by software writing 1 to it.

0: ADC not yet ready to start conversion (or the flag event was already acknowledged and cleared
by software)
1: ADC is ready to start conversion
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15.5.2 ADC interrupt enable register (ADCx_IER, x=1..2)

Address offset: 0x04
Reset value: 0x0000 0000

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

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
JQ AWD3 | AWD2 | AWD1 EOSMP | ADRDY

OVFIE IE IE IE JEOSIE | JEOCIE | OVRIE | EOSIE | EOCIE IE IE

Bits 31:11 Reserved, must be kept at reset value.

Bit 10 JQOVFIE: Injected context queue overflow interrupt enable
This bit is set and cleared by software to enable/disable the Injected Context Queue Overflow interrupt.
0: Injected Context Queue Overflow interrupt disabled

1: Injected Context Queue Overflow interrupt enabled. An interrupt is generated when the JQOVF bit
is set.

Note: Software is allowed to write this bit only when JADSTART=0 (which ensures that no injected
conversion is ongoing).

Bit 9 AWD3IE: Analog watchdog 3 interrupt enable
This bit is set and cleared by software to enable/disable the analog watchdog 2 interrupt.
0: Analog watchdog 3 interrupt disabled
1: Analog watchdog 3 interrupt enabled

Note: Software is allowed to write this bit only when ADSTART=0 and JADSTART=0 (which ensures
that no conversion is ongoing).

Bit 8 AWD2IE: Analog watchdog 2 interrupt enable
This bit is set and cleared by software to enable/disable the analog watchdog 2 interrupt.
0: Analog watchdog 2 interrupt disabled
1: Analog watchdog 2 interrupt enabled

Note: Software is allowed to write this bit only when ADSTART=0 and JADSTART=0 (which ensures
that no conversion is ongoing).

Bit 7 AWD1IE: Analog watchdog 1 interrupt enable
This bit is set and cleared by software to enable/disable the analog watchdog 1 interrupt.
0: Analog watchdog 1 interrupt disabled
1: Analog watchdog 1 interrupt enabled
Note: Software is allowed to write this bit only when ADSTART=0 and JADSTART=0 (which ensures
that no conversion is ongoing).
Bit 6 JEOSIE: End of injected sequence of conversions interrupt enable

This bit is set and cleared by software to enable/disable the end of injected sequence of conversions
interrupt.

0: JEOS interrupt disabled
1: JEOS interrupt enabled. An interrupt is generated when the JEOS bit is set.

Note: Software is allowed to write this bit only when JADSTART=0 (which ensures that no injected
conversion is ongoing).
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JEOCIE: End of injected conversion interrupt enable

This bit is set and cleared by software to enable/disable the end of an injected conversion interrupt.
0: JEOC interrupt disabled.
1: JEOC interrupt enabled. An interrupt is generated when the JEOC bit is set.

Note: Software is allowed to write this bit only when JADSTART=0 (which ensures that no regular
conversion is ongoing).

OVRIE: Overrun interrupt enable

This bit is set and cleared by software to enable/disable the Overrun interrupt of a regular conversion.
0: Overrun interrupt disabled
1: Overrun interrupt enabled. An interrupt is generated when the OVR bit is set.

Note: Software is allowed to write this bit only when ADSTART=0 (which ensures that no regular
conversion is ongoing).

EOSIE: End of regular sequence of conversions interrupt enable

This bit is set and cleared by software to enable/disable the end of regular sequence of conversions
interrupt.

0: EOS interrupt disabled
1: EOS interrupt enabled. An interrupt is generated when the EOS bit is set.

Note: Software is allowed to write this bit only when ADSTART=0 (which ensures that no regular
conversion is ongoing).

EOCIE: End of regular conversion interrupt enable

This bit is set and cleared by software to enable/disable the end of a regular conversion interrupt.
0: EOC interrupt disabled.
1: EOC interrupt enabled. An interrupt is generated when the EOC bit is set.

Note: Software is allowed to write this bit only when ADSTART=0 (which ensures that no regular
conversion is ongoing).

EOSMPIE: End of sampling flag interrupt enable for regular conversions

This bit is set and cleared by software to enable/disable the end of the sampling phase interrupt for
regular conversions.

0: EOSMP interrupt disabled.
1: EOSMP interrupt enabled. An interrupt is generated when the EOSMP bit is set.

Note: Software is allowed to write this bit only when ADSTART=0 (which ensures that no regular
conversion is ongoing).

ADRDYIE: ADC ready interrupt enable

This bit is set and cleared by software to enable/disable the ADC Ready interrupt.
0: ADRDY interrupt disabled
1: ADRDY interrupt enabled. An interrupt is generated when the ADRDY bit is set.

Note: Software is allowed to write this bit only when ADSTART=0 and JADSTART=0 (which ensures
that no conversion is ongoing).
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15.5.3 ADC control register (ADCx_CR, x=1..2)

Address offset: 0x08
Reset value: 0x2000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
AD | ADCA .
oAL | LDIF | ADVREGEN[1:0]

rs | w | w | w

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

JAD AD JAD AD AD AD
STP STP | START | START | DIS EN

rs rs rs | rs | rs rs

Bit 31 ADCAL: ADC calibration

This bit is set by software to start the calibration of the ADC. Program first the bit ADCALDIF to
determine if this calibration applies for single-ended or differential inputs mode.

It is cleared by hardware after calibration is complete.
0: Calibration complete
1: Write 1 to calibrate the ADC. Read at 1 means that a calibration in progress.
Note: Software is allowed to launch a calibration by setting ADCAL only when ADEN=0.

Note: Software is allowed to update the calibration factor by writing ADCx_CALFACT only when
ADEN=1 and ADSTART=0 and JADSTART=0 (ADC enabled and no conversion is ongoing)

Bit 30 ADCALDIF: Differential mode for calibration

This bit is set and cleared by software to configure the single-ended or differential inputs mode for the
calibration.

0: Writing ADCAL will launch a calibration in Single-ended inputs Mode.
1: Writing ADCAL will launch a calibration in Differential inputs Mode.

Note: Software is allowed to write this bit only when the ADC is disabled and is not calibrating
(ADCAL=0, JADSTART=0, JADSTP=0, ADSTART=0, ADSTP=0, ADDIS=0 and ADEN=0).

Bits 29:28 ADVREGEN][1:0]: ADC voltage regulator enable
These bits are set by software to enable the ADC voltage regulator.
Before performing any operation such as launching a calibration or enabling the ADC, the ADC voltage
regulator must first be enabled and the software must wait for the regulator start-up time.
00: Intermediate state required when moving the ADC voltage regulator from the enabled to the
disabled state or from the disabled to the enabled state.
01: ADC Voltage regulator enabled.
10: ADC Voltage regulator disabled (Reset state)
11: reserved
For more details about the ADC voltage regulator enable and disable sequences, refer to
Section 15.3.6: ADC voltage regulator (ADVREGEN).
Note: The software can program this bit field only when the ADC is disabled (ADCAL=0,
JADSTART=0, ADSTART=0, ADSTP=0, ADDIS=0 and ADEN=0).

Bits 27:6 Reserved, must be kept at reset value.

3
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JADSTP: ADC stop of injected conversion command
This bit is set by software to stop and discard an ongoing injected conversion (JADSTP Command).
It is cleared by hardware when the conversion is effectively discarded and the ADC injected sequence
and triggers can be re-configured. The ADC is then ready to accept a new start of injected conversions
(JADSTART command).
0: No ADC stop injected conversion command ongoing
1: Write 1 to stop injected conversions ongoing. Read 1 means that an ADSTP command is in
progress.
Note: Software is allowed to set JADSTP only when JADSTART=1 and ADDIS=0 (ADC is enabled
and eventually converting an injected conversion and there is no pending request to disable the
ADC)
Note: In auto-injection mode (JAUTO=1), setting ADSTP bit aborts both regular and injected
conversions (do not use JADSTP)

ADSTP: ADC stop of regular conversion command
This bit is set by software to stop and discard an ongoing regular conversion (ADSTP Command).
It is cleared by hardware when the conversion is effectively discarded and the ADC regular sequence
and triggers can be re-configured. The ADC is then ready to accept a new start of regular conversions
(ADSTART command).
0: No ADC stop regular conversion command ongoing
1: Write 1 to stop regular conversions ongoing. Read 1 means that an ADSTP command is in
progress.
Note: Software is allowed to set ADSTP only when ADSTART=1 and ADDIS=0 (ADC is enabled and
eventually converting a regular conversion and there is no pending request to disable the ADC)
Note: In auto-injection mode (JAUTO=1), setting ADSTP bit aborts both regular and injected
conversions (do not use JADSTP)
Note: In dual ADC regular simultaneous mode and interleaved mode, the bit ADSTP of the master
ADC must be used to stop regular conversions. The other ADSTP bit is inactive.

JADSTART: ADC start of injected conversion
This bit is set by software to start ADC conversion of injected channels. Depending on the
configuration bits JEXTEN, a conversion will start immediately (software trigger configuration) or once
an injected hardware trigger event occurs (hardware trigger configuration).
It is cleared by hardware:
— in single conversion mode when software trigger is selected (JEXTSEL=0x0): at the assertion of the
End of Injected Conversion Sequence (JEOS) flag.
— in all cases: after the execution of the JADSTP command, at the same time that JADSTP is cleared
by hardware.
0: No ADC injected conversion is ongoing.
1: Write 1 to start injected conversions. Read 1 means that the ADC is operating and eventually
converting an injected channel.
Note: Software is allowed to set JADSTART only when ADEN=1 and ADDIS=0 (ADC is enabled and
there is no pending request to disable the ADC)
Note: In auto-injection mode (JAUTO=1), regular and auto-injected conversions are started by setting
bit ADSTART (JADSTART must be kept cleared)
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Bit 2 ADSTART: ADC start of regular conversion
This bit is set by software to start ADC conversion of regular channels. Depending on the configuration
bits EXTEN, a conversion will start immediately (software trigger configuration) or once a regular
hardware trigger event occurs (hardware trigger configuration).
It is cleared by hardware:
— in single conversion mode when software trigger is selected (EXTSEL=0x0): at the assertion of the
End of Regular Conversion Sequence (EOS) flag.
— in all cases: after the execution of the ADSTP command, at the same time that ADSTP is cleared by
hardware.
0: No ADC regular conversion is ongoing.
1: Write 1 to start regular conversions. Read 1 means that the ADC is operating and eventually
converting a regular channel.
Note: Software is allowed to set ADSTART only when ADEN=1 and ADDIS=0 (ADC is enabled and
there is no pending request to disable the ADC)
Note: In auto-injection mode (JAUTO=1), regular and auto-injected conversions are started by setting
bit ADSTART (JADSTART must be kept cleared)

Bit 1 ADDIS: ADC disable command
This bit is set by software to disable the ADC (ADDIS command) and put it into power-down state
(OFF state).
It is cleared by hardware once the ADC is effectively disabled (ADEN is also cleared by hardware at
this time).
0: no ADDIS command ongoing
1: Write 1 to disable the ADC. Read 1 means that an ADDIS command is in progress.

Note: Software is allowed to set ADDIS only when ADEN=1 and both ADSTART=0 and JADSTART=0
(which ensures that no conversion is ongoing)

Bit 0 ADEN: ADC enable control
This bit is set by software to enable the ADC. The ADC will be effectively ready to operate once the
flag ADRDY has been set.
It is cleared by hardware when the ADC is disabled, after the execution of the ADDIS command.
0: ADC is disabled (OFF state)
1: Write 1 to enable the ADC.
Note: Software is allowed to set ADEN only when all bits of ADCx_CR registers are 0 (ADCAL=0,

JADSTART=0, ADSTART=0, ADSTP=0, ADDIS=0 and ADEN=0) except for bit ADVREGEN
which must be 1 (and the software must have wait for the startup time of the voltage regulator)

3
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15.5.4

31 30

ADC configuration register (ADCx_CFGR, x=1..2)

Address offset: 0x0C
Reset value: 0x0000 00000

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

JAWD1 | AWD1 |AWD1S JDISC DISC

AWD1CHI[4:0] JAUTO EN EN GL DISCNUMI[2:0]

[ [ ow [ w [ ow [ow [ ow [ow [ow [ow [ow ] ow [ow ][ w][mw]

15 14

AUT
DLY

13 12 1" 10 9 8 7 6 5 4 3 2 1 0

,\%g EXTEN[1:0] EXTSEL[3:0] ALIGN RES[1:0] DMA | DMA

Bit 31
Bits 30:26

Bit 25

Bit 24

Bit 23

3

Reserved, must be kept at reset value.

AWD1CH][4:0]: Analog watchdog 1 channel selection
These bits are set and cleared by software. They select the input channel to be guarded by the analog
watchdog.

00000: reserved (analog input channel 0 is not mapped)

00001: ADC analog input channel-1 monitored by AWD1

10010: ADC analog input channel-18 monitored by AWD1
others: reserved, must not be used
Note: The channel selected by AWD1CH must be also selected into the SQRi or JSQRI registers.
Note: Software is allowed to write these bits only when ADSTART=0 and JADSTART=0 (which
ensures that no conversion is ongoing).

JAUTO: Automatic injected group conversion
This bit is set and cleared by software to enable/disable automatic injected group conversion after
regular group conversion.

0: Automatic injected group conversion disabled
1: Automatic injected group conversion enabled

Note: Software is allowed to write this bit only when ADSTART=0 and JADSTART=0 (which ensures
that no regular nor injected conversion is ongoing).

Note: When dual mode is enabled (bits DUAL of ADCx_CCR register are not equal to zero), the bit
JAUTO of the slave ADC is no more writable and its content is equal to the bit JAUTO of the
master ADC.

JAWD1EN: Analog watchdog 1 enable on injected channels
This bit is set and cleared by software
0: Analog watchdog 1 disabled on injected channels
1: Analog watchdog 1 enabled on injected channels
Note: Software is allowed to write this bit only when JADSTART=0 (which ensures that no injected
conversion is ongoing).

AWD1EN: Analog watchdog 1 enable on regular channels
This bit is set and cleared by software
0: Analog watchdog 1 disabled on regular channels
1: Analog watchdog 1 enabled on regular channels
Note: Software is allowed to write this bit only when ADSTART=0 (which ensures that no regular
conversion is ongoing).
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Bit 22 AWD1SGL: Enable the watchdog 1 on a single channel or on all channels
This bit is set and cleared by software to enable the analog watchdog on the channel identified by the
AWD1CHI[4:0] bits or on all the channels
0: Analog watchdog 1 enabled on all channels
1: Analog watchdog 1 enabled on a single channel

Note: Software is allowed to write these bits only when ADSTART=0 and JADSTART=0 (which
ensures that no conversion is ongoing).

Bit21 JQM: JSQR queue mode

This bit is set and cleared by software.

It defines how an empty Queue is managed.
0: JSQR Mode 0: The Queue is never empty and maintains the last written configuration into JSQR.
1: JSQR Mode 1: The Queue can be empty and when this occurs, the software and hardware
triggers of the injected sequence are both internally disabled just after the completion of the last valid
injected sequence.

Refer to Section 15.3.21: Queue of context for injected conversions for more information.

Note: Software is allowed to write this bit only when JADSTART=0 (which ensures that no injected

conversion is ongoing).
Note: When dual mode is enabled (bits DUAL of ADCx_CCR register are not equal to zero), the bit

JQM of the slave ADC is no more writable and its content is equal to the bit JQM of the master
ADC.

Bit 20 JDISCEN: Discontinuous mode on injected channels
This bit is set and cleared by software to enable/disable discontinuous mode on the injected channels
of a group.
0: Discontinuous mode on injected channels disabled
1: Discontinuous mode on injected channels enabled
Note: Software is allowed to write this bit only when JADSTART=0 (which ensures that no injected
conversion is ongoing).
Note: It is not possible to use both auto-injected mode and discontinuous mode simultaneously: the
bits DISCEN and JDISCEN must be kept cleared by software when JAUTO is set.
Note: When dual mode is enabled (bits DUAL of ADCx_CCR register are not equal to zero), the bit
JDISCEN of the slave ADC is no more writable and its content is equal to the bit JDISCEN of
the master ADC.

Bits 19:17 DISCNUM[2:0]: 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: 1 channel
001: 2 channels

111: 8 channels

Note: Software is allowed to write these bits only when ADSTART=0 (which ensures that no regular
conversion is ongoing).

Note: When dual mode is enabled (bits DUAL of ADCx_CCR register are not equal to zero), the bits
DISCNUMJ2:0] of the slave ADC are no more writable and their content is equal to the bits
DISCNUMJ2:0] of the master ADC.
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Bit 16 DISCEN: Discontinuous mode for regular channels
This bit is set and cleared by software to enable/disable Discontinuous mode for regular channels.
0: Discontinuous mode for regular channels disabled
1: Discontinuous mode for regular channels enabled

Note: Itis not possible to have both discontinuous mode and continuous mode enabled: it is forbidden
to set both DISCEN=1 and CONT=1.

Note: It is not possible to use both auto-injected mode and discontinuous mode simultaneously: the
bits DISCEN and JDISCEN must be kept cleared by software when JAUTO is set.

Note: Software is allowed to write this bit only when ADSTART=0 (which ensures that no regular
conversion is ongoing).

Note: When dual mode is enabled (bits DUAL of ADCx_CCR register are not equal to zero), the bit
DISCEN of the slave ADC is no more writable and its content is equal to the bit DISCEN of the
master ADC.

Bit 15 Reserved, must be kept at reset value.
Bit 14 AUTDLY: Delayed conversion mode
This bit is set and cleared by software to enable/disable the Auto Delayed Conversion mode.
0: Auto-delayed conversion mode off
1: Auto-delayed conversion mode on

Note: Software is allowed to write this bit only when ADSTART=0 and JADSTART=0 (which ensures
that no conversion is ongoing).

Note: When dual mode is enabled (bits DUAL of ADCx_CCR register are not equal to zero), the bit
AUTDLY of the slave ADC is no more writable and its content is equal to the bit AUTDLY of the
master ADC.

Bit 13 CONT: Single / continuous conversion mode for regular conversions
This bit is set and cleared by software. If it is set, regular conversion takes place continuously until it is
cleared.
0: Single conversion mode
1: Continuous conversion mode

Note: Itis not possible to have both discontinuous mode and continuous mode enabled: it is forbidden
to set both DISCEN=1 and CONT=1.

Note: Software is allowed to write this bit only when ADSTART=0 (which ensures that no regular
conversion is ongoing).

Note: When dual mode is enabled (bits DUAL of ADCx_CCR register are not equal to zero), the bit
CONT of the slave ADC is no more writable and its content is equal to the bit CONT of the
master ADC.

Bit 12 OVRMOD: Overrun Mode

3

This bit is set and cleared by software and configure the way data overrun is managed.

0: ADCx_DR register is preserved with the old data when an overrun is detected.
1: ADCx_DR register is overwritten with the last conversion result when an overrun is detected.

Note: Software is allowed to write this bit only when ADSTART=0 (which ensures that no regular
conversion is ongoing).
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Bits 11:10

Bits 9:6

Bit 5

Bits 4:3
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EXTENI[1:0]: External trigger enable and polarity selection for regular channels
These bits are set and cleared by software to select the external trigger polarity and enable the trigger
of a regular group.
00: Hardware trigger detection disabled (conversions can be launched by software)
01: Hardware trigger detection on the rising edge
10: Hardware trigger detection on the falling edge
11: Hardware trigger detection on both the rising and falling edges
Note: Software is allowed to write these bits only when ADSTART=0 (which ensures that no regular
conversion is ongoing).

EXTSEL[3:0]: External trigger selection for regular group
These bits select the external event used to trigger the start of conversion of a regular group:
0000: Event 0
0001: Event 1
0010: Event 2
0011: Event 3
0100: Event 4
0101: Event 5
0110: Event 6
0111: Event 7

1111: Event 15
Note: Software is allowed to write these bits only when ADSTART=0 (which ensures that no regular
conversion is ongoing).

ALIGN: Data alignment
This bit is set and cleared by software to select right or left alignment. Refer to Figure : Data register,
data alignment and offset (ADCx_DR, OFFSETy, OFFSETy_CH, ALIGN)
0: Right alignment
1: Left alignment
Note: Software is allowed to write this bit only when ADSTART=0 and JADSTART=0 (which ensures
that no conversion is ongoing).

RES[1:0]: Data resolution
These bits are written by software to select the resolution of the conversion.
00: 12-bit
01: 10-bit
10: 8-bit
11: 6-bit
Note: Software is allowed to write these bits only when ADSTART=0 and JADSTART=0 (which
ensures that no conversion is ongoing).

3
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Bit 2 Reserved, must be kept at reset value.

Bit 1 DMACFG: Direct memory access configuration

Bit 0

This bit is set and cleared by software to select between two DMA modes of operation and is effective
only when DMAEN=1.
0: DMA One Shot Mode selected
1: DMA Circular Mode selected
For more details, refer to Section : Managing conversions using the DMA
Note: Software is allowed to write this bit only when ADSTART=0 and JADSTART=0 (which ensures
that no conversion is ongoing).
Note: In dual-ADC modes, this bit is not relevant and replaced by control bit DMACFG of the
ADCx_CCR register.

DMAEN: Direct memory access enable
This bit is set and cleared by software to enable the generation of DMA requests. This allows to use
the GP-DMA to manage automatically the converted data. For more details, refer to Section :
Managing conversions using the DMA.
0: DMA disabled
1: DMA enabled
Note: Software is allowed to write this bit only when ADSTART=0 and JADSTART=0 (which ensures
that no conversion is ongoing).
Note: In dual-ADC modes, this bit is not relevant and replaced by control bits MDMA[1:0] of the
ADCx_CCR register.

15.5.5 ADC sample time register 1 (ADCx_SMPR1, x=1..2)
Address offset: 0x14
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SMP9[2:0] SMP8[2:0] SMP7[2:0] SMP6[2:0] SMP5[2:1]
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
SsMg SMP4[2:0] SMP3[2:0] SMP2[2:0] SMP1[2:0]
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Bits 31:30 Reserved, must be kept at reset value.

Bits 29:3 SMPx[2:0]: Channel x sampling time selection
These bits are written by software to select the sampling time individually for each channel.
During sample cycles, the channel selection bits must remain unchanged.
000: 1.5 ADC clock cycles
001: 2.5 ADC clock cycles
010: 4.5 ADC clock cycles
011: 7.5 ADC clock cycles
100: 19.5 ADC clock cycles
101: 61.5 ADC clock cycles
110: 181.5 ADC clock cycles
111: 601.5 ADC clock cycles
Note: Software is allowed to write these bits only when ADSTART=0 and JADSTART=0
(which ensures that no conversion is ongoing).

Bites 2:0 Reserved
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15.5.6 ADC sample time register 2 (ADCx_SMPR2, x=1..2)
Address offset: 0x18
Reset value: 0x0000 0000

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

SMP18[2:0] SMP17[2:0] SMP16[2:0] SMP15[2:1]

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMP15_0 SMP14[2:0] SMP13[2:0] SMP12[2:0] SMP11[2:0] SMP10[2:0]

Bits 31:27 Reserved, must be kept at reset value.

Bits 26:0 SMPXx[2:0]: Channel x sampling time selection
These bits are written by software to select the sampling time individually for each channel.
During sampling cycles, the channel selection bits must remain unchanged.
000: 1.5 ADC clock cycles
001: 2.5 ADC clock cycles
010: 4.5 ADC clock cycles
011: 7.5 ADC clock cycles
100: 19.5 ADC clock cycles
101: 61.5 ADC clock cycles
110: 181.5 ADC clock cycles
111: 601.5 ADC clock cycles

Note: Software is allowed to write these bits only when ADSTART=0 and JADSTART=0
(which ensures that no conversion is ongoing).

15.5.7 ADC watchdog threshold register 1 (ADCx_TR1, x=1..2)

Address offset: 0x20
Reset value: OxOFFF 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
HT1[11:0]
- r r [ r r 1 [ [ |
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
LT1[11:0]
v o o o o o [ [w [ [ w [ [

Bits 31:28 Reserved, must be kept at reset value.
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Bits 27:16 HT1[11:0]: Analog watchdog 1 higher threshold

These bits are written by software to define the higher threshold for the analog watchdog 1.
Refer to Section 15.3.28: Analog window watchdog (AWD1EN, JAWD1EN, AWD1SGL, AWD1CH,
AWD2CH, AWD3CH, AWD_HTx, AWD_LTx, AWDx)

Note: Software is allowed to write these bits only when ADSTART=0 and JADSTART=0 (which
ensures that no conversion is ongoing).

Bits 15:12 Reserved, must be kept at reset value.
Bits 11:0 LT1[11:0]: Analog watchdog 1 lower threshold
These bits are written by software to define the lower threshold for the analog watchdog 1.
Refer to Section 15.3.28: Analog window watchdog (AWD1EN, JAWD1EN, AWD1SGL, AWD1CH,
AWD2CH, AWD3CH, AWD_HTx, AWD_LTx, AWDx)
Note: Software is allowed to write these bits only when ADSTART=0 and JADSTART=0 (which
ensures that no conversion is ongoing).
15.5.8 ADC watchdog threshold register 2 (ADCx_TR2, x =1..2)
Address offset: 0x24
Reset value: 0xO0FF 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
HT2[7:0]
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
LT2[7:0]
Bits 31:24 Reserved, must be kept at reset value.
Bits 23:16 HT2[7:0]: Analog watchdog 2 higher threshold
These bits are written by software to define the higher threshold for the analog watchdog 2.
Refer to Section 15.3.28: Analog window watchdog (AWD1EN, JAWD1EN, AWD1SGL, AWD1CH,
AWD2CH, AWD3CH, AWD_HTx, AWD_LTx, AWDx)
Note: Software is allowed to write these bits only when ADSTART=0 and JADSTART=0 (which
ensures that no conversion is ongoing).
Bits 15:8 Reserved, must be kept at reset value.
Bits 7:0 LT2[7:0]: Analog watchdog 2 lower threshold
These bits are written by software to define the lower threshold for the analog watchdog 2.
Refer to Section 15.3.28: Analog window watchdog (AWD1EN, JAWD1EN, AWD1SGL, AWD1CH,
AWD2CH, AWD3CH, AWD_HTx, AWD_LTx, AWDx)
Note: Software is allowed to write these bits only when ADSTART=0 and JADSTART=0 (which
ensures that no conversion is ongoing).
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15.5.9

ADC watchdog threshold register 3 (ADCx_TR3, x=1..2)

Address offset: 0x28

Reset value: 0OxO0FF 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
HT3[7:0]

v [ ow [w [ w [ w ][ [w[mw

15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
LT3[7:0]

v [ ow [w [ w [ w ][ w [ w[mw

Bits 31:24 Reserved, must be kept at reset value.

Bits 23:16 HT3[7:0]: Analog watchdog 3 higher threshold
These bits are written by software to define the higher threshold for the analog watchdog 3.
Refer to Section 15.3.28: Analog window watchdog (AWD1EN, JAWD1EN, AWD1SGL, AWD1CH,

AWD2CH, AWD3CH, AWD_HTx, AWD_LTx, AWDx)

Note: Software is allowed to write these bits only when ADSTART=0 and JADSTART=0 (which
ensures that no conversion is ongoing).

Bits 15:8 Reserved, must be kept at reset value.

Bits 7:0 LT3[7:0]: Analog watchdog 3 lower threshold

3

These bits are written by software to define the lower threshold for the analog watchdog 3.

This watchdog compares the 8-bit of LT3 with the 8 MSB of the converted data.

Note: Software is allowed to write these bits only when ADSTART=0 and JADSTART=0 (which
ensures that no conversion is ongoing).
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15.5.10 ADC regular sequence register 1 (ADCx_SQR1, x=1..2)

Address offset: 0x30
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SQ4[4:0] SQ3[4:0] SQ2[4]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SQ2[3:0] SQ1[4:0] L[3:0]

Bits 31:29 Reserved, must be kept at reset value.

Bits 28:24 SQ4[4:0]: 4th conversion in regular sequence

These bits are written by software with the channel number (1..18) assigned as the 4th in the
regular conversion sequence.

Note: Software is allowed to write these bits only when ADSTART=0 (which ensures that no
regular conversion is ongoing).

Note: Analog input channel 0 is not mapped: value “00000” should not be used
Bit 23 Reserved, must be kept at reset value.

Bits 22:18 SQ3[4:0]: 3rd conversion in regular sequence

These bits are written by software with the channel number (1..18) assigned as the 3rd in the
regular conversion sequence.

Note: Software is allowed to write these bits only when ADSTART=0 (which ensures that no
regular conversion is ongoing).

Note: Analog input channel 0 is not mapped: value “00000” should not be used
Bit 17 Reserved, must be kept at reset value.

Bits 16:12 SQ2[4:0]: 2nd conversion in regular sequence

These bits are written by software with the channel number (1..18) assigned as the 2nd in the
regular conversion sequence.

Note: Software is allowed to write these bits only when ADSTART=0 (which ensures that no
regular conversion is ongoing).

Note: Analog input channel 0 is not mapped: value “00000” should not be used

Bit 11 Reserved, must be kept at reset value.
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Bits 10:6 SQ1[4:0]: 1st conversion in regular sequence

Bits 5:4
Bits 3:0

These bits are written by software with the channel number (1..18) assigned as the 1st in the
regular conversion sequence.

Note: Software is allowed to write these bits only when ADSTART=0 (which ensures that no
regular conversion is ongoing).

Note: Analog input channel 0 is not mapped: value “00000” should not be used
Reserved, must be kept at reset value.

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: 1 conversion
0001: 2 conversions

1111: 16 conversions

Note: Software is allowed to write these bits only when ADSTART=0 (which ensures that no
regular conversion is ongoing).

15.5.11 ADC regular sequence register 2 (ADCx_SQR2, x=1..2)
Address offset: 0x34
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SQQ[4:0] SQ8[4:0] SQ7[4]
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
$Q7[3:0] SQ6[4:0] SQ5[4:0]
Bits 31:29 Reserved, must be kept at reset value.
Bits 28:24 SQ9[4:0]: 9th conversion in regular sequence
These bits are written by software with the channel number (1..18) assigned as the 9th in the
regular conversion sequence.
Note: Software is allowed to write these bits only when ADSTART=0 (which ensures that no
regular conversion is ongoing).
Note: Analog input channel 0 is not mapped: value “00000” should not be used
Bit 23 Reserved, must be kept at reset value.
Bits 22:18 SQ8[4:0]: 8th conversion in regular sequence
These bits are written by software with the channel number (1..18) assigned as the 8th in the
regular conversion sequence
Note: Software is allowed to write these bits only when ADSTART=0 (which ensures that no
regular conversion is ongoing).
Note: Analog input channel 0 is not mapped: value “00000” should not be used
Bit 17 Reserved, must be kept at reset value.
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Bits 16:12

Bit 11
Bits 10:6

Bit 5
Bits 4:0

SQ7[4:0]: 7th conversion in regular sequence

These bits are written by software with the channel number (1..18) assigned as the 7th in the
regular conversion sequence.

Note: Software is allowed to write these bits only when ADSTART=0 (which ensures that no
regular conversion is ongoing).

Note: Analog input channel 0 is not mapped: value “00000” should not be used
Reserved, must be kept at reset value.

SQ6[4:0]: 6th conversion in regular sequence

These bits are written by software with the channel number (1..18) assigned as the 6th in the
regular conversion sequence.

Note: Software is allowed to write these bits only when ADSTART=0 (which ensures that no
regular conversion is ongoing).

Note: Analog input channel 0 is not mapped: value “00000” should not be used
Reserved, must be kept at reset value.

SQ5[4:0]: 5th conversion in regular sequence

These bits are written by software with the channel number (1..18) assigned as the 5th in the
regular conversion sequence.

Note: Software is allowed to write these bits only when ADSTART=0 (which ensures that no
regular conversion is ongoing).

Note: Analog input channel 0 is not mapped: value “00000” should not be used
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15.5.12 ADC regular sequence register 3 (ADCx_SQR3, x=1..2)

Address offset: 0x38
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SQ14[4:0] SQ13[4:0] SQ12[4]
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
SQ12[3:0] SQ11[4:0] SQ10[4:0]
Bits 31:29 Reserved, must be kept at reset value.
Bits 28:24 SQ14[4:0]: 14th conversion in regular sequence
These bits are written by software with the channel number (1..18) assigned as the 14th in the
regular conversion sequence.
Note: Software is allowed to write these bits only when ADSTART=0 (which ensures that no
regular conversion is ongoing).
Note: Analog input channel 0 is not mapped: value “00000” should not be used
Bit 23 Reserved, must be kept at reset value.
Bits 22:18 SQ13[4:0]: 13th conversion in regular sequence
These bits are written by software with the channel number (1..18) assigned as the 13th in the
regular conversion sequence.
Note: Software is allowed to write these bits only when ADSTART=0 (which ensures that no
regular conversion is ongoing).
Note: Analog input channel 0 is not mapped: value “00000” should not be used
Bit 17 Reserved, must be kept at reset value.
Bits 16:12 SQ12[4:0]: 12th conversion in regular sequence
These bits are written by software with the channel number (1..18) assigned as the 12th in the
regular conversion sequence.
Note: Software is allowed to write these bits only when ADSTART=0 (which ensures that no
regular conversion is ongoing).
Note: Analog input channel 0 is not mapped: value “00000” should not be used
Bit 11 Reserved, must be kept at reset value.
Bits 10:6 SQ11[4:0]: 11th conversion in regular sequence
These bits are written by software with the channel number (1..18) assigned as the 11th in the
regular conversion sequence.
Note: Software is allowed to write these bits only when ADSTART=0 (which ensures that no
regular conversion is ongoing).
Note: Analog input channel 0 is not mapped: value “00000” should not be used
Bit5 Reserved, must be kept at reset value.
Bits 4:0 SQ10[4:0]: 10th conversion in regular sequence

3

These bits are written by software with the channel number (1..18) assigned as the 10th in the
regular conversion sequence.

Note: Software is allowed to write these bits only when ADSTART=0 (which ensures that no
regular conversion is ongoing).

Note: Analog input channel 0 is not mapped.: value “00000” should not be used
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15.5.13 ADC regular sequence register 4 (ADCx_SQR4, x=1..2)
Address offset: 0x3C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
SQ16[4:0] SQ15[4:0]
Bits 31:11 Reserved, must be kept at reset value.
Bits 10:6 SQ16[4:0]: 16th conversion in regular sequence
These bits are written by software with the channel number (1..18) assigned as the 16th in the
regular conversion sequence.
Note: Software is allowed to write these bits only when ADSTART=0 (which ensures that no
regular conversion is ongoing).
Note: Analog input channel 0 is not mapped: value “00000” should not be used
Bit 5 Reserved, must be kept at reset value.
Bits 4:0 SQ15[4:0]: 15th conversion in regular sequence
These bits are written by software with the channel number (1..18) assigned as the 15th in the
regular conversion sequence.
Note: Software is allowed to write these bits only when ADSTART=0 (which ensures that no
regular conversion is ongoing).
Note: Analog input channel 0 is not mapped: value “00000” should not be used
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15.5.14 ADC regular Data Register (ADCx_DR, x=1..2)

Address offset: 0x40
Reset value: 0x0000 0000

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

Bits 31:16 Reserved, must be kept at reset value.

Bits 15:0 RDATA[15:0]: Regular Data converted
These bits are read-only. They contain the conversion result from the last converted regular channel.
The data are left- or right-aligned as described in Section 15.3.26: Data management.
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15.5.15 ADC injected sequence register (ADCx_JSQR, x=1..2)
Address offset: 0x4C
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
JSQ4[4:0] JSQ3[4:0] JsQ2[4:2]
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
JsQ2[1:0] JsQ1[4:0] JEXTEN[1:0] JEXTSEL[3:0] JL[1:0]
Bit 31 Reserved, must be kept at reset value.
Bits 30:26 JSQ4[4:0]: 4th conversion in the injected sequence
These bits are written by software with the channel number (1..18) assigned as the 4th in the
injected conversion sequence.
Note: Software is allowed to write these bits at any time, once the ADC is enabled (ADEN=1).
Note: Analog input channel 0 is not mapped: value “00000” should not be used
Bit 25 Reserved, must be kept at reset value.
Bits 24:20 JSQ3[4:0]: 3rd conversion in the injected sequence
These bits are written by software with the channel number (1..18) assigned as the 3rd in the
injected conversion sequence.
Note: Software is allowed to write these bits at any time, once the ADC is enabled (ADEN=1).
Note: Analog input channel 0 is not mapped.: value “00000” should not be used
Bit 19 Reserved, must be kept at reset value.
Bits 18:14 JSQ2[4:0]: 2nd conversion in the injected sequence
These bits are written by software with the channel number (1..18) assigned as the 2nd in the
injected conversion sequence.
Note: Software is allowed to write these bits at any time, once the ADC is enabled (ADEN=1).
Note: Analog input channel 0 is not mapped.: value “00000” should not be used
Bit 13 Reserved, must be kept at reset value.
Bits 12:8 JSQ1[4:0]: 1st conversion in the injected sequence
These bits are written by software with the channel number (1..18) assigned as the 1st in the
injected conversion sequence.
Note: Software is allowed to write these bits at any time, once the ADC is enabled (ADEN=1).
Note: Analog input channel 0 is not mapped.: value “00000” should not be used
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Bits 7:6

Bits 5:2

Bits 1:0

JEXTENI1:0]: External Trigger Enable and Polarity Selection for injected channels
These bits are set and cleared by software to select the external trigger polarity and enable the
trigger of an injected group.
00: Hardware trigger detection disabled (conversions can be launched by software)
01: Hardware trigger detection on the rising edge
10: Hardware trigger detection on the falling edge
11: Hardware trigger detection on both the rising and falling edges
Note: Software is allowed to write these bits at any time, once the ADC is enabled (ADEN=1).
Note: If JQM=1 and if the Queue of Context becomes empty, the software and hardware
triggers of the injected sequence are both internally disabled (refer to Section 15.3.21:
Queue of context for injected conversions)

JEXTSEL][3:0]: External Trigger Selection for injected group
These bits select the external event used to trigger the start of conversion of an injected group:
0000: Event 0
0001: Event 1
0010: Event 2
0011: Event 3
0100: Event 4
0101: Event 5
0110: Event 6
0111: Event 7

1111: Event 15

Note: Software is allowed to write these bits at any time, once the ADC is enabled (ADEN=1).

JL[1:0]: Injected channel sequence length
These bits are written by software to define the total number of conversions in the injected
channel conversion sequence.
00: 1 conversion
01: 2 conversions
10: 3 conversions
11: 4 conversions
Note: Software is allowed to write these bits at any time, once the ADC is enabled (ADEN=1).
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15.5.16 ADC offset register (ADCx_OFRYy, x=1..2) (y=1..4)

Address offset: 0x60, 0x64, 0x68, 0x6C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
OFEES,\"ETV OFFSETy_CH[4:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OFFSETy[11:0]
Bit 31 OFFSETy_EN: Offset y Enable

This bit is written by software to enable or disable the offset programmed into bits

OFFSETy[11:0].

Note: Software is allowed to write this bit only when ADSTART=0 and JADSTART=0 (which
ensures that no conversion is ongoing).

Bits 30:26 OFFSETy_CH[4:0]: Channel selection for the Data offset y

These bits are written by software to define the channel to which the offset programmed into

bits OFFSETy[11:0] will apply.

Note: Software is allowed to write these bits only when ADSTART=0 and JADSTART=0
(which ensures that no conversion is ongoing).

Note: Analog input channel 0 is not mapped: value “00000” should not be used

Bits 25:12 Reserved, must be kept at reset value.
Bits 11:0 OFFSETy[11:0]: Data offset y for the channel programmed into bits OFFSETy_CH[4:0]

These bits are written by software to define the offset y to be subtracted from the raw

converted data when converting a channel (can be regular or injected). The channel to which

applies the data offset y must be programmed in the bits OFFSETy_CHJ[4:0]. The conversion

result can be read from in the ADCx_DR (regular conversion) or from in the ADCx_JDRYyi

registers (injected conversion).

Note: Software is allowed to write these bits only when ADSTART=0 and JADSTART=0
(which ensures that no conversion is ongoing).

Note: If several offset (OFFSETy) point to the same channel, only the offset with the lowest x
value is considered for the subtraction.
Ex: if OFFSET1_CH[4:0]=4 and OFFSET2_CH[4:0]=4, this is OFFSET1[11:0] which is
Subtracted when converting channel 4.
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15.5.17 ADC injected data register (ADCx_JDRYy, x=1..2, y= 1..4)

Address offset: 0x80 - 0x8C
Reset value: 0x0000 0000

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

Bits 31:16 Reserved, must be kept at reset value.

Bits 15:0 JDATA[15:0]: Injected data

These bits are read-only. They contain the conversion result from injected channel y. The
data are left -or right-aligned as described in Section 15.3.26: Data management.

15.5.18 ADC Analog Watchdog 2 Configuration Register (ADCx_AWD2CR,
x=1..2)
Address offset: 0xAQ
Reset value: 0x0000 0000

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

AWD2CH[18:16]

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
AWD2CH[15:1]

Bits 31:19 Reserved, must be kept at reset value.

Bits 18:1 AWD2CH[18:1]: Analog watchdog 2 channel selection

These bits are set and cleared by software. They enable and select the input channels to be guarded
by the analog watchdog 2.

AWD2CH{]i] = 0: ADC analog input channel-i is not monitored by AWD2

AWD2CH{]i] = 1: ADC analog input channel-i is monitored by AWD2
When AWD2CH[18:1] = 000..0, the analog Watchdog 2 is disabled

Note: The channels selected by AWD2CH must be also selected into the SQRi or JSQRI registers.

Note: Software is allowed to write these bits only when ADSTART=0 and JADSTART=0 (which
ensures that no conversion is ongoing).

Bit 0 Reserved, must be kept at reset value.

3

RMO0365 Rev 8 385/1086




Analog-to-digital converters (ADC) RMO0365

15.5.19 ADC Analog Watchdog 3 Configuration Register (ADCx_AWD3CR,
x=1..2)

Address offset: 0xA4
Reset value: 0x0000 0000

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

AWD3CH[18:16]

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AWD3CH([15:1]

Bits 31:19 Reserved, must be kept at reset value.

Bits 18:1 AWD3CH[18:1]: Analog watchdog 3 channel selection

These bits are set and cleared by software. They enable and select the input channels to be guarded
by the analog watchdog 3.

AWD3CH][i] = 0: ADC analog input channel-i is not monitored by AWD3
AWD3CH][i] = 1: ADC analog input channel-i is monitored by AWD3
When AWD3CHI[18:1] = 000..0, the analog Watchdog 3 is disabled

Note: The channels selected by AWD3CH must be also selected into the SQRi or JSQRi registers.

Note: Software is allowed to write these bits only when ADSTART=0 and JADSTART=0 (which
ensures that no conversion is ongoing).

Bit 0 Reserved, must be kept at reset value.

15.5.20 ADC Differential Mode Selection Register (ADCx_DIFSEL, x=1..2)

Address offset: 0xB0
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DIFSEL[18:16]
r [ [ e
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
DIFSEL[15:1]
v T [w [w [w [w [ w [ w [ w [ w [ w [ w[w[w][w
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Bits 31:19 Reserved, must be kept at reset value.
Bits 18:16 DIFSEL[18:16]: Differential mode for channels 18 to 16.

These bits are read only. These channels are forced to single-ended input mode (either connected to a
single-ended I/O port or to an internal channel).

Bits 15:1 DIFSEL[15:1]: Differential mode for channels 15 to 1
These bits are set and cleared by software. They allow to select if a channel is configured as single
ended or differential mode.
DIFSEL[i] = 0: ADC analog input channel-i is configured in single ended mode
DIFSEL[i] = 1: ADC analog input channel-i is configured in differential mode
Note: Software is allowed to write these bits only when the ADC is disabled (ADCAL=0,
JADSTART=0, JADSTP=0, ADSTART=0, ADSTP=0, ADDIS=0 and ADEN=0).
Note: It is mandatory to keep cleared ADC1_DIFSEL[15] (connected to an internal single ended
channel)
Bit 0 Reserved, must be kept at reset value.
15.5.21 ADC Calibration Factors (ADCx_CALFACT, x=1..2)
Address offset: 0xB4
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CALFACT_D[6:0]
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CALFACT_S[6:0]
Bits 31:23 Reserved, must be kept at reset value.
Bits 22:16 CALFACT_D[6:0]: Calibration Factors in differential mode
These bits are written by hardware or by software.
Once a differential inputs calibration is complete, they are updated by hardware with the calibration
factors.
Software can write these bits with a new calibration factor. If the new calibration factor is different
from the current one stored into the analog ADC, it will then be applied once a new differential
calibration is launched.
Note: Software is allowed to write these bits only when ADEN=1, ADSTART=0 and JADSTART=0
(ADC is enabled and no calibration is ongoing and no conversion is ongoing).
Bits 15:7 Reserved, must be kept at reset value.
Bits 6:0 CALFACT_S[6:0]: Calibration Factors In Single-Ended mode

3

These bits are written by hardware or by software.
Once a single-ended inputs calibration is complete, they are updated by hardware with the
calibration factors.
Software can write these bits with a new calibration factor. If the new calibration factor is different
from the current one stored into the analog ADC, it will then be applied once a new single-ended
calibration is launched.

Note: Software is allowed to write these bits only when ADEN=1, ADSTART=0 and JADSTART=0

(ADC is enabled and no calibration is ongoing and no conversion is ongoing).
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15.6 ADC common registers

These registers define the control and status registers common to master and slave ADCs:
e  One set of registers is related to ADC1 (master) and ADC2 (slave)

15.6.1 ADC Common status register (ADCx_CSR, x=12)

Address offset: 0x00 (this offset address is relative to the master ADC base address +
0x300)

Reset value: 0x0000 0000

This register provides an image of the status bits of the different ADCs. Nevertheless it is
read-only and does not allow to clear the different status bits. Instead each status bit must
be cleared by writing 0 to it in the corresponding ADCx_SR register.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
JQOVF_ | AWD3_ | AWD2_ | AWD1_ | JEOS_ |JEOC_| OVR_ | EOS_ | EOC_ | EOSMP_ | ADRDY_
SLV SLvV SLvV SLvV SLv SLvV SLvV SLvV SLvV SLvV SLvV
Slave ADC
r r r ‘ r ‘ r ‘ r ‘ r r r ‘ r ‘ r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
JQOVF_ | AWD3_ | AWD2_ | AWD1_ | JEOS_ |JEOC_| OVR_ | EOS_ | EOC_ | EOSMP_ | ADRDY_
MST MST MST MST MST MST MST MST MST MST MST
Master ADC
r r r ‘ r ‘ r ‘ r ‘ r | r | r ‘ r ‘ r

Bits 31:27 Reserved, must be kept at reset value.

Bit 26 JQOVF_SLYV: Injected Context Queue Overflow flag of the slave ADC
This bit is a copy of the JQOVF bit in the corresponding ADCx_ISR register.

Bit 25 AWD3_SLV: Analog watchdog 3 flag of the slave ADC
This bit is a copy of the AWD3 bit in the corresponding ADCx_ISR register.

Bit 24 AWD2_SLV: Analog watchdog 2 flag of the slave ADC
This bit is a copy of the AWD?2 bit in the corresponding ADCx_ISR register.

Bit 23 AWD1_SLV: Analog watchdog 1 flag of the slave ADC
This bit is a copy of the AWD1 bit in the corresponding ADCx_ISR register.

Bit 22 JEOS_SLV: End of injected sequence flag of the slave ADC
This bit is a copy of the JEOS bit in the corresponding ADCx_ISR register.

Bit 21 JEOC_SLV: End of injected conversion flag of the slave ADC
This bit is a copy of the JEOC bit in the corresponding ADCx_ISR register.

Bit 20 OVR_SLV: Overrun flag of the slave ADC
This bit is a copy of the OVR bit in the corresponding ADCx_ISR register.

Bit 19 EOS_SLV: End of regular sequence flag of the slave ADC
This bit is a copy of the EOS bit in the corresponding ADCx_ISR register.

Bit 18 EOC_SLV: End of regular conversion of the slave ADC
This bit is a copy of the EOC bit in the corresponding ADCx_ISR register.

3
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3

Bit 17

Bit 16

Bits 15:11
Bit 10

Bit 9

Bit 8

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

EOSMP_SLV: End of Sampling phase flag of the slave ADC
This bit is a copy of the EOSMP2 bit in the corresponding ADCx_ISR register.

ADRDY_SLV: Slave ADC ready
This bit is a copy of the ADRDY bit in the corresponding ADCx_ISR register.

Reserved, must be kept at reset value.

JQOVF_MST: Injected Context Queue Overflow flag of the master ADC
This bit is a copy of the JQOVF bit in the corresponding ADCx_ISR register.

AWD3_MST: Analog watchdog 3 flag of the master ADC
This bit is a copy of the AWD3 bit in the corresponding ADCx_ISR register.

AWD2_MST: Analog watchdog 2 flag of the master ADC
This bit is a copy of the AWDZ2 bit in the corresponding ADCx_ISR register.

AWD1_MST: Analog watchdog 1 flag of the master ADC
This bit is a copy of the AWD1 bit in the corresponding ADCx_ISR register.

JEOS_MST: End of injected sequence flag of the master ADC
This bit is a copy of the JEOS bit in the corresponding ADCx_ISR register.

JEOC_MST: End of injected conversion flag of the master ADC
This bit is a copy of the JEOC bit in the corresponding ADCx_ISR register.

OVR_MST: Overrun flag of the master ADC
This bit is a copy of the OVR bit in the corresponding ADCx_ISR register.

EOS_MST: End of regular sequence flag of the master ADC
This bit is a copy of the EOS bit in the corresponding ADCx_ISR register.

EOC_MST: End of regular conversion of the master ADC
This bit is a copy of the EOC bit in the corresponding ADCx_ISR register.

EOSMP_MST: End of Sampling phase flag of the master ADC
This bit is a copy of the EOSMP bit in the corresponding ADCx_ISR register.

ADRDY_MST: Master ADC ready
This bit is a copy of the ADRDY bit in the corresponding ADCx_ISR register.
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15.6.2 ADC common control register (ADCx_CCR, x=12)

Address offset: 0x08 (this offset address is relative to the master ADC base address +
0x300)

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
VBAT TS VREF
EN EN EN CKMODE[1:0]
rw rw w w | rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
MDMA[1:0] 3';"2 DELAY[3:0] DUAL[4:0]

Bits 31:25 Reserved, must be kept at reset value.

Bit 24 VBATEN: Vgar enable
This bit is set and cleared by software to enable/disable the Vgat channel.

0: Vgat channel disabled
1: Vgat channel enabled

Note: Software is allowed to write this bit only when the ADCs are disabled (ADCAL=0,
JADSTART=0, ADSTART=0, ADSTP=0, ADDIS=0 and ADEN=0).

Bit 23 TSEN: Temperature sensor enable
This bit is set and cleared by software to enable/disable the temperature sensor channel.

0: Temperature sensor channel disabled
1: Temperature sensor channel enabled

Note: Software is allowed to write this bit only when the ADCs are disabled (ADCAL=0,
JADSTART=0, ADSTART=0, ADSTP=0, ADDIS=0 and ADEN=0).

Bit 22 VREFEN: VREFlNT enable
This bit is set and cleared by software to enable/disable the VrggnT channel.

0: VRerinT Channel disabled
1: VRerinT channel enabled

Note: Software is allowed to write this bit only when the ADCs are disabled (ADCAL=0,
JADSTART=0, ADSTART=0, ADSTP=0, ADDIS=0 and ADEN=0).

Bits 21:18 Reserved, must be kept at reset value.
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Bits 17:16 CKMODE[1:0]: ADC clock mode

These bits are set and cleared by software to define the ADC clock scheme (which is common

to both master and slave ADCs):
00: CK_ADCx (x=123) (Asynchronous clock mode), generated at product level (refer to
Section 9: Reset and clock control (RCC))
01: HCLK/1 (Synchronous clock mode). This configuration must be enabled only if the AHB
clock prescaler is set to 1 (HPRE[3:0] = Oxxx in RCC_CFGR register) and if the system clock
has a 50% duty cycle.
10: HCLK/2 (Synchronous clock mode)
11: HCLK/4 (Synchronous clock mode)

In all synchronous clock modes, there is no jitter in the delay from a timer trigger to the start of
a conversion.

Note: Software is allowed to write these bits only when the ADCs are disabled (ADCAL=0,
JADSTART=0, ADSTART=0, ADSTP=0, ADDIS=0 and ADEN=0).

Bits 15:14 MDMA[1:0]: Direct memory access mode for dual ADC mode

This bit-field is set and cleared by software. Refer to the DMA controller section for more
details.

00: MDMA mode disabled

01: reserved

10: MDMA mode enabled for 12 and 10-bit resolution
11: MDMA mode enabled for 8 and 6-bit resolution

Note: Software is allowed to write these bits only when ADSTART=0 (which ensures that no
regular conversion is ongoing).

Bit 13 DMACFG: DMA configuration (for dual ADC mode)

This bit is set and cleared by software to select between two DMA modes of operation and is
effective only when DMAEN=1.

0: DMA One Shot Mode selected
1: DMA Circular Mode selected
For more details, refer to Section : Managing conversions using the DMA

Note: Software is allowed to write these bits only when ADSTART=0 (which ensures that no
regular conversion is ongoing).

Bit 12 Reserved, must be kept at reset value.
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Bits 11:8 DELAY: Delay between 2 sampling phases

Set and cleared by software. These bits are used in dual interleaved modes. Refer to Table 95
for the value of ADC resolution versus DELAY bits values.

Note: Software is allowed to write these bits only when the ADCs are disabled (ADCAL=0,
JADSTART=0, ADSTART=0, ADSTP=0, ADDIS=0 and ADEN=0).

Bits 7:5 Reserved, must be kept at reset value.

Bits 4:0 DUAL[4:0]: Dual ADC mode selection
These bits are written by software to select the operating mode.
All the ADCs independent:
00000: Independent mode

00001 to 01001: Dual mode, master and slave ADCs working together
00001: Combined regular simultaneous + injected simultaneous mode
00010: Combined regular simultaneous + alternate trigger mode
00011: Combined Interleaved mode + injected simultaneous mode
00100: Reserved

392/1086

00101: Injected simultaneous mode only
00110: Regular simultaneous mode only

00111: Interleaved mode only

01001: Alternate trigger mode only
All other combinations are reserved and must not be programmed

Note: Software is allowed to write these bits only when the ADCs are disabled (ADCAL=0,

JADSTART=0, ADSTART=0, ADSTP=0, ADDIS=0 and ADEN=0).

Table 95. DELAY bits versus ADC resolution

DELAY bits 12-bit resolution 10-bit resolution | 8-bit resolution | 6-bit resolution
0000 1* Tapc_cLk 1*Tabc_cLk 1* Tapc_cLk 1*Tabc_cLk
0001 2" Tapc_cLk 2" Tapc_cLk 2" Tapc_cLk 2" Tapc_cLk
0010 3" Tapc_cLk 3*Tapc_cLk 3" Tapc_cLk 3*Tapc_cLk
0011 4" Tapc_ck 4" Tapc_cLk 4" Tapc_cLk 4" Tapc_ck
0100 5*Tapc cLk 5 *Tapc cLk 5*Tapc cLk 5 *Tapc_cLk
0101 6 * Tapc_cLk 6* Tapc_cLk 6 * Tapc cLk 6 * Tapc_cLk
0110 7*Tapc_cLk 7*Tapc_cLk 7*Tapc_cLk 6 * Tapc_cLk
0111 8 * Tapc_cLk 8" Tapc_cLk 8" Tapc_cLk 67 Tapc_cik
1000 9" Tapc_cLk 9 *Tapc_cLk 8" Tapc_cLk 6" Tapc_cLk
1001 10 * Tapc_cLk 10 * Tapc_cLk 8" Tapc_cLk 6" Tapc_cLk
1010 11 * Tapc_cLk 10 * Tapc_cLk 8*Tapc_cLk 6 * Tapc_cLk
1011 12* Tapc_cLk 10 * Tapc_cLk 8*Tapc cLk 6 * Tapc_cLk

others 12* Tapc_cLk 10 * Tapc_cLk 8*Tapc_cLk 6 * Tapc_cLk
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15.6.3 ADC common regular data register for dual mode
(ADCx_CDR, x=12)
Address offset: 0x0C (this offset address is relative to the master ADC base address +
0x300)
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RDATA_SLV[15:0]

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

r ‘ r | r r | r ‘ r | r ‘ r | r | r ‘ r | r | r ‘ r ‘ r | r

Bits 31:16 RDATA_SLV[15:0]: Regular data of the slave ADC
In dual mode, these bits contain the regular data of the slave ADC. Refer to Section 15.3.29:
Dual ADC modes (STM32F302xB/C/D/E only).
The data alignment is applied as described in Section : Data register, data alignment and
offset (ADCx_DR, OFFSETy, OFFSETy_CH, ALIGN))
Bits 15:0 RDATA_MST[15:0]: Regular data of the master ADC.
In dual mode, these bits contain the regular data of the master ADC. Refer to Section 15.3.29:
Dual ADC modes (STM32F302xB/C/D/E only).
The data alignment is applied as described in Section : Data register, data alignment and
offset (ADCx_DR, OFFSETy, OFFSETy_CH, ALIGN))
In MDMA=0b11 mode, bits 15:8 contains SLV_ADC_DR[7:0], bits 7:0 contains
MST_ADC_DR][7:0].
15.7 ADC register map
The following table summarizes the ADC registers.
Table 96. ADC global register map“)
Offset Register
0x000 - 0x04C Master ADC1
0x050 - OxOFC Reserved
0x100 - 0x14C Slave ADC2
0x118 - 0Ox1FC Reserved
0x200 - 0x24C Reserved
0x250 - 0x2FC Reserved
0x300 - 0x308 Master and slave ADCs common registers (ADC12)

1. The gray color is used for reserved memory addresses.
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Table 97. ADC register map and reset values for each ADC (offset=0x000
for master ADC, 0x100 for slave ADC, x=1..2)

Offset| Register |5(3|2/2|N|8|Q/3|2|R[s|g|2||x|e /2|t E|2|o|o|~ 0|0 <|o|n|<|o
Lo o= oo Q>
=10 |a o x v |o|=|a

ADCx_ISR 0 10|10 |0 |® |x
0x00 - S (2|2 oo
X glzlz|Z|5 50w |D|Q |
Reset value ofojfo{o|0o]O|OfOfO[O]O
w|w
ADCx_IER i%ﬁg%%ﬁ%%gg
0x04 X oISIEI2IRIQIZIc|0 |2 |z
SlRIIZSFOM VIR
Reset value ojo[ofo|O|OfO|O|OfO]|O
=)
L= e o 2|5
z |8 = Tl |z
ADCx CR [0 |2| ® blpEIEEE
0x08 5| 2218|812 1?
23 - Si<
2
Reset value 0|01 | 0 0|0[0jO0|0O]O
z |z | = al| & [}
o |E|Q w za Zilelo| = z L |Z
ADCx_CFGR awpicHol (5B 5121513 [PSSNMG | B lz || 2 | BXISER |5 | RES| 118
0x0C L |z 0|3 |2 [220] |® 5 8 gﬂ W [3:0] 3| 1.0 % s
SEIEEL]S o Rl & < 3|
Reset value 0]0J0[0][0|0[0[0[0[0|0[0[0J0[0| |[0|0|0|[0[0|0[0[0[0[O0[0[0] [0]0
0x10 Reserved
SMP9 SMP8 SMP7 SMP6 SMP5 SMP4 SMP3 SMP2 SMP1
oxt4 | ADCX_SMPR1 [2:0] [2:0] [2:0] [2:0] [2:0] [2:0] [2:0] [2:0] [2:0]
Reset value 0[0[O|0[0[O0|0[0[O0[0][0[O0|0[0[0|0[0[0|0[0[0[0[0[0[0]0]0
SMP18 SMP17 SMP16 SMP15 SMP14 SMP13 SMP12 SMP11 SMP10
oxtg | APCx SMPR2 [2:0] [2:0] [2:0] [2:0] [2:0] [2:0] [2:0] [2:0] [2:0]
Reset value O|0|O 0|O|0 0|O|0 O|0|0 O|0|0 0|0|O 0|0|0 0|O|0 0|0|0
0x1C Reserved
0x20 ADCx_TR1 HT1[11:0] LT1[11:0]
Reset value 1T11[1]1 1|1|1|1|1]1|1|1 00000]0|0|O]0|0]0|0
ox24 ADCx_TR2 HT2[[7:0] LT2[7:0]
Reset value KKK 0O[0JOJOJOJOJOJO
0x28 ADCx_TR3 HT3[[7:0] LT3[7:0]
Reset value T[T [T [1][T]7 0JO0J0[0[0JO[0]0
0x2C Reserved
0x30 ADCx_SQR1 SQ4[4:0] SQ3[4:0] SQ2[4:0] SQ1[4:0] L[3:0]
Reset value 0][0JO0J0]0| [0]OJOJO0[O| |0]OJOJO[O| [0]0JOJO0]0O 0]0J0]0
oxaa | ADCx_SQR2 SQ9[4:0] SQ8[4:0] SQ7[4:0] SQ6[4:0] SQ5[4:0]
Reset value 0|0|0|0|0 0|0|0|0|0 0|0|0]0|0 0|0|0|0|0 0]0[0]0|0
ox3s | ADCx_SQR3 SQ14[4:0] SQ13[4:0] SQ12[4:0] SQ11[4:0] SQ10[4:0]
Reset value 0OfO0fOJO[O 0ofoJoJ0Of[oO o[oJO0JO0]O 0JoJoJoJoO 0JoJOJOJoO
0x3C ADCx_SQR4 SQ16[4:0] SQ15[4:0]
Reset value 0OJoJoJoJoO 0JOJOJOJO
x40 ADCx_DR regular RDATA[15:0]
Reset value ofofo{0o|o|]O|O|OfO[O|O|O]O|O|OfO
0x44-
0x48 Reserved
g
ADCx_JSQR JSQ4[4:0] JSQ3[4:0] JSQ2[4:0] JSQ1[4:0] E JEXT_SE" JL[1:0]
0x4C = [3:0]
n
Reset value 0|0|0|0|0 0]0|0|0|0 0|0|0|0|0 0|0|0|0|0 0]0 0|0|0|0 0|0
0x50- Reserved
0x5C
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Table 97. ADC register map and reset values for each ADC (offset=0x000
for master ADC, 0x100 for slave ADC, x=1..2) (continued)

Offset| Register |5/3||a|K|8|8|3|R| | c|g|2|2|x|ee|2|e|z|2|o|o|~|o|n|+|o|~||o
z
Y,
= OFFSET1_ )
0x60 ADCx_OFR1 ByJ CH[4:0] OFFSET1[11:0]
[T
[T
O
Reset value 00|0|0|0|0 0|0|0|0|0|0|0|0|0|0|0|0
z
,
N OFFSET2
[y - .
ox6a | ADCX_OFR2 b CHA0] OFFSET2[11:0]
[T
[T
O
Reset value OJoJOJoOJO]O OJOJOJOJOJOJOJOJOJOJO]O
E|
s OFFSET3
[y _ .
0x68 ADCx_OFR3 ByJ CH[4:0] OFFSET3[11:0]
[T
[T
O
Reset value 00|0|0|0|0 0|0|0|0|0|0|0|0|0|0|0|0
z
Y,
= OFFSET4
[l - .
ox6c | ADCx_OFR4 by CHA0] OFFSET4[11:0]
[T
[T
O
Reset value OJoJOoJoJoO]O OJOJOJOJOJOJOJOJOJOJO]O
Ox70- Reserved
0x7C
oxgo | ADCX_JDR1 JDATA1[15:0]
Reset value 0J0[0J0[O0J0J0JOJ0[0J0[0]O[0]0]O0
oxga | ADCX_JDR2 JDATA2[15:0]
Reset value 0|O|0|O|0|0|O|0|O|0|0|O|0|0|0|0
oxgs | ADCx_JDR3 JDATA3[15:0]
Reset value O[O0JOJOJOJOJOJOJOJOJOJOJOJOJOJO
oxgc | ADCx_JDR4 JDATA4[15:0]
Reset value 0J0[0J0[0J0J0J0J0[0J0[0]0[0]0]O0
Ox8C- Reserved
0x9C
O0xAO ADCx_AWD2CR AWD2CH][18:1]
Reset value O[OJOJOJOJOJOJOJOJOJOJOJOJOJOJOJOJO
OxA4 ADCx_AWD3CR AWD3CH[18:1]
Reset value ofojojo|Jo|ofofOof[OjO|]O]O|OfOfO[O|O]O
0xA8-
OXAC Reserved
oxB0 | ADCX_DIFSEL DIFSEL[18:1]
Reset value 0J0J0J0[0J0[0]0[0]0[0[0J0[0[0[0]O]0
oxg4 |ADCX_CALFACT CALFACT_DI6:0] CALFACT_S[6:0]
Reset value O|0|0|O|0|O|0 0|0|O|0|0|0|0
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Table 98. ADC register map and reset values (master and slave ADC
common registers) offset =0x300, x=1 or 34)

offset| Register |5/3|](%|x|8|e|3(2|8|5(]|2/2 /|0l |2|8|c|2]o o~ |o|0]<|o|~| o
3333>3>>>33 555555%»—&55
> |3 |3 |2 |5 |3 |7 |7 |3 |22 =122 5521212121313
ADCx_CSR Ll a5 2 | e o o' & B ¢lel o |22 |92 o Sz
& olalo alo o
000 SIEIEIZIRE 3125 (8|5 SEEERIEBIZISIEIE
S|P P w |< S <27 m|<
slave ADC2 master ADC1
Reset value 0[0[0[0[0[0[0[0[0]0 0[0[0]0[0]0[0]0[0]0
0x04 Reserved
=) —
z z = e |0
ADCx_CCR B & | 41z s DELAY([3:0] DUAL[4:0]
0x08 - g2 S |2 2
> > < s o
@)
Reset value 0[0]O0 O|0 0|00 0‘0|O|0 O|0‘0|0‘0
0x0C_|_ADCX_CDR RDATA_SLV[15:0] RDATA_MST[15:0]
Reset value O|0|O|0|O|O|0|O|0|O|0|0|0|0|0|0 0|O|0|O|0|0|O|0|0|0|0|0|0|0|0|0

Refer to Section 3.2 on page 51 for the register boundary addresses.
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Digital-to-analog converter (DAC1)

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. An input reference voltage,
Vrer+(shared with ADC), is available. The output can optionally be buffered for higher
current drive.

DAC1 main features
e DACH1 integrates one 12-bit DAC channel DAC1_OUT1

The DAC main features are the following:

e Left or right data alignment in 12-bit mode
e  Synchronized update capability

e Noise-wave generation

e  Triangular-wave generation

e  DMA capability for each channel

e  DMA underrun error detection

e  External triggers for conversion

e  Programmable internal buffer

e Input voltage reference, Vppa

Figure 111 shows the block diagram of the DAC1 channel and Table 99 gives the pin
description.
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Figure 111. DAC1 block diagram

DAC control register
TSELX[2:0] bits ,
SWTRIGx —]
TIM6_TRGO — &
mle DMAENx
TIM3_TRGO—{§
TIM2_TRGO —{ &
Ol =
TIM4_TRGO {8
TIM15_TRGO -~
1 ) L
EXTI_9 [ i 4 DMA requestx
L »
Control logicx
12-bit 9 «—TENX
e -
LFSRx <« MAMP X[3:0] bits
| WAVEX [1:0] bits
12-bit BOFF
DORXx
T 12-bit
NZ
Vooa [ ]
v Digital-to-analog :|DACx OUTy
SSA converterx -
VREF+
MS32667V1

1. TIM3_TRGO and TIM4_TRGO are only available on STM32F302xB/C/D/E devices.

Table 99. DACXx pins

Name Signal type Remarks
Vppa Input, analog supply Analog power supply
Vssa Input, analog supply ground Ground for analog power supply
DAC1_OUT1 Analog output signal DAC1 channel 1 analog output

Once the DAC1 channel 1 is enabled, the corresponding GPIO pin (PA4) is automatically
connected to the analog converter output (DACx_OUTy). In order to avoid parasitic
consumption, the PA4, pin should first be configured to analog (AIN).

DAC output buffer enable

The DAC integrates one output buffer that can be used to reduce the output impedance on
DAC1_OUT1 output, and to drive external loads directly without having to add an external
operational amplifier.

The DAC channel output buffer can be enabled and disabled through the BOFF1 bit in the
DAC_CR register.
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Note:

16.5

16.5.1

16.5.2

3

DAC channel enable

The DAC channel can be powered on by setting the EN1 bit in the DAC_CR register. The
DAC channel is then enabled after a startup time tyakeup-

The EN1 bit enables the analog DAC Channel macrocell only. The DAC Channel digital
interface is enabled even if the EN1 bit is reset.

Single mode functional description

DAC data format

There are three possibilities:

e  8-bit right alignment: the software has to load data into the DAC_DHR8RXx [7:0] bits
(stored into the DHRx[11:4] bits)

e 12-bit left alignment: the software has to load data into the DAC_DHR12Lx [15:4] bits
(stored into the DHRx[11:0] bits)

) 12-bit right alignment: the software has to load data into the DAC_DHR12Rx [11:0] bits
(stored into the DHRx[11:0] bits)

Depending on the loaded DAC_DHRYyyyx register, the data written by the user is shifted and
stored into the corresponding DHRx (data holding registerx, which are internal non-memory-
mapped registers). The DHRXx register is then loaded into the DORX register either
automatically, by software trigger or by an external event trigger.

Figure 112. Data registers in single DAC channel mode

31 24 15 7 0

8-bit right aligned

12-bit left aligned

12-bit right aligned

ai14710b

DAC channel conversion

The DAC_DORX cannot be written directly and any data transfer to the DAC channelx must
be performed by loading the DAC_DHRXx register (write to DAC_DHR8Rx, DAC_DHR12Lx,
DAC_DHR12RXx).

Data stored in the DAC_DHRXx 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). However, when a hardware trigger is selected (TENXx bit in DAC_CR
register is set) and a trigger occurs, the transfer is performed three PCLK1 clock cycles
later.

When DAC_DORXx is loaded with the DAC_DHRXx contents, the analog output voltage
becomes available after a time tge17 NG that depends on the power supply voltage and the
analog output load.

RMO0365 Rev 8 399/1086




Digital-to-analog converter (DAC1) RMO0365

16.5.3

400/1086

Figure 113. Timing diagram for conversion with trigger disabled TEN =0

APB1_CLK|||||||||||||||

DHR |0x1AC )|

1
1
T Output voltage
DOR : Ox1AC |_—" available on DAC_OUT pin
1

le——ISETTLING — ai14711b

Independent trigger with single LFSR generation

To configure the DAC in this conversion mode (see Section 16.6: Noise generation), the
following sequence is required:

1. Set the DAC channel trigger enable bit TENx.
2. Configure the trigger source by setting TSELx[2:0] bits.

3. Configure the DAC channel WAVEX[1:0] bits as “01” and the same LFSR mask value in
the MAMPx[3:0] bits

4. Load the DAC channel data into the desired DAC_DHRX register (DHR12RD,
DHR12LD or DHR8RD).

When a DAC channelx trigger arrives, the LFSRx counter, with the same mask, is added to
the DHRXx register and the sum is transferred into DAC_DORXx (three APB clock cycles
later). Then the LFSRx counter is updated.

Independent trigger with single triangle generation

To configure the DAC in this conversion mode (see Section 16.7: Triangle-wave generation),

the following sequence is required:

1. Set the DAC channelx trigger enable TENXx bits.

2. Configure the trigger source by setting TSELx[2:0] bits.

3. Configure the DAC channelx WAVEX[1:0] bits as “1x” and the same maximum
amplitude value in the MAMPX[3:0] bits

4. Load the DAC channelx data into the desired DAC_DHRX register. (DHR12RD,
DHR12LD or DHR8RD).

When a DAC channelx trigger arrives, the DAC channelx triangle counter, with the same
triangle amplitude, is added to the DHRX register and the sum is transferred into
DAC_DORXx (three APB clock cycles later). The DAC channelx triangle counter is then
updated.

DAC output voltage

Digital inputs are converted to output voltages on a linear conversion between 0 and Vrgg+
(or Vppa depending on the package).

The analog output voltages on each DAC channel pin are determined by the following
equation:

DACoutput = Vgeps DOR

* 4096
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Note: (Vrer+ is replaced by Vppa on the 64-, 49-, 48- and 32-pin packages)
16.5.4 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 possible
events will trigger conversion as shown in Table 100.
Table 100. External triggers (DAC1)
Source Type TSEL[2:0]
TIM6_TRGO event 000
TIM3_TRGO event(") 001
Reserved Internal signal from on-chip 010
TIM15_TRGO event timers 01
TIM2_TRGO event 100
TIM4_TRGO event 101
EXTI line9 External pin 110
SWTRIG Software control bit 111
1. To select TIM3_TRGO event as DAC1 trigger source, the DAC_ TRIG_RMP bit must be set in
SYSCFG_CFGR1 register.
Each time a DAC interface detects a rising edge on the selected timer TRGO output, or on
the selected external interrupt line 9, the last data stored into the DAC_DHRX register are
transferred into the DAC_DORX 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_DHRXx register contents.
Note: TSELx[2:0] bit cannot be changed when the ENx bit is set. When software trigger is

3

selected, the transfer from the DAC_DHRXx register to the DAC_DORX register takes only
one APB1 clock cycle.
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Noise generation

In order to generate a variable-amplitude pseudonoise, an LFSR (linear feedback shift
register) is available. DAC noise generation is selected by setting WAVEX[1:0] to “01”. The
preloaded value in LFSR is OxAAA. This register is updated three APB clock cycles after
each trigger event, following a specific calculation algorithm.

Figure 114. DAC LFSR register calculation algorithm

ai14713c

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_DHRXx contents without overflow and this
value is then stored into the DAC_DORKX 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.

Figure 115. DAC conversion (SW trigger enabled) with LFSR wave generation

DHR X 0x00

DOR x OXAAA

SWTRIG I_l I_l

ai14714b

The DAC trigger must be enabled for noise generation by setting the TENXx bit in the
DAC _CR register.

3
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3

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 MAMPXx[3:0] bits in the DAC_CR register. An internal triangle counter
is incremented three APB clock cycles after each trigger event. The value of this counter is
then added to the DAC_DHRXx register without overflow and the sum is stored into the
DAC_DORKX register. The triangle counter is incremented as long as it is less than the
maximum amplitude defined by the MAMPXx[3:0] bits. Once the configured amplitude is
reached, the counter is decremented down to 0, then incremented again and so on.

It is possible to reset triangle wave generation by resetting the WAVEX[1:0] bits.

Figure 116. DAC triangle wave generation

A
MAMPX[3:0] max amplitude T
+ DAC_DHRXx base value

DAC_DHRx base value

\

ai14715¢

Figure 117. DAC conversion (SW trigger enabled) with triangle wave generation
APB1_CLK||||||||||I|JUUUUUUUUUUUU|

1
|
DHR XOXABE

DOR

x 0XACO

1
1
1
T
1
1
1
:
X OXABF
1
1

SWTRIG

ai14716b

The DAC trigger must be enabled for triangle generation by setting the TENXx bit in the
DAC_CR register.

The MAMPXx[3:0] bits must be configured before enabling the DAC, otherwise they cannot
be changed.
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DMA request

The DAC channel has a DMA capability. One DMA channel is used to service DAC channel
DMA requests.

A DAC DMA request is generated when an external trigger (but not a software trigger)
occurs while the DMAENKX bit is set. The value of the DAC_DHRX register is then transferred
to the DAC_DORKX register.

DMA underrun

The DAC DMA request is not queued so that if a second external trigger arrives before the
acknowledgment for the first external trigger is received (first request), then no new request
is issued and the DMA channelx underrun flag DMAUDRX in the DAC_SR register is set,
reporting the error condition. DMA data transfers are then disabled and no further DMA
request is treated. The DAC channelx continues to convert old data.

The software should clear the DMAUDRX flag by writing “1”, clear the DMAEN bit of the
used DMA stream and re-initialize both DMA and DAC channelx to restart the transfer
correctly. The software should modify the DAC trigger conversion frequency or lighten the
DMA workload to avoid a new DMA. Finally, the DAC conversion can be resumed by
enabling both DMA data transfer and conversion trigger.

An interrupt is also generated if the corresponding DMAUDRIE1 bit in the DAC_CR register
is enabled.

3
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16.9 DAC registers

Refer to Section 2.2 on page 45 for a list of abbreviations used in register descriptions.

The peripheral registers have to be accessed by words (32-bit).

16.9.1 DAC control register (DAC_CR)

Address offset: 0x00
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
DMAU | DMA . . .
DRIE1 | EN1 MAMP1[3:0] WAVE1[1:0] TSEL1[2:0] TEN1 | BOFF1 | EN1
w w w | w | w | w rw | rw w | w | w rw rw w

Bits 31:14 Reserved, must be kept at reset value.

Bit 13 DMAUDRIE1: DAC channel1 DMA Underrun Interrupt enable
This bit is set and cleared by software.
0: DAC channel1 DMA Underrun Interrupt disabled
1: DAC channel1 DMA Underrun Interrupt enabled
Bit 12 DMAEN1: DAC channel1 DMA enable
This bit is set and cleared by software.
0: DAC channel1 DMA mode disabled
1: DAC channel1 DMA mode enabled

Bits 11:8 MAMP1[3:0]: DAC channel1 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

Bits 7:6 WAVE1[1:0]: DAC channel1 noise/triangle wave generation enable
These bits are set and cleared by software.

00: Wave generation disabled
01: Noise wave generation enabled
1x: Triangle wave generation enabled

Note: Only used if bit TEN1 = 1 (DAC channel1 trigger enabled).

3

RMO0365 Rev 8

405/1086




Digital-to-analog converter (DAC1) RMO0365

Bits 5:3 TSEL1[2:0]: DAC channel1 trigger selection
These bits select the external event used to trigger DAC channel1.
000: Timer 6 TRGO event
001: Timer 3 TRGO event depending on the value of DAC_TRIG_RMP bit in
SYSCFG_CFGR1 register (STM32F302x6/8 only)
010: Reserved
011: Timer 15 TRGO event
100: Timer 2 TRGO event
101: Timer 4 TRGO event (STM32F302x6/8 only)
110: EXTl line9
111: Software trigger

Note: Only used if bit TEN1 = 1 (DAC channel1 trigger enabled).

Bit 2 TEN1: DAC channell trigger enable
This bit is set and cleared by software to enable/disable DAC channel1 trigger.

0: DAC channel1 trigger disabled and data written into the DAC_DHRX register are
transferred one APB1 clock cycle later to the DAC_DOR1 register

1: DAC channel1 trigger enabled and data from the DAC_DHRX register are transferred
three APB1 clock cycles later to the DAC_DOR1 register

Note: When software trigger is selected, the transfer from the DAC_DHRXx register to the
DAC_DORT1 register takes only one APB1 clock cycle.

Bit 1 BOFF1: DAC channel1 output buffer disable

This bit is set and cleared by software to enable/disable DAC channel1 output buffer.

0: DAC channel1 output buffer enabled
1: DAC channel1 output buffer disabled

Bit 0 EN1: DAC channel1 enable
This bit is set and cleared by software to enable/disable DAC channeli.

0: DAC channel1 disabled
1: DAC channel1 enabled

3
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16.9.2 DAC software trigger register (DAC_SWTRIGR)
Address offset: 0x04
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SWTRIG1
w
Bits 31:1 Reserved, must be kept at reset value.
Bit 0 SWTRIG1: DAC channel1 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 cleared by hardware (one APB1 clock cycle later) once the DAC_DHR1
register value has been loaded into the DAC_DOR1 register.
16.9.3 DAC channel1 12-bit right-aligned data holding register

(DAC_DHR12R1)

Address offset: 0x08

Reset value: 0x0000 0000
16

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DACC1DHR[11:0]

3

Bits 31:12 Reserved, must be kept at reset value.

Bits 11:0 DACC1DHR[11:0]: DAC channel1 12-bit right-aligned data
These bits are written by software which specifies 12-bit data for DAC channel1.
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16.9.4 DAC channel1 12-bit left-aligned data holding register
(DAC_DHR12L1)

Address offset: 0x0C
Reset value: 0x0000 0000

31 3 20 28 27 26 25 24 23 2 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DACC1DHR[11:0] v

Bits 31:16 Reserved, must be kept at reset value.

Bits 15:4 DACC1DHR[11:0]: DAC channel1 12-bit left-aligned data
These bits are written by software which specifies 12-bit data for DAC channel1.

Bits 3:0 Reserved, must be kept at reset value.
16.9.5 DAC channel1 8-bit right-aligned data holding register
(DAC_DHRS8R1)

Address offset: 0x10
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DACC1DHR[7:0]

Bits 31:8 Reserved, must be kept at reset value.

Bits 7:0 DACC1DHR[7:0]: DAC channel1 8-bit right-aligned data
These bits are written by software which specifies 8-bit data for DAC channel1.
16.9.6 DAC channel1 data output register (DAC_DOR1)
Address offset: 0x2C
Reset value: 0x0000 0000

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

15 14 13 12 11 10 9 8 7 6 5
DACC1DOR[11:0]
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Bits 31:12 Reserved, must be kept at reset value.

Bits 11:0 DACC1DOR[11:0]: DAC channel1 data output
These bits are read-only, they contain data output for DAC channeli.
16.9.7 DAC status register (DAC_SR)

Address offset: 0x34
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DMAUDR1
rc_w1

Bits 31:14 Reserved, must be kept at reset value.

Bit 13 DMAUDR1: DAC channel1 DMA underrun flag
This bit is set by hardware and cleared by software (by writing it to 1).

0: No DMA underrun error condition occurred for DAC channel1
1: DMA underrun error condition occurred for DAC channel1 (the currently selected trigger is
driving DAC channel1 conversion at a frequency higher than the DMA service capability rate)

Bits 12:0 Reserved, must be kept at reset value.

3
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16.9.8 DAC register map

Table 101 summarizes the DAC registers.

Table 101. DAC register map and reset values

Register
Offset ngme =8 RNIQR I QN S|RSR =R T2 E 2|0~ ov|¢|m N0
wl g g =
g & fach = &, ok =
DAC_CR Sl < a Y 5 a5l 2
0x00 | = s <>( o = g w
=) < s fQ
a =
Reset value o(fojojofofojojo|jo|ofO0|jOjOf|oO
o
DAC_ o
0x04 SWTRIGR S
w
Reset value 0
DAC_ .
0x08 DHR1R DACC1DHR[11:0]
Reset value O‘O‘O‘O|O‘O‘O‘OOOOO
DAC_ .
oo DHR19L1 DACC1DHR[11:0]
Reset value ofojojofofojojoO|oO I 0 ‘ 0 I 0
DAC_ )
oxt0 DHRSRA DACC1DHR[7:0]
Reset value 0‘0‘0‘0‘0|0‘0|0
DAC_DOR1 DACC1DOR[11:0]
0x2C
Reset value o|lojo|lo|oflo|o|lo|o|o]|O]|O
x
=]
DAC_SR 2
0x34 =
a
Reset value 0
Refer to Section 3.2 on page 51 for the register boundary addresses.
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Comparator (COMP)

Introduction

STM32F302xB/C/D/E embed four general purpose comparators that can be used either as
standalone devices (all terminal are available on 1/0s) or combined with the timers.
STM32F302x6/8 embed three comparators, COMP2, COMP4 and COMP&6.

STM32F302xx embed four general purpose comparators COMP1, COMP2, COMP4 and
COMP&6 that can be used either as standalone devices (all terminal are available on 1/0s) or
combined with the timers.

The comparators can be used for a variety of functions including:

Wakeup from low-power mode triggered by an analog signal,
Analog signal conditioning,

Cycle-by-cycle current control loop when combined with the DAC and a PWM output
from a timer.

COMP main features

Rail-to-rail comparators

Each comparator has positive and configurable negative inputs used for flexible voltage
selection:

—  Multiplexed I/O pins
— DAC1 channel 1

— Internal reference voltage and three submultiple values (1/4, 1/2, 3/4) provided by
scaler (buffered voltage divider)

Programmable speed / consumption (only on STM32F302xBxC)
Programmable hysteresis (only on STM32F302xBxC)

The outputs can be redirected to an I/O or to timer inputs for triggering:
—  Capture events

— OCREF_CLR events (for cycle-by-cycle current control)

—  Break events for fast PWM shutdowns

COMP1 and COMP2 comparators can be combined in a window comparator. This
applies to STM32F302xB/C devices only.

Comparator outputs with blanking source

Each comparator has interrupt generation capability with wakeup from Sleep and Stop
modes (through the EXTI controller)
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COMP functional description

COMP block diagram

The block diagram of the comparators is shown in Figure 118: Comparator 1 and 2 block

diagrams.

Figure 118. Comparator 1 and 2 block diagrams
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TIM3_IC1
TIM3_OCREF_CLR
TIM1_BKIN2

TIM1_BKIN2

PA2/PAT7 /PA12/PB9

COMP interrupt request
(to EXTI)

TIM1_OCREF_CLR
TIM1_IC1

TIM2_IC4
TIM2_OCREF_CLR
TIM3_IC1®
TIM3_OCREF_CLR®¥
TIM1_BKIN2
TIM1_BKIN2

MS34232v4

El o

Available only on STM32F302xB/C.
Window mode is not supported on STM32F302x6/8/D/E.
COMP1 is not available on STM32F302x6/8.
Available only on STM32F302xB/C/D/E.

COMP pins and internal signals

The 1/Os used as comparators inputs must be configured in analog mode in the GPIOs

registers.

The comparator output can be connected to the I/Os using the alternate function channel
given in “Alternate function mapping” table in the datasheet.

The table below summarizes the I/Os that can be used as comparators inputs and outputs.
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The output can also be internally redirected to a variety of timer input for the following

purposes:

e  Emergency shut-down of PWM signals, using BKIN and BKINZ2 inputs
e  Cycle-by-cycle current control, using OCREF_CLR inputs
e Input capture for timing measures

It is possible to have the comparator output simultaneously redirected internally and

externally.

Table 102. STM32F302xB/C/D/E comparator input/outputs summary

Comparator input/outputs

COMP1 COMP2 COMP4 COMP6
DAC1_CH1
_Comparator Vrefint
|nvert|ng.|nput. 3, Vrefint
connection to ; )
internal signals 72 Vrefint
Ya Vrefint
) 1) +: PBO +: PB11
Comparatorinputs +: PA1 +: PA3 + PE7( + PD11(M
+: PA7
connected to /Os - PAO - PB2 - PB15
(+: non inverting -1 PA2
input; - PA4 - PA4 - PE8 - PD10
- inverting input) - PAS - PAS - PA4 -1 PA4
' - PA5 - PA5
Comparator T1BKIN
outputs (motor T1BKIN2
control protection) T1BKIN2
PAO
PE4 PA2
PA7(1) PA10
Output: I PA PB1
utputs on 1/Os F)A161 PA12 PCE
PB9
PB8
TIMA1 fCl
Tl—ﬁfrﬁj ear TIM3_IC3 TIM2_IC2
Outouts to ints | TIM2_IC4 TIM3_OCrefClear | TIM2_OCrefClear
u pusisg:allns erna TIM2. OCrerClear TIM4_1C2 TIM16_OCrefClear
TI_M3 IC1 TIM15_OCrefClear TIM16_IC1
T TIM15_IC2 TIM4_IC4
TIM3_OCrefClear -IC IC
1. Only on STM32F302xB/C devices.
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17.3.3

17.3.4

414/1086

Table 103. STM32F302x6/8 comparator input/outputs summary

Comparator input/outputs
COMP2 COMP4 COMP6
DAC1_CH1
Comparator inverting Vrefint
Input: connection to Y4 Vrefint
internal signals % Vrefint
Ya Vrefint
Comparator Inputs + PA7 + PBO + PB11
connected o [/0s - PA2 - PB2 - PB15
(+: noninverting input; ) ) )
- inverting input) - PA4 - PA4 - PA4
Conpareo ouput
protection) T1BKIN2
PA2
PA12 PA10
Outputs on I/Os PB12 PB1 PCE
TIM1_OCREF_CLR TIM2_IC2
) | TIM1_IC1 TIM15_OCREF_CLR TIM2_OCREF_CLR
O“tpustisgfa'lgtema TIM2_IC4 TIM15_IC2 TIM16_OCREF_CLR
TIM2_OCREF_CLR TIM16_IC1

COMP reset and clocks

The COMP clock provided by the clock controller is synchronous with the PCLK2 (APB2
clock).

There is no clock enable control bit provided in the RCC controller. To use a clock source for
the comparator, the SYSCFG clock enable control bit must be set in the RCC controller.

Important: The polarity selection logic and the output redirection to the port works
independently from the PCLK2 clock. This allows the comparator to work even in Stop
mode.

Comparator LOCK mechanism

The comparators can be used for safety purposes, such as over-current or thermal
protection. For applications having specific functional safety requirements, it is necessary to
insure that the comparator programming cannot be altered in case of spurious register
access or program counter corruption.

For this purpose, the comparator control and status registers can be write-protected (read-
only).
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17.3.5

17.3.6

3

Once the programming is completed, using bits 30:0 of COMPx_CSR, the COMPx LOCK bit
can be set to 1. This causes the whole COMPx_CSR register to become read-only,
including the COMPx LOCK bit.

The write protection can only be reset by a MCU reset.

Hysteresis (STM32F302xBxC only)

The comparator includes a programmable hysteresis to avoid spurious output transitions in
case of noisy signals. The hysteresis can be disabled if it is not needed (for instance when
exiting from low-power mode) to be able to force the hysteresis value using external
components.

Comparator output blanking function

The purpose of the blanking function is to prevent the current regulation to trip upon short
current spikes at the beginning of the PWM period (typically the recovery current in power
switches anti parallel diodes).It consists of a selection of a blanking window which is a timer
output compare signal. The selection is done by software (refer to the comparator register
description for possible blanking signals). Then, the complementary of the blanking signal is
ANDed with the comparator output to provide the wanted comparator output. See the
example provided in the figure below.

Figure 119. Comparator output blanking

PWM 1 ¢

Current limit i

Current —v

Raw comp output

Blanking window

Final comp output

Comp out
Comp out (to TIM_BK ...)
Blank —QO

MS30964V1
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17.3.7 Power mode (STM32F302xB/C only)

The comparator power consumption versus propagation delay can be adjusted to have the
optimum trade-off for a given application.The bits COMPxMODE[1:0] in COMPx_CSR
registers can be programmed as follows:

e 00: High speed / full power

e 01: Medium speed / medium power
e 10: Low speed / low-power

) 11: Very-low speed / ultra-low-power

17.4 COMP interrupts

The comparator outputs are internally connected to the Extended interrupts and events
controller. Each comparator has its own EXTI line and can generate either interrupts or
events. The same mechanism is used to exit from low-power modes.

Refer to Interrupt and events section for more details.

17.5 COMP registers

17.51 COMP1 control and status register (COMP1_CSR)
Note: This register is available in STM32F302xB/C/D/E only

Address offset: 0x1C

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 2 21 20 19 18 17 16
COMP1 | COMP1 COMP1_ COMP1HYST
LOCK | ouT BLANKING [1:0/M
rwo r w | w | w rw | w |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CcompP
CoMP COMP1OUTSEL COMP1INMsSELz0) |~ COMPIMODE 1 "iyp | COMP
POL [1:0/™M 1EN
DAC

1. Only in STM32F302xB/C.

Bit 31 COMP1LOCK: Comparator 1 lock
This bit is write-once. It is set by software. It can only be cleared by a system reset.
It allows to have COMP1_CSR register as read-only.
0: COMP1_CSR is read-write.
1: COMP1_CSR is read-only.

Bit 30 COMP10UT: Comparator 1 output
This read-only bit is a copy of comparator 1output state.
0: Output is low (non-inverting input below inverting input).
1: Output is high (non-inverting input above inverting input).

Bits 29:21 Reserved, must be kept at reset value.

3
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Bits 20:18

Bits 17:16

Bit 15

Bit 14
Bits 13:10

Bits 9:7
Bits 6:4

3

COMP1_BLANKING: Comparator 1 blanking source
These bits select which Timer output controls the comparator 1 output blanking.
000: No blanking
001: TIM1 OCS5 selected as blanking source
010: TIM2 OC3 selected as blanking source
011: TIM3 OC3 selected as blanking source
Other configurations: reserved

COMP1HYST[1:0] Comparator 1 hysteresis
These bits control the hysteresis level.
00: No hysteresis
01: Low hysteresis
10: Medium hysteresis
11: High hysteresis
Please refer to the electrical characteristics for the hysteresis values.

COMP1POL: Comparator 1 output polarity

This bit is used to invert the comparator 1 output.
0: Output is not inverted
1: Output is inverted

Reserved, must be kept at reset value.

COMP10OUTSEL[3:0]: Comparator 1 output selection
These bits select which Timer input must be connected with the comparator1 output.
0000: No selection
0001: (BRK_ACTH) Timer 1 break input
0010: (BRK2) Timer 1 break input 2
0101: Timer 1 break input 2
0110: Timer 1 OCrefclear input
0111: Timer 1 input capture 1
1000: Timer 2 input capture 4
1001; Timer 2 OCrefclear input
1010: Timer 3 input capture 1
1011: Timer 3 OCrefclear input
Remaining combinations: reserved.

Note: Depending on the product, when a timer is not available, the corresponding combination is

reserved.
Reserved, must be kept at reset value.

COMP1INMSEL[2:0]: Comparator 1 inverting input selection
These bits allows to select the source connected to the inverting input of the comparator 1.
000: 1/4 of Vrefint
001: 1/2 of Vrefint
010: 3/4 of Vrefint
011: Vrefint
100: PA4 or DAC1 output if enabled
101: PA5
110: PAO
111: Reserved

RMO0365 Rev 8
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Bits 3:2 COMP1MODE[1:0]: Comparator 1 mode

These bits control the operating mode of the comparator1 and allows to adjust the
speed/consumption.

00: High speed
01: Medium speed
10: Low-power
11: Ultra-low-power

Bit 1 COMP1_INP_DAC: Comparator 1 non inverting input connection to DAC output.

This bit closes a switch between comparator 1 non-inverting input (PAO) and DAC out I/O (PA4).
0: Switch open

1: Switch closed

Note: This switch is solely intended to redirect signals onto high impedance input, such as COMP1
non-inverting input (highly resistive switch).

Bit 0 COMP1EN: Comparator 1 enable

This bit switches COMP1 ON/OFF.
0: Comparator 1 disabled
1: Comparator 1 enabled

17.5.2 COMP2 control and status register (COMP2_CSR)
Address offset: 0x20
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
COMP | COMP COMP2HYST
2LOCK | 20UT COMP2_BLANKING[2:0] [1:0])

rwo r w | w | w w | w |

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

COMP2
COMP2 COMP2
COMP WIN COMP2MODE COMP2
: INPSEL : INP_D
2POL COMP20UTSEL[3:0] MODE ; COMP2INMSEL[2:0] (1:0]) N EN
) 1) AC®)

1. Only in STM32F302xB/C devices.
2. Not available in STM32F302x6/8/D/E devices.
3. Only in STM32F302x6/8 devices.

Bit 31 COMP2LOCK: Comparator 2 lock

This bit is write-once. It is set by software. It can only be cleared by a system reset.
It allows to have COMP2_CSR register as read-only.

0: COMP2_CSR is read-write.

1: COMP2_CSR is read-only.

Bit 30 COMP20OUT: Comparator 2 output

This read-only bit is a copy of comparator 1output state.
0: Output is low (non-inverting input below inverting input).
1: Output is high (non-inverting input above inverting input).

Bits 29:21 Reserved, must be kept at reset value.

3

418/1086 RMO0365 Rev 8




RMO0365

Comparator (COMP)

Bits 20:18

Bits 17:16

Bit 15

Bit 14
Bits 13:10

Bit 9

Bit 8
Bit 7

3

COMP2_BLANKINGJ[2:0]: Comparator 2 output blanking source

These bits select which Timer output controls the comparator 1 output blanking.
000: No blanking

001: TIM1 OCS5 selected as blanking source

010: TIM2 OC3 selected as blanking source

011: TIM3 OC3 selected as blanking source

Other configurations: reserved

COMP2HYST[1:0]: Comparator 2 Hysteresis

On the STM32F302xB/C, these bits control the hysteresis level.
00: No hysteresis

01: Low hysteresis

10: Medium hysteresis

11: High hysteresis

Please refer to the electrical characteristics for the hysteresis values.
On the STM32F302x6/8, these bits are reserved and must be kept at reset value.

COMP2POL.: Comparator 2 output polarity

This bit is used to invert the comparator 2 output.
0: Output is not inverted
1: Output is inverted

Reserved, must be kept at reset value.

COMP20OUTSEL[3:0]: Comparator 2 output selection

These bits select which Timer input must be connected with the comparator2 output.
0000: No selection

0001: (BRK_ACTH) Timer 1 break input
0010: (BRK2) Timer 1 break input 2
0011: Reserved

0100: Reserved

0101: Timer 1 break input2

0110: Timer 1 OCREF_CLR input

0111: Timer 1 input capture 1

1000: Timer 2 input capture 4

1001: Timer 2 OCREF_CLR input

1010: Timer 3 input capture 1

1011: Timer 3 OCrefclear input
Remaining combinations: reserved.

Note: Depending on the product, when a timer is not available, the corresponding combination is

reserved.

COMP2WINMODE: Comparator 2 window mode (only in STM32F302xB/C devices)

This bit selects the window mode: Both non inverting inputs of comparators share the non inverting
input of Comparator 1 (PA1).

0: Comparators 1 and 2 can not be used in window mode.
1: Comparators 1 and 2 can be used in window mode.

Reserved, must be kept at reset value.

COMP2INPSEL: Comparator 2 non inverting input selection (Only in STM32F302xB/C devices)

0: PA7 is selected.
1: PA3 is selected.
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Note: On STM32F302x6/x8 and STM32F302xD/E, this bit is reserved. COMP2_VINP is available on
PA3 whatever value is written in bit 7.

Bits 6:4 COMP2INMSEL[2:0]: Comparator 2 inverting input selection
These bits allows to select the source connected to the inverting input of the comparator 2.
0000: 1/4 of Vrefint
0001: 1/2 of Vrefint
0010: 3/4 of Vrefint
0011: Vrefint
0100: PA4 or DAC1_CH1 output if enabled
0101: PA5 (only on STM32F302xB/C/D/E)
0110: PA2
Remaining combinations: reserved.

Bits 3:2 COMP2MODE([1:0]: Comparator 2 mode (only in STM32F302xB/C devices)
These bits control the operating mode of the comparator2 and allows to adjust the
speed/consumption.
00: High speed
01: Medium speed
10: Low-power
11: Ultra-low-power

Bit 1 COMP2_INP_DAC: Comparator 2 non inverting input connection to DAC output. (STM32F302x6/8
devices only)

This bit closes a switch between comparator 2 non-inverting input and DAC out 1/0.
0: Switch open
1: Switch closed
This switch is solely intended to redirect signals onto high impedance input, such as COMP2 non-
inverting input (highly resistive switch)
Bit 0 COMP2EN: Comparator 2 enable
This bit switches COMP2 ON/OFF.
0: Comparator 2 disabled
1: Comparator 2 enabled

17.5.3 COMP4 control and status register (COMP4_CSR)

Address offset: 0x28
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
COMP | COMP _ COMPA4HYST
aLock | aouT COMP4_BLANKING[2:0] o

rwo r rw | rw | w rw | rw |

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

COMP4
COMP COMP4MODE COMP4
. INPSEL :
aPOL COMP4OUTSEL[3:0] °S COMP4INMSEL[2:0] o™ EN

1. Only in STM32F302xB/C.

3
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Bit 31 COMP4LOCK: Comparator 4 lock
This bit is write-once. It is set by software. It can only be cleared by a system reset.
It allows to have COMP4_CSR register as read-only.
0: COMP4_CSR is read-write.
1: COMP4_CSR is read-only.

Bit 30 COMP40UT: Comparator 4 output
This read-only bit is a copy of comparator 4 output state.
0: Output is low (non-inverting input below inverting input).
1: Output is high (non-inverting input above inverting input).

Bits 29: Reserved, must be kept at reset value.

Bits 20:18 COMP4_BLANKING: Comparator 4 blanking source
These bits select which Timer output controls the comparator 4 output blanking.
000: No blanking
001: TIM3 OC4 selected as blanking source
010: Reserved
011: TIM15 OC1 selected as blanking source
Other configurations: reserved, must be kept at reset value

Note: Depending on the product, when a timer is not available, the corresponding combination is
reserved.

Bits 17:16 COMP4HYST[1:0]: Comparator 4 Hysteresis
On the STM32F302xBC, these bits control the hysteresis level.
00: No hysteresis
01: Low hysteresis
10: Medium hysteresis
11: High hysteresis
Please refer to the electrical characteristics for the hysteresis values.
On the STM32F302x6/8 and STM32F302xD/E, , these bits are reserved and must be kept at reset
value.
Bit 15 COMP4POL: Comparator 4 output polarity
This bit is used to invert the comparator 4 output.

0: Output is not inverted
1: Output is inverted

Bit 14 Reserved, must be kept at reset value.

3
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Bits 13:10 COMP40OUTSEL[3:0]: Comparator 4 output selection
These bits select which Timer input must be connected with the comparator4 output.
0000: No timer input selected
0001: (BRK) Timer 1 break input
0010: (BRK2) Timer 1 break input 2
0011: Reserved
0100: Reserved
0101: Timer 1 break input 2
0110: Timer 3 input capture 3
0111: Reserved
1000: Timer 15 input capture 2
1001: Timer 4 input capture 2
1010: Timer 15 OCREF_CLR input
1011: Timer 3 OCrefclear input
Remaining combinations: reserved.

Note: Depending on the product, when a timer is not available, the corresponding combination is
reserved.

Bits 9:8 Reserved, must be kept at reset value.

Bit 7 COMP4INPSEL: Comparator 4 non inverting input selection
0: PBO
1: PE7

Note: On STM32F302x6/8 and STM32F302xD/E, this bit is reserved. COMP4_VINP is available on
PBO whatever value is written in bit 7.

Bits 6:4 COMP4INMSEL[2:0]: Comparator 4 inverting input selection
These bits allows to select the source connected to the inverting input of the comparator 4.
0000: 1/4 of Vrefint
0001: 1/2 of Vrefint
0010: 3/4 of Vrefint
0011: Vrefint
0100: PA4 or DAC1_CH1 output if enabled
0101: PA5 (only on STM32F302xB/C/D/E)
0110: PE8
0111: PB2
Remaining combinations: reserved.

Bits 3:2 COMP4MODE[1:0]: Comparator 1 mode (only in STM32F302xB/C devices)
These bits control the operating mode of the comparator 4 and allows to adjust the
speed/consumption.

00: Ultra-low-power
01: Low-power

10: Medium speed
11: High speed

Bit 1 Reserved, must be kept at reset value.
Bit 0 COMP4EN: Comparator 4 enable
This bit switches COMP4 ON/OFF.

0: Comparator 4 disabled
1: Comparator 4 enabled

3
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17.5.4 COMP6 control and status register (COMP6_CSR)

Address offset: 0x30
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
COMP | COMP | cOMPBHYST[1:0
6LOCK | 6OUT COMP6_BLANKING[2:0] i
rw r w | rw | rw rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
COMP8
COMP COMPBMODE COMP6
: INPSEL :
SPOL COMPBOUTSEL[3:0] °S COMPGINMSEL[2:0] o™ EN

1. Only in STM32F302xB/C devices.

Bit 31 COMP6LOCK: Comparator 6 lock
This bit is write-once. It is set by software. It can only be cleared by a system reset.
It allows to have COMP6_CSR register as read-only.
0: COMP6_CSR is read-write.
1: COMP6_CSR is read-only.

Bit 30 COMP60OUT: Comparator 6 output
This read-only bit is a copy of comparator 6 output state.
0: Output is low (non-inverting input below inverting input).
1: Output is high (non-inverting input above inverting input).
Bits 29: Reserved, must be kept at reset value.

Bits 20:18 COMP6_BLANKING: Comparator 6 blanking source
These bits select which Timer output controls the comparator 6 output blanking.
000: No blanking
001: Reserved
010: Reserved
011: TIM2 OC4 selected as blanking source
100: TIM15 OC2 selected as blanking source
Other configurations: reserved

The blanking signal is active high (masking comparator output signal). It is up to the user to program
the comparator and blanking signal polarity correctly.

Bits 17:16 COMP6HYST[1:0]: Comparator 6 Hysteresis

On the STM32F302xBC, these bits control the hysteresis level.
00: No hysteresis
01: Low hysteresis
10: Medium hysteresis
11: High hysteresis

Please refer to the electrical characteristics for the hysteresis values.

On the STM32F302x6/8, these bits are reserved and must be kept at reset value.

Bit 15 COMP6POL: Comparator 6 output polarity
This bit is used to invert the comparator 6 output.
0: Output is not inverted
1: Output is inverted

Bit 14 Reserved, must be kept at reset value.
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Bits 13:10 COMP60OUTSEL[3:0]: Comparator 6 output selection

Bits 9:8
Bit 7

Bits 6:4

Bits 3:2

Bit 1
Bit0

424/1086

These bits select which Timer input must be connected with the comparator 6 output.

0000: No timer input

0001: (BRK_ACTH) Timer 1 break input
0010: (BRK2) Timer 1 break input 2
0101: Timer 1 break input 2

0110: Timer 2 input capture 2

1000: Timer 2 OCREF_CLR input
1001: Timer 16 OCREF_CLR input
1010: Timer 16 input capture 1

1011: Timer 4 input capture 4

Remaining combinations: reserved.

Note: Depending on the product, when a timer is not available, the corresponding combination is

reserved.

Reserved, must be kept at reset value.

COMPGINPSEL: Comparator 6 non inverting input selection

0: PD11
1: PB11

Note: On STM32F302x6/8 and STM32F302xD/E, this bit is reserved. COMP6_VINP is available on

PB11 whatever value is written on bit 7.

COMPG6INMSEL[2:0]: Comparator 6 inverting input selection
These bits allows to select the source connected to the inverting input of the comparator 6.

0000: 1/4 of Vrefint

0001: 1/2 of Vrefint

0010: 3/4 of Vrefint

0011: Vrefint

0100: PA4 or DAC1_CH1 output if enabled
0101: PA5 (only on STM32F302xB/C/D/E)
0110: PD10

0111: PB15

Remaining combinations: reserved.

COMP6MODE][1:0]: Comparator 6 mode (only in STM32F302xB/C devices)

These bits control the operating mode of the comparator 6 and allows to adjust the
speed/consumption.

00: Ultra-low-power
01: Low-power

10: Medium speed
11: High speed

Reserved, must be kept at reset value.

COMPG6EN: Comparator 6 enable

This bit switches COMP6 ON/OFF.
0: Comparator 6 disabled
1: Comparator 6 enabled

3
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17.5.5 COMP register map

The following table summarizes the comparator registers.

Table 104. COMP register map and reset values

Offset | Register MBI

o

19

(N
=

15

< (N o
-« ||+ | |o|~|©

5
4
3
2
1
0

D0 (N[O -
N|N(N|N NN

31
30

[2:0]

COMP1EN

COMP10UT
SEL
[3:0]

COMP1_CSR
0x1C

COMP1LOCK
COMP10UT

COMP1HYST[1:0]
COMP1POL
COMP1MODE[1:0]
COMP1_INP_DAC

o
o
o

Reset value

o
S| COMP1INSEL[2:0]
o

o
o
o
o
o
o
o

0|0|0|0

COMP20UT

COMP2_CSR SEL[3:0]

COMP2EN

0x20

COMP2LOCK
COMP20UT
COMP2POL

COMP2INSEL

COMP2MODE[1:0]
COMP2_INP_DAC

o| COMP2WINMODE
o | COMP2INMSEL[2:0]

o
o
o
o

Reset value

o
o
o

0|0|0|0

o
o

COMP40UT

COMP4_CSR SEL[3:0]

0x28

COMP4EN

COMPALOCK
COMP40OUT
COMP4POL

COMP4INSEL

o | COMP4INMSEL[2:0]

Reset value

o
o
o
o
o

0|0|0|0

o
o

COMP6OUT

COMP6_CSR SEL[3:0]

0x30

COMP6LOCK
COMP60OUT
COMP6_BLANKING | o | COMP4_BLANKING | o | .COMP2_BLANKING | o| COMPx_BLANKING
| o]
COMP6POL o
COMPGINSEL
COMPGEN

COMP6INMSEL[2:0]

| o]

o o

—{ COMP6MODE[1:0] +— COMP4MODE[1:0] |—|
o
o

o
o
o
o

Reset value

o|o|o

o

0|0|0|0 00|0|0

Refer to Section 3.2 on page 51 for the register boundary addresses.
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18 Operational amplifier (OPAMP)

18.1 OPAMP introduction
STM32F302xB/C/D/E devices embed 2 operational amplifiers OPAMP1, OPAMP2 and
STM32F302x6/8 devices embed 1 operational amplifier OPAMP2. They can either be used
as standalone amplifiers or as follower / programmable gain amplifiers.
The operational amplifier output is internally connected to an ADC channel for measurement
purposes.
18.2 OPAMP main features
e Rail-to-rail input/output
e Low offset voltage
e Capability of being configured as a standalone operational amplifier or as a
programmable gain amplifier (PGA)
e Access to all terminals
e Input multiplexer on inverting and non-inverting input
e Input multiplexer can be triggered by a timer and synchronized with a PWM signal.
18.3 OPAMP functional description
18.3.1 General description
On every OPAMP, there is one 4:1 multiplexer on the non-inverting input and one 2:1
multiplexer on the inverting input.
The inverting and non inverting inputs selection is made using the VM_SEL and VP_SEL
bits respectively in the OPAMPx_CSR register.
The 1/Os used as OPAMP input/outputs must be configured in analog mode in the GPIOs
registers.
The connections with dedicated 1/0 are summarized in the table below and in Figure 120
and Figure 121.
Table 105. Connections with dedicated 1/0
OPAMP1 inverting OPAMP1 non OPAMP2 inverting OPAMP2 non
input(1) inverting input“) input inverting input
PA3 (VM1) PA1 (VPO) PA5 (VM1) PA7 (VPO)
PC5 (VMO) PA7 (VP1) PC5 (VMO) PD14 (VP1)
PA5 (VP3) PA3 (VP2) - PBO (VP2)
- - - PB14 (VP3)(")
1. Only in STM32F302xB/C/D/E devices.
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18.3.2 Clock
The OPAMP clock provided by the clock controller is synchronized with the PCLK2 (APB2
clock). There is no clock enable control bit provided in the RCC controller. To use a clock
source for the OPAMP, the SYSCFG clock enable control bit must be set in the RCC
controller.
18.3.3 Operational amplifiers and comparators interconnections
Internal connections between the operational amplifiers and the comparators are useful in
motor control applications. These connections are summarized in the following figures.
Figure 120. STM32F302xB/C/D/E comparator and operational amplifier connections
‘ » PAO/PF4/PA6/PA11/PB8
+
COMP 1 < » COMP interrupt
‘\ Interrupt
PAO [} ) .
PA5S — Polarty TIM1_BKIN
DAC1_CH1 —— TIM1_OCrefClear
VREFINT —— TIM1_IC1
PATL] 3/4 VREFINT —| TIM2_1C4
PA3[ J— 1/2 VREFINT —— TIM2_OCRefClear
1/4 VREFINT —| TIM3_IC1
PA5 TIM3_OCRefClear
TIM1_BKIN2
. ADC TIM1_BKIN2
PA3
PA2[] PA2/PA7/PA12/PB9
A , COMP
pas[ 1 ~_ > Interrupt
PA2 . TIM1_BKIN
PAS Polarty TIM1_OCrefClear
DAC1_CH1 TIM1_IC1
VREFINT TIM2_IC4
3/4 VREFINT TIM2_OCRefCle
PA7[] 1/2 VREFINT TIM3_IC1
1/4 VREFINT TIM3_OCRefCle
TIM1_BKIN2
PBO [ TIM1ZBKIN2
PB14[_F—— +
PD14[ J— OPAMP>—— » ADC
PC5 [ ] .
PAS5 [
pa J———
MS32665V3
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Figure 121. STM32F302x6/8 comparator and operational amplifier

connections
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TIM1_BKIN2

MSv44241V1

Using the OPAMP outputs as ADC inputs

In order to use OPAMP outputs as ADC inputs, the operational amplifiers must be enabled
and the ADC must use the OPAMP output channel number:

On the STM32F302xB/C:
. For OPAMP1, ADC1 channel 3 is used.
. For OPAMP2, ADC2 channel 3 is used.

On the STM32F302x6/8, only OPAMP?2 is available and the ADC1 channel 10 is used on
OPAMP2.

Calibration

The OPAMP interface continuously sends trimmed offset values to the 4 operational
amplifiers. At startup, these values are initialized with the preset ‘factory’ trimming value.

Furthermore each operational amplifier offset can be trimmed by the user.

S74
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The user can switch from the ‘factory’ values to the ‘user’ trimmed values using the
USER_TRIM bit in the OPAMP control register. This bit is reset at startup (‘factory’ values
are sent to the operational amplifiers).

The rail-to-rail input stage of the OPAMP is composed of two differential pairs:
e  One pair composed of NMOS transistors
e One pair composed of PMOS transistors.

As these two pairs are independent, the trimming procedure calibrates each one separately.
The TRIMOFFSETN bits calibrate the NMOS differential pair offset and the TRIMOFFSETP
bits calibrate the PMOS differential pair offset.

To calibrate the NMOS differential pair, the following conditions must be met: CALON=1 and
CALSEL=11. In this case, an internal high voltage reference (0.9 x Vppa) is generated and
applied on the inverting and non inverting OPAMP inputs connected together. The voltage
applied to both inputs of the OPAMP can be measured (the OPAMP reference voltage can
be output through the TSTREF bit and connected internally to an ADC channel; refer to
Section 15: Analog-to-digital converters (ADC) on page 291). The software should
increment the TRIMOFFSETN bits in the OPAMP control register from 0x00 to the first value
that causes the OUTCAL bit to change from 1 to 0 in the OPAMP register. If the OUTCAL bit
is reset, the offset is calibrated correctly and the corresponding trimming value must be
stored.

The calibration of the PMOS differential pair is performed in the same way, with two
differences: the TRIMOFFSETP bits-fields are used and the CALSEL bits must be
programmed to ‘01’ (an internal low voltage reference (0.1 x Vppa) is generated and applied
on the inverting and non inverting OPAMP inputs connected together).

During calibration mode, to get the correct OUTCAL value, please make sure the
OFFTRIMmax delay (specified in the datasheet electrical characteristics section) has
elapsed between the write of a trimming value (TRIMOFFSETP or TRIMOFFSETN) and the
read of the OUTCAL value,

To calibrate the NMOS differential pair, use the following software procedure:
1. Enable OPAMP by setting the OPAMPXEN bit

2. Enable the user offset trimming by setting the USERTRIM bit

3. Connect VM and VP to the internal reference voltage by setting the CALON bit

4. Set CALSEL to 11 (OPAMP internal reference =0.9 x Vppa)

5. Inaloop, increment the TRIMOFFSETN value. To exit from the loop, the OUTCAL bit

must be reset. In this case, the TRIMOFFSETN value must be stored.

The same software procedure must be applied for PMOS differential pair calibration with
CALSEL = 01 (OPAMP internal reference = 0.1 Vppa)-

Timer controlled Multiplexer mode

The selection of the OPAMP inverting and non inverting inputs can be done automatically. In
this case, the switch from one input to another is done automatically. This automatic switch
is triggered by the TIM1 CC6 output arriving on the OPAMP input multiplexers.

This is useful for dual motor control with a need to measure the currents on the 3 phases
instantaneously on a first motor and then on the second motor.

The automatic switch is enabled by setting the TCM_EN bit in the OPAMP control register.
The inverting and non inverting inputs selection is performed using the VPS_SEL and
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Note:
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VMS_SEL bit fields in the OPAMP control register. If the TCM_EN bit is cleared, the
selection is done using the VP_SEL and VM_SEL bit fields in the OPAMP control register.

Figure 122. Timer controlled Multiplexer mode

CCR6 T1 counter

\//\\/ T8 counter
ADC sampling poinfs

¥1 ¥| T1 output (1 out of 3)

ﬁ‘j N N
1 [ T8 output (1 out of 3)
T1 CC6 output arriving on OPAMP input mux

See OPAMP input selection:

Def = default OPAMP input selection
Legend: OPAMP input selection type Sec = secondary OPAMP input selection
MS192230V2

OPAMP modes

The operational amplifier inputs and outputs are all accessible on terminals. The amplifiers
can be used in multiple configuration environments:

e Standalone mode (external gain setting mode)

e  Follower configuration mode

e PGAmodes

Important note: the amplifier output pin is directly connected to the output pad to minimize

the output impedance. It cannot be used as a general purpose /O, even if the amplifier is
configured as a PGA and only connected to the ADC channel.

The impedance of the signal must be maintained below a level which avoids the input
leakage to create significant artefacts (due to a resistive drop in the source). Please refer to
the electrical characteristics section in the datasheet for further details.

Standalone mode (external gain setting mode)

The external gain setting mode gives full flexibility to choose the amplifier configuration and
feedback networks. This mode is enabled by writing the VM_SEL bits in the OPAMPx_CR
register to 00 or 01, to connect the inverting inputs to one of the two possible 1/Os.

3

RMO0365 Rev 8




RMO0365

Operational amplifier (OPAMP)

3

Figure 123. Standalone mode: external gain setting mode
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1. This figure gives an example in an inverting configuration. Any other option is possible, including

comparator mode.

Follower configuration mode

The amplifier can be configured as a follower, by setting the VM_SEL bits to 11 in the
OPAMPx_CR register. This allows you for instance to buffer signals with a relatively high
impedance. In this case, the inverting inputs are free and the corresponding ports can be

used as regular 1/Os.
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Figure 124. Follower configuration
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1. This figure gives an example in an inverting configuration. Any other option is possible, including
comparator mode.

Programmable Gain Amplifier mode

The Programmable Gain Amplifier (PGA) mode is enabled by writing the VM_SEL bits to 10
in the OPAMPx_CR register. The gain is set using the PGA_GAIN bits which must be set to
0x00..0x11 for gains ranging from 2 to 16.

In this case, the inverting inputs are internally connected to the central point of a built-in gain
setting resistive network. Figure 125: PGA mode, internal gain setting (x2/x4/x8/x16),
inverting input not used shows the internal connection in this mode.

An alternative option in PGA mode allows you to route the central point of the resistive
network on one of the 1/0Os connected to the non-inverting input. This is enabled using the
PGA_GAIN bits in OPAMPx_CR register:

e 10xx values are setting the gain and connect the central point to one of the two
available inputs

e 11xx values are setting the gain and connect the central point to the second available
input

This feature can be used for instance to add a low-pass filter to PGA, as shown in

Figure 126: PGA mode, internal gain setting (x2/x4/x8/x16), inverting input used for filtering.
Please note that the cut-off frequency is changed if the gain is modified (refer to the
electrical characteristics section of the datasheet for details on resistive network elements.
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Figure 125. PGA mode, internal gain setting (x2/x4/x8/x16), inverting input not used
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Figure 126. PGA mode, internal gain setting (x2/x4/x8/x16), inverting input used for

filtering
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18.4

18.4.1
Note:

31 30

OPAMP registers

OPAMP1 control register (OPAMP1_CSR)

This register is only available in STM32F302xB/C/D/E devices.

Address offset : 0x38
Reset value: OxXXXX 0000

29 28

27

26 25

24

23

22 21 20

19 18

17

16

LOCK

OUTCAL

TSTR
EF

TRIMOFFSETN

TRIMOFFSETP

PGA_GAIN

w r

w

w

w

w

15 14

13 12

1

10 9

6 5 4

1

0

PGA_GAIN

CALSEL

CAL
ON

VPS_SEL

VMS_SE

TCM_
EN

VM_SEL

FORCE
_VP

OPAMP
1EN

w

w

w

w

Bit 31

Bit 30

Bit 29

Bits 28:24
Bits 23:19
Bit 18
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LOCK: OPAMP 1 lock
This bit is write-once. It is set by software. It can only be cleared by a system reset.
This bit is used to configure the OPAMP1_CSR register as read-only.
0: OPAMP1_CSR is read-write.
1: OPAMP1_CSR is read-only.

OUTCAL:
OPAMP output status flag, when the OPAMP is used as comparator during calibration.
0: Non-inverting < inverting
1: Non-inverting > inverting.
TSTREF:
This bit is set and cleared by software. It is used to output the internal reference voltage

(VREFOPAMP1)-

0: VREFOPAMP1 is OUtpUt.
1: VREFOPAMP1 is not OUtpUt.

TRIMOFFSETN: Offset trimming value (NMOS)
TRIMOFFSETP: Offset trimming value (PMOS)

USER_TRIM: User trimming enable.
This bit is used to configure the OPAMP offset.
0: User trimming disabled.
1: User trimming enabled.

3

RMO0365 Rev 8




RMO0365 Operational amplifier (OPAMP)
Bits 17:14 PGA_GAIN: Gain in PGA mode
0X00 = Non-inverting gain = 2
0X01 = Non-inverting gain = 4
0X10 = Non-inverting gain = 8
0X11 = Non-inverting gain = 16
1000 = Non-inverting gain = 2 - Internal feedback connected to VMO
1001 = Non-inverting gain = 4 - Internal feedback connected to VMO
1010 = Non-inverting gain = 8 - Internal feedback connected to VMO
1011 = Non-inverting gain = 16 - Internal feedback connected to VMO
1100 = Non-inverting gain = 2 - Internal feedback connected to VM1
1101 = Non-inverting gain = 4 - Internal feedback connected to VM1
1110 = Non-inverting gain = 8 - Internal feedback connected to VM1
1111 = Non-inverting gain = 16 - Internal feedback connected to VM1
Bits 13:12 CALSEL: Calibration selection
This bit is set and cleared by software. It is used to select the offset calibration bus used to generate
the internal reference voltage when CALON = 1 or FORCE_VP= 1.
00 = VReropamp = 3-3% Vppa
01 = VReropamp= 10% Vppa
10 = Vreropamp= 50% Vppa
11 = VReropamp = 90% Vppa
Bit 11 CALON: Calibration mode enable
This bit is set and cleared by software. It is used to enable the calibration mode connecting VM and
VP to the OPAMP internal reference voltage.
0: Calibration mode disabled.
1: Calibration mode enabled.
Bits 10:9 VPS_SEL: OPAMP1 Non inverting input secondary selection.
These bits are set and cleared by software. They are used to select the OPAMP1 non inverting input
when TCM_EN = 1.
00: PA7 used as OPAMP1 non inverting input
01: PAS5 used as OPAMP1 non inverting input
10: PA3 used as OPAMP1 non inverting input
11: PA1 used as OPAMP1 non inverting input
Bit 8 VMS_SEL: OPAMP1 inverting input secondary selection
This bit is set and cleared by software. It is used to select the OPAMP1 inverting input when
TCM_EN =1.
0: PC5 (VMO0) used as OPAMP1 inverting input
1: PA3 (VM1) used as OPAMP1 inverting input
Bit 7 TCM_EN: Timer controlled Mux mode enable
This bit is set and cleared by software. It is used to control automatically the switch between the
default selection (VP_SEL and VM_SEL) and the secondary selection (VPS_SEL and VMS_SEL) of
the inverting and non inverting inputs.
Bits 6:5 VM_SEL: OPAMP1 inverting input selection.
These bits are set and cleared by software. They are used to select the OPAMP1 inverting input.
00: PC5 (VMO) used as OPAMP1 inverting input
01: PA3 (VM1) used as OPAMP1 inverting input
10: Resistor feedback output (PGA mode)
11: follower mode
Bit 4 Reserved, must be kept at reset value.
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Bits 3:2 VP_SEL: OPAMP1 Non inverting input selection.
These bits are set and cleared by software. They are used to select the OPAMP1 non inverting
input.
00: PA7 used as OPAMP1 non inverting input
01: PA5 used as OPAMP1 non inverting input
10: PA3 used as OPAMP1 non inverting input
11: PA1 used as OPAMP1 non inverting input

Bit1 FORCE_VP:

This bit forces a calibration reference voltage on non-inverting input and disables external
connections.

0: Normal operating mode. Non-inverting input connected to inputs.
1: Calibration mode. Non-inverting input connected to calibration reference voltage.

Bit0 OPAMP1EN: OPAMP1 enable.

This bit is set and cleared by software. It is used to enable the OPAMP1.
0: OPAMP1 is disabled.
1: OPAMP1 is enabled.

18.4.2 OPAMP2 control register (OPAMP2_CSR)

Address offset: 0x3C
Reset value: 0xXXXX 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ouT | TSTR USER_
LOCK | cal | eF TRIMOFFSETN TRIMOFFSETP TRIM PGA_GAIN
rw r w w rw w rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CAL VMS_ | TCM_ FORCE | OPAMP
PGA_GAIN CALSEL ON VPS_SEL SEL EN VM_SEL VP_SEL vp | 2EN
rw w rw w w rw rw rw rw rw

Bit 31 LOCK: OPAMP 2 lock

This bit is write-once. It is set by software. It can only be cleared by a system reset.
This bit is used to configure the OPAMP2_CSR register as read-only.

0: OPAMP2_CSR is read-write.

1: OPAMP2_CSR is read-only.

Bit 30 OUTCAL:
OPAMP output status flag, when the OPAMP is used as comparator during calibration.
0: Non-inverting < inverting
1: Non-inverting > inverting.
Bit 29 TSTREF:
This bit is set and cleared by software. It is used to output the internal reference voltage
(VrReroraMP2)-
0: VREFOPAMP2 is OUtpUt.
1: VREFOPAMP2 is not OUtpUt.

Bits 28:24 TRIMOFFSETN: Offset trimming value (NMOS)
Bits 23:19 TRIMOFFSETP: Offset trimming value (PMOS)
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Bit 18 USER_TRIM: User trimming enable.
This bit is used to configure the OPAMP offset.
0: User trimming disabled.
1: User trimming enabled.

Bits 17:14 PGA_GAIN: gain in PGA mode
0X00 = Non-inverting gain = 2
0X01 = Non-inverting gain = 4
0X10 = Non-inverting gain = 8
0X11 = Non-inverting gain = 16
1000 = Non-inverting gain = 2 - Internal feedback connected to VMO
1001 = Non-inverting gain = 4 - Internal feedback connected to VMO
1010 = Non-inverting gain = 8 - Internal feedback connected to VMO
1011 = Non-inverting gain = 16 - Internal feedback connected to VMO
1100 = Non-inverting gain = 2 - Internal feedback connected to VM1
1101 = Non-inverting gain = 4 - Internal feedback connected to VM1
1110 = Non-inverting gain = 8 - Internal feedback connected to VM1
1111 = Non-inverting gain = 16 - Internal feedback connected to VM1

Bits 13:12 CALSEL: Calibration selection
This bit is set and cleared by software. It is used to select the offset calibration bus used to generate
the internal reference voltage when CALON = 1 or FORCE_VP= 1.
00 = VReropamp = 3-3% Vppa
01 = Vreropamp = 10% Vppa
10 = Vreropamp = 50% Vppa
11 = VReropamp = 90% Vppa

Bit 11 CALON: Calibration mode enable
This bit is set and cleared by software. It is used to enable the calibration mode connecting VM and
VP to the OPAMP internal reference voltage.
0: calibration mode disabled.
1: calibration mode enabled.

Bits 10:9 VPS_SEL: OPAMP2 Non inverting input secondary selection.
These bits are set and cleared by software. They are used to select the OPAMP2 non inverting input
when TCM_EN = 1.
00: PD14 used as OPAMP2 non inverting input (STM32F302xB/C/D/E devices only)
01: PB14 used as OPAMP2 non inverting input
10: PBO used as OPAMP2 non inverting input
11: PA7 used as OPAMP2 non inverting input

Bit 8 VMS_SEL: OPAMP2 inverting input secondary selection
This bit is set and cleared by software. It is used to select the OPAMP2 inverting input when
TCM_EN =1.
0: PC5 (VMO0) used as OPAMP?2 inverting input
1: PA5 (VM1) used as OPAMP?2 inverting input

Bit 7 TCM_EN: Timer controlled Mux mode enable.

This bit is set and cleared by software. It is used to control automatically the switch between the
default selection (VP_SEL and VM_SEL) and the secondary selection (VPS_SEL and VMS_SEL) of
the inverting and non inverting inputs.
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Bits 6:5 VM_SEL: OPAMP?2 inverting input selection.

Theses bits are set and cleared by software. They are used to select the OPAMP2 inverting input.
00: PC5 (VMO) used as OPAMP?2 inverting input

01: PA5 (VM1) used as OPAMP2 inverting input

10: Resistor feedback output (PGA mode)

11: follower mode

Bit 4 Reserved, must be kept at reset value.
Bits 3:2 VP_SEL: OPAMP2 non inverting input selection.

Theses bits are set/reset by software. They are used to select the OPAMP2 non inverting input.
00: PD14 used as OPAMP2 non inverting input (STM32F302xB/C/D/E devices only)

01: PB14 used as OPAMP2 non inverting input

10: PBO used as OPAMP2 non inverting input

11: PA7 used as OPAMP2 non inverting input

Bit1 FORCE_VP:

This bit forces a calibration reference voltage on non-inverting input and disables external
connections.

0: Normal operating mode. Non-inverting input connected to inputs.
1: Calibration mode. Non-inverting input connected to calibration reference voltage.

Bit 0 OPAMP2EN: OPAMP2 enable.

438/1086

This bit is set and cleared by software. It is used to select the OPAMP2.
0: OPAMP2 is disabled.
1: OPAMP2 is enabled.
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18.4.3 OPAMP register map
The following table summarizes the OPAMP registers.
Table 106. OPAMP register map and reset values
Offset| Register |55|3|Q|R|N[G|4(3|2(|s|Q(2|2 52222 c|2|o|w|~|o0 0|+ |o|~|<|o
z 2 z
= z _, o |z
v 2 |t § § K < o g g g o o [TE
OPAMP1_CSR |Q |© | o o ! S, @ 9] 2 |7 9 o |y
0x38 S5k S e el o« 2 3| ¢ (23] = e |22
°|" = = 2| € © > R > > 1213
= [
Reset value XXXX|X|X|X|X X|X|X|X|XXX|X|O|0 0|0 0 0|0 0[]0 0| 0|0 00
P4 o
[ (= = = _ o |z
« |2 | & & |z D |zl @ [@E o D |78
OPAMP2_CSR (O |C |z i i ! G ST = I Dol P IR
e 2Bl g S B 5 |3 [|¢ER|z| | BE
°1" 2 = 2| & > 5F] > > 1218
= [
Reset value XXXX|X|X|X|X X|X|X|X|XXX|X|O|0 0|O 0 O|0 0[]0 0| O|O 00
Refer to Section 3.2 on page 51 for the register boundary addresses.
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Touch sensing controller (TSC)

Introduction

The touch sensing controller provides a simple solution for adding capacitive sensing
functionality to any application. Capacitive sensing technology is able to detect finger
presence near an electrode that is protected from direct touch by a dielectric (for example
glass, plastic). The capacitive variation introduced by the finger (or any conductive object) is
measured using a proven implementation based on a surface charge transfer acquisition
principle.

The touch sensing controller is fully supported by the STMTouch touch sensing firmware
library, which is free to use and allows touch sensing functionality to be implemented reliably
in the end application.

TSC main features

The touch sensing controller has the following main features:
e Proven and robust surface charge transfer acquisition principle

e  Supports up to 24 capacitive sensing channels on STM32F302xBxC devices and 18 on
STM32F302x6/x8 devices

¢ Up to 8 capacitive sensing channels on STM32F302xBxC devices and 6 on
STM32F302x6/x8 devices can be acquired in parallel offering a very good response
time

e  Spread spectrum feature to improve system robustness in noisy environments

e Full hardware management of the charge transfer acquisition sequence

e  Programmable charge transfer frequency

e  Programmable sampling capacitor 1/O pin

e  Programmable channel I/O pin

e Programmable max count value to avoid long acquisition when a channel is faulty

e Dedicated end of acquisition and max count error flags with interrupt capability

e  One sampling capacitor for up to 3 capacitive sensing channels to reduce the system
components

e  Compatible with proximity, touchkey, linear and rotary touch sensor implementation
e Designed to operate with STMTouch touch sensing firmware library

The number of capacitive sensing channels is dependent on the size of the packages and
subject to 10 availability.
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19.3

19.3.1

19.3.2

3

TSC functional description

TSC block diagram

The block diagram of the touch sensing controller is shown in Figure 127.

Figure 127. TSC block diagram
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Surface charge transfer acquisition overview

The surface charge transfer acquisition is a proven, robust and efficient way to measure a
capacitance. It uses a minimum number of external components to operate with a single
ended electrode type. This acquisition is designed around an analog I/O group composed of
up to four GPIOs (see Figure 128). Several analog I/O groups are available to allow the
acquisition of several capacitive sensing channels simultaneously and to support a larger
number of capacitive sensing channels. Within a same analog I/O group, the acquisition of
the capacitive sensing channels is sequential.

One of the GPIOs is dedicated to the sampling capacitor Cg. Only one sampling capacitor
I/O per analog I/O group must be enabled at a time.

The remaining GPIOs are dedicated to the electrodes and are commonly called channels.
For some specific needs (such as proximity detection), it is possible to simultaneously
enable more than one channel per analog 1/O group.
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Figure 128. Surface charge transfer analog 1/0 group structure
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Note: Gx_IOy where x is the analog I/O group number and y the GPIO number within the selected

group.

The surface charge transfer acquisition principle consists of charging an electrode
capacitance (Cx) and transferring a part of the accumulated charge into a sampling
capacitor (Cg). This sequence is repeated until the voltage across Cg reaches a given
threshold (V|4 in our case). The number of charge transfers required to reach the threshold
is a direct representation of the size of the electrode capacitance.

Table 107 details the charge transfer acquisition sequence of the capacitive sensing
channel 1. States 3 to 7 are repeated until the voltage across Cg reaches the given

threshold. The same sequence applies to the acquisition of the other channels. The
electrode serial resistor Rg improves the ESD immunity of the solution.
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Table 107. Acquisition sequence summary

State G1_lo1 G1_102 G1_103 G1_l04 State description
(channel) (sampling) (channel) (channel) P
Input floatin Output open-
P 9 | drain low with Input floating with analog switch | Discharge all Cy and
#1 with analog .
. analog switch closed Cs
switch closed
closed
#2 Input floating Dead time
Output push- .
#3 oull high Input floating Charge Cy+
#4 Input floating Dead time
45 Input floating with analog switch Input floating Charge transfer from
closed Cxqto Cg
#6 Input floating Dead time
#7 Input floating Measure Cg voltage

The voltage variation over the time on the sampling capacitor Cg is detailed below:

Figure 129. Sampling capacitor voltage variation
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Reset and clocks

The TSC clock source is the AHB clock (HCLK). Two programmable prescalers are used to
generate the pulse generator and the spread spectrum internal clocks:

e The pulse generator clock (PGCLK) is defined using the PGPSC[2:0] bits of the

TSC_CR register

e  The spread spectrum clock (SSCLK) is defined using the SSPSC bit of the TSC_CR

register

The Reset and Clock Controller (RCC) provides dedicated bits to enable the touch sensing
controller clock and to reset this peripheral. For more information, refer to Section 9: Reset

and clock control (RCC).
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Charge transfer acquisition sequence

An example of a charge transfer acquisition sequence is detailed in Figure 130.

Figure 130. Charge transfer acquisition sequence
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For higher flexibility, the charge transfer frequency is fully configurable. Both the pulse high
state (charge of Cy) and the pulse low state (transfer of charge from Cy to Cg) duration can
be defined using the CTPH[3:0] and CTPL[3:0] bits in the TSC_CR register. The standard
range for the pulse high and low states duration is 500 ns to 2 ys. To ensure a correct
measurement of the electrode capacitance, the pulse high state duration must be set to
ensure that Cy is always fully charged.

A dead time where both the sampling capacitor I/O and the channel I/O are in input floating
state is inserted between the pulse high and low states to ensure an optimum charge
transfer acquisition sequence. This state duration is 2 periods of HCLK.

At the end of the pulse high state and if the spread spectrum feature is enabled, a variable
number of periods of the SSCLK clock are added.

The reading of the sampling capacitor 1/O, to determine if the voltage across Cg has
reached the given threshold, is performed at the end of the pulse low state.

The following TSC control register configurations are forbidden:

e  bits PGPSC are set to ‘000’ and bits CTPL are set to ‘0000’

e  bits PGPSC are set to ‘000’ and bits CTPL are set to ‘0001’

e  bits PGPSC are set to ‘001’ and bits CTPL are set to ‘0000’
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Spread spectrum feature

The spread spectrum feature allows to generate a variation of the charge transfer
frequency. This is done to improve the robustness of the charge transfer acquisition in noisy
environments and also to reduce the induced emission. The maximum frequency variation
is in the range of 10% to 50% of the nominal charge transfer period. For instance, for a
nominal charge transfer frequency of 250 kHz (4 us), the typical spread spectrum deviation
is 10% (400 ns) which leads to a minimum charge transfer frequency of ~227 kHz.

In practice, the spread spectrum consists of adding a variable number of SSCLK periods to
the pulse high state using the principle shown below:

Figure 131. Spread spectrum variation principle
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The table below details the maximum frequency deviation with different HCLK settings:

Table 108. Spread spectrum deviation versus AHB clock frequency

fHeoLk Spread spectrum step Maximum spread spectrum deviation
24 MHz 416 ns 10666.6 ns
48 MHz 20.8 ns 5333.3 ns

The spread spectrum feature can be disabled/enabled using the SSE bit in the TSC_CR
register. The frequency deviation is also configurable to accommodate the device HCLK
clock frequency and the selected charge transfer frequency through the SSPSC and
SSDI6:0] bits in the TSC_CR register.

Max count error

The max count error prevents long acquisition times resulting from a faulty capacitive
sensing channel. It consists of specifying a maximum count value for the analog I/O group
counters. This maximum count value is specified using the MCV[2:0] bits in the TSC_CR
register. As soon as an acquisition group counter reaches this maximum value, the ongoing
acquisition is st