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1 Device overview

1.1 Introduction

The AG32 family of 32-bit microcontrollers is designed to offer new degrees of freedom and rich
compatible peripherals, and compatible pin and features to MCU users. AG32 product series offers
supreme quality, stability, and exceptional pricing value.

111 {eadSY hOSNIASS

A RISC-V core with RV32IMAFC support
A Upto 1 Mbyte of Flash memory

A 128KB SRAM

A 16KB instruction cache

112 / £201X NBaSd FyR adziid e YIFyl3aSySyi

A 3.135Vto 3.465 V application supply and I/Os
A POR, PDR

A 4-t0-26 MHz crystal oscillator

A Internal 20MHz oscillator

A 32 kHz oscillator for RTC

A Internal 40 kHz oscillator

113 [ 282 6 SNJ 2 LISNF A2y

A  Sleep, Stop and Standby modes
A VBAT supply for RTC

114 !5/ k5! / k/ atk5a! K¢CAYSNRARKDt Lh

A 3x12-bit, 1.0 MSPS A/D converters: up to 16 channels and 3 MSPS in triple interleaved mode
A 2x10-bit D/A converters
A Two rail-to-rail analog comparators
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>

General-purpose DMA
A Advanced-control timers

A Upto 78 user I/O ports

115 / 2YYdzy AOF UA2Yy AYUSNFI OSa

A I2C interfaces

A UART interfaces
A SPI interfaces

A CAN interfaces

1.1.6 h 0 KS NA

A Debug mode ¢ Serial wire debug (SWD) & JTAG interfaces
A USB 2.0 full-speed device/host controller with on-chip PHY
A 10/100 Ethernet MAC with dedicated DMA supports MII/RMII
A RTC: subsecond accuracy

A 128-bit unique ID

MM OMY
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1.2 Features and peripheral counts

Peripherals | AG32VF303KCU| AG32VF303CCT| AG32VF303VCT( AG32VRBO3RCT6| AG32VF407RGT| AG32VF407VGT( AG32W407VGT6
Flash
memory in 256K 256K 256K 256K 1024K 1024K 1024K
Kbytes
SRAM in
128K

Kbytes
PSRAM / 8MB / 8MB
Ethernet yes
Timers 2 xBasic Timer + 5x Advanced Timer
SPI/IC 2
UART 5
USB FS yes
CAN 1 x CAN2.0
12-bit ADC 3 3 3 3 3 3 3
Number of

9 10 16 11 16 16 16
channels
10-bit DAC 2 2 2 1 2 2 1
Number of

2 2 2 1 2 2 1
channels
rail-to-rail
analog 2 2 2 2 2 2 2
comparators
Maximum
CPU 248Mhz
frequency
Operating

3.135t03.465 V
voltage
Package QFN32 LQFP48 ‘ LQFP100 ‘ LQFP64 LQFP64 LQFP100 LQFP100
| Dowoyo/ ¢€ Do b t{w!a

FLASH
Storage

MCU + 2K CPLD + 8MB PSRAM
HyperRAM highspeed interface
DMA & FIFO R/W reference design

MH O0MYy




1.3 Chip architecture

GPTIMER/Flash controller/CRC
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1.4 Memory Map

! RRNB aa
wh a nEnnnmMnBEnnnm mC
{eaidSY /2ynEnonnnBnann ncC
t [ L/ nEn/ nanrnEnhrn CC
{w! a NnEwnnmrnBERrnnm CC
C[!'{Il o6-LtnEynnnrnBEpwn@8C CC
hLiiA2y oeéinEymnanBywyman nn
we/ nEnnnprnBERnAAn an
C[!'{I O2yinEnnnnnédnnnn wmC
l't. tSNAL¥MEnnnmnEnng@8C CC
'l. tSNAL¥IEnmMnarnEnmE@C CC
OEGSNY It ImEcnnnnEn@868C CC

1.5 System Control

Devi ce

boot

mo d e

(BOOT_MODE)

AG32 has 2 boot modes, MCU will read and lock the values of Pin BOOTO, BOOT1, when powering on

or restarting

1. BOOTO = 0, BOOT1 = x: Normal boot from FLASH.
2. BOOTO = 1, BOOTL1 = 0: Boot from the Boot ROM of the system, you can program with serial port
UARTO, independent of the contents of FLASH.
Do not float BOOTO, otherwise the system is unsure which mode to enter.

¢ofSo 220 Y2RSa
. 220 Y2RS aSf{ ] L
. 220 az2RS$ ltAFAAY3
.hhe¢wm .hhe¢n
E n al Ay Ctl&aK YSydalAy Cftl &K YSY2NE A4
n M . 220 wha . 220 wha A& a8t SOGSR
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Address offset: 0x00

O MH M n
wSaSNIBSR .hh¢ypyahs59
wh w h

Bit [1:0]: Device boot mode

The values of BOOTO and BOOT1 pins are latched on the 4th rising edge of SYSCLK after a reset
Reset control (RST_CNTL)

Address offset: 0x04
Bit 31 RSTF_LPWR: Reset flag by low power
0: No reset detected
1: Low power reset detected
Bit 30 RSTF_WDOG: Reset flag by watch dog
0: No reset detected
1: Watch dog reset detected
Bit 29 RSTF_IWDG: Reset flag by independent watch dog
0: No reset detected
1: Independent watch dog reset detected
Bit 28 RSTF_SFT: Reset flag by softare
0: No reset detected
1: Softare reset detected
Bit 27 RSTF_POR: Reset flag by power on reset
0: No reset detected

1: Power on reset detected

Mp/ omy
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Bit 26 RSTF_PIN: Reset flag by NRST pin
0: No reset detected
1: NRST pin reset detected

Bit 25 RSTF_EXT: Reset flag by external logic
0: No reset detected
1: External logic reset detected

Bit 24 RST_REMOVE: Reset flag removal
Write 1 to clear all reset flags

Bit 1 RST_EXT_EN: External logic reset enable
0: Exernal logic reset disabled
1: External logic reset enabled

Bit 0 RST_SFT: Reset by software

Write 1 to trigger software reset
Power contr ol (PWR_CNTL)

Address offset: 0x08

Bit [1:0] LPWR_MODE: Low power mode
00: Enter sleep mode with WFI (wait for interrupt) instruction
01: Enter stop mode with WFI instruction

11: Enter standby mode with WFI instruction
Clock control (CLK_CNTL)

Address offset: Ox0C

Bit [15:12] SCLK_DIV_HIGH: Flash SPI clock divider high

Mc/ omy
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Flash SPI clock is divided by (SCLK_DIV_HIGH + 1) from SYS_CLK, valid range is from
0 (divided by 1) to 15 (divided by 16)
Bit [11:8] SCLK_DIV_LOW: Flash SPI clock divider low
Must be set to the same value as SCLK_DIV_HIGH
Bit 6 PLL_RDY: PLL ready
0: PLL is not ready
1: PLL is ready
Bit 5 PLL_ON: PLL on
0: PLL is turned off
1: PLL is turned on
Bit 4 HSE_RDY: HSE ready
0: HSE is not ready
1: HSE is ready
Bit 3 HSE_BYP: HSE bypass
0: HSE oscillator is not bypassed
1: HSE oscillator is bypassed
Bit 2 HSE_ON: HSE on
0: HSE oscillator is turned off

1: HSE oscillator is turned on
JTAG control (SWJ_CNTL)

Address offset: 0x14
Bit 4: NJTRST: Configuration for pin NJTRST

0: NJTRST is used as a dedicated pin

MT/ oMYy
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1: NJTRST is used as a user pin

Bit 3: JTDO: Configuration for pin JTDO
0: JTDO is used as a dedicated pin
1: JTDO is used as a user pin

Bit 2: JTDI: Configuration for pin JTDI
0: JTDI is used as a dedicated pin
1: JTDIl is used as a user pin

Bit 1: JTMS: Configuration for pin JTMS
0: JTMS is used as a dedicated pin
1: JTMS is used as a user pin

Bit 0: JTCK: Configuration for pin JTCK
0: JTCK is used as a dedicated pin

1: JTCK is used as a user pin
Debug control (DBG_CNTL)

Address offset: 0x1C
Bit4 DBG_RTC_STOP: Stop RTC during debug

Bit 3 DBG_IWDG_STOP: Stop IWDG during debug
Wake up rise triggers (WKP_RISE_TRG)

Address offset: 0x20
Bit [7:0] EXT_INTG7: Wake up device from stop mode using EXT_INT{, rising edge
triggered

Bit 8 ALARM: Wake up device from stop mode using RTC alaram
Wake up fall triggers (WKP_FALL_TRG)

Address offset: 0x24
My omy
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Bit [7:0] EXT_INT7: Wake up device from stop mode using EXT_INT®, falling edge
triggered

Bit 8 ALARM: Wake up device from stop mode using RTC alaram
Wake up pending register (WKP_PENDI NG)

Address offset: 0x28

Bits [8:0]: Correspoding bits are set when the selected triggering event occurs
PBUS clock divider (PBUS DI VI DER)

Address offset: 0x38
Bits [3:0] PBUS_DIV: APB clock is divided by (PBUS_DIV + 1) from SYS_CLK, valid range is

from O (divided by 1) to 15 (divided by 16)
APB peripheral reset (APB_RESET)

Address offset: 0x40

Each APB peripheral can be reset with the corresponding bit
0: Reset is deasserted
1: Reset is asserted

Bit [28]: 12C1

Bit [27]: 12CO

Bit [26]: CANO

Bit [25]: UART4

Bit [24]: UART3

Bit [23]: UART2

Bit [22]: UART1

Bit [21]: UARTO

Bit [20]: GPTIMER4
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Bit [19]: GPTIMER3
Bit [18]: GPTIMER2
Bit [17]: GPTIMER1
Bit [16]: GPTIMERO
Bit [15]: TIMER1
Bit [14]: TIMERO
Bit [13]: GPIO9

Bit [12]: GPIO8

Bit [11]: GPIO7

Bit [10]: GPIO6

Bit [9]: GPIO5

Bit [8]: GP104

Bit [7]: GPIO3

Bit [6]: GPIO2

Bit [5]: GPIO1

Bit [4]: GPIOO

Bit [3]: SPI1

Bit [2]: SPIO

Bit [1]: WATCHDOGO

Bit [0]: FCBO
AHB peripheral reset (AHB_RESET)

Address offset: 0x50

Each AHB peripheral can be reset with the corresponding bit
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0: Reset is deasserted
1: Reset is asserted
Bit [3]: MACO
Bit [2]: CRCO
Bit [1]: USBO

Bit [0]: DMACO
APB peripheral clock enable (APB_CLKENABLE)

Address offset: 0x60
Clock must be enabled before any APB peripheral is accessed. Bit asssignment is the
same as APB_RESET register

0: Peripheral clock is disabled

1: Peripheral clock is enabled
AHB peripheral clock enable (AHB_CLKENABLE)

Address offset: 0x70
Clock must be enabled before any AHB peripheral is accessed. Bit asssignment is the
same as AHB_RESET register

0: Peripheral clock is disabled

1: Peripheral clock is enabled
APB peripheral c¢clock stop during debug (APB_C

Address offset: 0x80

Clock can be automatically stopped during debug for the following APB peripherals:
WATCHDOG
TIMER

GPTIMER
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CAN
Bit asssignment is the same as APB_RESET register
0: Clock is not stopped during debug

1: Clock is stopped during debug
Device I D code (DEVICE_I D)
Address offset: 0x100

Bit [31:0]: Returns the chip device ID: 0x40200001. Read only
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2 Pin Definition

LQFP-100
Pin| Pin name Function Pin Pin Function
name
1 |PIN_1 10 26 | PIN_26 | IO/ADC_INACMP_PA3
2 | PIN_2 10 27 | VSS33 | GND
3 | PIN_3 10 28 | vDD33 | VDD33
4 | PIN_4 10 29 | PIN_29 | IO/ADC_IN4/CMP_PA4/DACC
5 | PIN_5 10 30 | PIN_30 | IO/ADC_IN5/CMP_PA5/DACI
6 | VBAT VBAT 31 | PIN_31 | IO/ADC_ING6
7 | PIN_7 IO/RTC 32 | PIN_32 | IO/ADC_IN7
8 | OSC32_IN | OSC32_IN 33 | PIN_33| IO/ADC_IN14
9 | OSC32_OUT| 0SC32_OUT 34 | PIN_34| IO/ADC_IN15
10 | VSS33 GND 35 | PIN_35| IO/ADC_INS8
11 | vDD33 VDD33 36 | PIN_36 | IO/ADC_IN9
12 | OSC_IN OSC_IN 37 | PIN_37 | IO/BOOT1
13 | OSC_OUT | OSC_OuT 38 | PIN_38]| IO
14 | NRST NRST 39 | PIN_39]| 10
15 | PIN_15 IO/ADC_IN10 40 | PIN_40] 1O
16 | PIN_16 IO/ADC_IN11 41 | PIN_41]| 10
17 | PIN_17 IO/ADC_IN12 42 | PIN_42]| 10
18 | PIN_18 IO/ADC_IN13 43 | PIN_43]| 10
19 | NC NC 44 | PIN_44]| 10
20 | VSSA GNDA 45 | PIN_45]| 10
21 | VREFP VREFP 46 | PIN_46| 10
22 | VDDA VDDA 47 | PIN_47] 10
23 | PIN 23 IO/WKUP/ADC_INO/C PIN 48| 10
- MP_PAO -
24 | PIN_24 IO/ADC_IN1/CMP_PA 49 | NC NC
25 | PIN_25 IO/ADC_IN2/CMP_PA 50 | vDD33 | VDD33
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Pin| Pin name Function Pin Pin Function
name

51 | PIN_51 10 76 | PIN_76 | I0/JTCK

52 | PIN_52 10 77 | PIN_77 | 10/JTDI

53 | PIN_53 10 78 | PIN_78] 10

54 | PIN_54 10 79 | PIN_79] 10

55 | PIN_55 10 80 | PIN_80]| IO

56 | PIN_56 10 81 | PIN 81|10

57 | PIN_57 10 82 | PIN_82]| 10

58 | PIN_58 10 83 | PIN_83]| 10

59 | PIN_59 10 84 | PIN_84]| 10

60 | PIN_60 10 85 | PIN_85]| IO

61 | PIN_61 10 86 | PIN_86 | 10

62 | PIN_62 10 87 | PIN_87| 10

63 | PIN_63 10 88 | PIN_88] IO

64 | PIN_64 10 89 | PIN_89 | IO/JTDO

65 | PIN_65 10 90 | PIN_90 | IO/INTRST

66 | PIN_66 10 91 | PIN_ 91|10

67 | PIN_67 10 92 | PIN._ 92| 10

68 | PIN_68 IO/JUARTO_TX 93 | PIN_93]| IO

69 | PIN_69 IO/UARTO_RX 94 | BOOTO| BOOTO

70 | PIN_70 I0/USBDM 95 | PIN_95]| IO

71 | PIN_71 I0/USBDP 96 | PIN_96| IO

72 | PIN_72 I0/JTMS 97 | PIN_97]| 10

73 | NC NC 98 | PIN_98| 10

74 | VSS33 GND 99 | VSS33 | GND

75 | VDD33 VDD33 100 | VDD33 | VDD33
LQFP-64
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Pin | Pin name Function Pin | Pin name| Function
1 | VBAT VBAT 33 | PIN_33 10

2 | PIN_2 IO/RTC 34 | PIN_34 10

3 | OSC32_IN | OSC32_IN 35 | PIN_35 10

4 | OSC32_0U]| 0SC32_0uT 36 | PIN_36 10

5 | OSC_IN OSC_IN 37 | PIN_37 10

6 | OSC_OUT | OSC_OuUT 38 | PIN_38 10

7 | NRST NRST 39 | PIN_39 10

8 | PIN_8 IO/ADC_IN10 40 | PIN_40 10

9 | PIN_9 IO/ADC_IN11 41 | PIN_41 10

10 | PIN_10 IO/ADC_IN12 42 | PIN_42 | IO/UARTO_T>
11 | PIN_11 IO/ADC_IN13 43 | PIN_43 | IO/UARTO_R
12 | VSSA GNDA 44 | PIN_44 IO/USBDM
13 | VDDA VDDA 45 | PIN_45 IO/USBDP
14 | PIN_14 IO/WKUP/ADC_INO/CMP_P/ 46 | PIN_46 I0/JTMS
15 | PIN_15 IO/ADC_IN1/CMP_PA1 47 | PIN_47 10

16 | PIN_16 IO/ADC_IN2/CMP_PA2 48 | VDD33 VDD33

17 | PIN_17 IO/ADC_IN3/CMP_PA3 49 | PIN_49 I0/JTCK
18 | VSS33 GND 50 | PIN_50 10/JTDI

19 | vDD33 VDD33 51 | PIN_51 10

20 | PIN_20 IO/ADC_IN4/CMP_PA4/DAC 52 | PIN_52 (e}

21 | PIN_21 IO/ADC_IN5/CMP_PA5/DAC 53 | PIN_53 10

22 | PIN_22 IO/ADC_IN6 54 | PIN_54 10

23 | PIN_23 IO/ADC_IN7 55 | PIN_55 10/JTDO
24 | PIN_24 IO/ADC _IN14 56 | PIN_56 IO/INTRST
25 | PIN_25 IO/ADC_IN15 57 | PIN_57 (e}

26 | PIN_26 IO/ADC_INS8 58 | PIN_58 10

27 | PIN_27 IO/ADC_IN9 59 | PIN_59 10

28 | PIN_28 I0/BOOT1 60 | BOOTO BOOTO

29 | PIN_29 10 61 | PIN_61 (e}

30 | PIN_30 10 62 | PIN.62 |10

31 | PIN_31 10 63 | VSS33 GND

32 | VvDD33 VDD33 64 | VDD33 VDD33

LQFP-48
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Pin | Pin name Function Pin | Pin name| Function
1 | VBAT VBAT 25 | PIN_25 10

2 | PIN_2 IO/RTC 26 | PIN_26 10

3 | OSC32_IN | OSC32_IN 27 | PIN_27 10

4 | OSC32_0U] 0SC32_0uT 28 | PIN_28 10

5 | OSC_IN OSC_IN 29 | PIN_29 10

6 | OSC_OUT | OSC_OouT 30 | PIN_30 IO/JUARTO_T
7 | NRST NRST 31 | PIN_31 IO/JUARTO_R
8 | VSSA GNDA 32 | PIN_32 IO/USBDM
9 | VDDA VDDA 33 | PIN_33 IO/USBDP
10 | PIN_10 IO/WKUP/ADC_INO/CMP_P4 34 | PIN_34 I0/JTMS
11 | PIN_11 IO/ADC_IN1/CMP_PA1 35 | PIN_35 10

12 | PIN_12 IO/ADC_IN2/CMP_PA2 36 | VDD33 VDD33

13 | PIN_13 IO/ADC_IN3/CMP_PA3 37 | PIN_37 I0/JTCK
14 | PIN_14 IO/ADC_IN4/CMP_PA4/DACQ | 38 | PIN_38 | I0/JTDI

15 | PIN_15 IO/ADC_IN5/CMP_PA5/DAC 39 | PIN_39 10/JTDO
16 | PIN_16 IO/ADC_IN6 40 | PIN_40 IO/INTRST
17 | PIN_17 I0O/ADC_IN7 41 | PIN_41 10

18 | PIN_18 IO/ADC_IN8 42 | PIN_42 10

19 | PIN_19 IO/ADC_IN9 43 | PIN_43 (e}

20 | PIN_20 I0/BOOT1 44 | BOOTO BOOTO

21 | PIN_21 10 45 | PIN_45 10

22 | PIN_22 10 46 | PIN_46 10

23 | VSS33 GND 47 | VSS33 GND

24 | VDD33 VDD33 48 | VDD33 VDD33

QFN-32
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Pin | Pin name Function Pin | Pin name Function
1 | PIN_1 IO/RTC 17 | GND GND

2 | PIN_2 IO/OSC_IN 18 | PIN_18 10

3 | PIN_3 I0/0OSC_OuUT 19 | PIN_19 10

4 | NRST NRST 20 | PIN_20 IO_UARTO_TX
5 | PIN.5 |IO_ADC_IN12 21 | PIN_21 IO_UARTO_RX
6 | VDDA33 | VDDAS3 22 | PIN_22 I0_USBDM

7 | PIN_7 |IO_WKUP_ADC_INO_CMP_PAO 23 | PIN_23 |IO_USBDP

8 | PIN_8 IO_ADC_IN1_CMP_PA1 24 | PIN_24 10_JTMS

9 | PIN.9 IO_ADC_IN2_CMP_PA2 25 | PIN_25 10_JTCK

10 | PIN_10 IO_ADC_IN3_CMP_PA3 26 | PIN_26 |0_JTDI

11 | PIN_11 IO_ADC_IN4_CMP_PA4 DACO 27 | PIN_27 |I0_JTDO

12 | PIN_12 IO_ADC_IN5_CMP_PA5_DAC1 28 | PIN_28 IO_JINTRST

13 | PIN_13 IO_ADC_IN6 29 | PIN_29 10

14 | PIN_14 IO_ADC_IN7 30 | BOOTO BOOTO

15 | PIN_15 I0_BOOT1 31 | PIN_31 10

16 | vDD33 VDD33 32 | VDD33 VDD33
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AG32VH303RCT6 & AG32VF407RGT6

l:ll:l AG32VH303RCT6 AG32VF407RGT6

1 VBAT VBAT VBAT VBAT

2 PIN_2 I0_RTC PIN_2 I0_RTC

3 0SC32_IN 0SC32_IN 0SC32_IN 0SC32_IN

4 | 0sc32_ouT 0SC32_0UT 0SC32_0ouT 0SC32_0UT

5 OSC_IN OSC_IN OSC_IN OSC_IN

6 0SsC_ouT 0SC_ouT 0SC_ouT 0SsC_ouT

7 NRST NRST NRST NRST

8 RWDS RWDS PIN_8 |O_ADC_IN10

9 PIN_9 I0_ADC_IN11 PIN_9 |0_ADC_IN11

10 PIN_10 I0_ADC_IN12 PIN_10 |0_ADC_IN12

11 PIN_11 I0_ADC_IN13 PIN_11 I0_ADC_IN13

12 GND GND GND GND

13 VDD33 VDD33 VDD33 VDD33

14 PIN_14 IO_WKUP_ADC_INO_CMP_PAO PIN_14 IO_WKUP_ADC_INO_CMP_PAO
15 PIN_15 I0_ADC_IN1_CMP_PA1 PIN_15 I0_ADC_IN1_CMP_PA1
16 PIN_16 IO_ADC_IN2_CMP_PA2 PIN_16 IO_ADC_IN2_CMP_PA2
17 PIN_17 IO_ADC_IN3_CMP_PA3 PIN_17 |O_ADC_IN3_CMP_PA3
18 GND GND GND GND

19 VDD33 VDD33 VDD33 VDD33

20 PIN_20 IO_ADC_IN5_CMP_PA5_DAC1 PIN_20 I0_ADC_IN4_CMP_PA4_DACO
21 PIN_21 I0_ADC_IN7 PIN_21 I0_ADC_IN5_CMP_PA5_DAC1
22 RWDS RWDS PIN_22 IO_ADC_IN6

23 PIN_23 I0_ADC_IN15 PIN_23 IO0_ADC_IN7

24 PIN_24 I0_ADC_IN9 PIN_24 |O_ADC_IN14

25 PIN_25 I0_BOOT1 PIN_25 I0_ADC_IN15

26 PIN_26 10 PIN_26 IO_ADC_INS

27 PIN_27 10 PIN_27 IO_ADC_IN9

28 PIN_28 10 PIN_28 |0_BOOT1

29 PIN_29 10 PIN_29 fo)

30 VDD33 VDD33 PIN_30 [o)

31 GND GND PIN_31 [o)

32 VDD33 VDD33 VDD33 VDD33

33 PIN_33 10 PIN_33 10

34 PIN_34 10 PIN_34 10

35 PIN_35 10 PIN_35 10

36 PIN_36 10 PIN_36 10

37 PIN_37 10 PIN_37 10

38 PIN_38 10 PIN_38 10

39 PIN_39 10 PIN_39 [o)
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40 PIN_40 10 PIN_40 10

41 PIN_41 10 PIN_41 10

42 PIN_42 I0_UARTO_TX PIN_42 I0_UARTO_TX

43 PIN_43 I0_UARTO_RX PIN_43 I0_UARTO_RX

44 PIN_44 I0_USBDM PIN_44 10_USBDM

45 PIN_45 10_USBDP PIN_45 10_USBDP

46 PIN_46 10_JTMS PIN_46 I0_JTMS

47 PIN_47 10 PIN_47 10

48 VDD33 VDD33 VDD33 VDD33

49 PIN_49 10_JTCK PIN_49 I0_JTCK

50 PIN_50 10_JTDI PIN_50 10_JTDI

51 PIN_51 10 PIN_51 10

52 PIN_52 10 PIN_52 10

53 PIN_53 10 PIN_53 (e}

54 PIN_54 10 PIN_54 10

55 PIN_55 10_JTDO PIN_55 I0_JTDO

56 PIN_56 IO_JINTRST PIN_56 I0_JINTRST

57 PIN_57 10 PIN_57 10

58 PIN_58 10 PIN_58 10

59 PIN_59 10 PIN_59 10

60 BOOTO BOOTO BOOTO BOOTO

61 PIN_61 10 PIN_61 10

62 PIN_62 10 PIN_62 10

63 GND GND GND GND

64 VDD33 VDD33 VDD33 VDD33
Note:

RWDS(PIN_8 and PIN_22) needs to be short circuited externally.VDD33 needs to be isolated from other power sources on the

PCB using magnetic beads separately.
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3 dock

3.1 dock sources

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

(2) HSE oscillator clock

(3) PLL clock

(4) Interconnect global clocks(FPGA Core)

The devices have the following two secondary clock sources:

(1) 40 kHz low speed internal RC (LSI), which drives the independent watchdog and optionally the RTC
used for Auto-wakeup from Stop/Standby mode.

(2) 32.768 kHz low speed external crystal (LSE crystal), which optionally drives the real-time clock
(RTCCLK)

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

3.2 HSE clock

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

(1) HSE external crystal/ceramic resonator

(2) 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.
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HSE/ LSE clock sources

HiZ

| [ll
1|
Crystal
External

source Ccl1 __ N 67

-

External source (HSE bypass)

In this mode, an external clock source must be provided. It can have a frequency of up to 100 MHz. You
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 ~50% duty cycle has to drive the OSC_IN pin while
the OSC_OUT pin should be left hi-Z.

External crystal/ceramic resonator (HSE crystal)

The 4 to 24 MHz external oscillator has the advantage of producing a very accurate rate on the main
clock. The HSERDY flag indicates if the high-speed external oscillator is stable or not. At startup, the
clock is not released until this bit is set by hardware. The HSE Crystal can be switched on and off using
the HSEON bhit.

3.3 HSI clock

The HSI clock signal is generated from an internal Oscillator and can be used directly as a system clock.
The HSI internal 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.
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3.4 PLL clock

The internal PLL can be used to multiply HSE crystal output clock frequency.

If the USB interface is used in the application, the PLL must be programmed to output 60 MHz. This is
needed to provide a 60 MHz USBCLK.

3.5 LSEclock

The LSE crystal is a 32.768 kHz Low Speed External crystal or ceramic resonator. It has the advantage
providing a low-power but highly accurate clock source to the real-time clock peripheral (RTC) for
clock/calendar or other timing functions.

The LSE crystal is switched on and off using the LSEON bit in Backup domain control register.

The LSERDY flag in the Backup domain control register indicates if 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.

External source (LSE bypass)

In this mode, an external clock source must be provided. It can have a frequency of up to 1MHz. The
external clock signal (square, sinus or triangle) with ~50% duty cycle has to drive the OSC32_IN pin
while the OSC32_OUT pin should be left Hi-Z.

3.6 LSlclock

The LSI clock is HSI divided by 256. It can be kept running in Stop mode for the independent watchdog
(IWDG) and Auto-wakeup unit. The clock frequency is around 40 kHz (between 30 kHz and 60 kHz).

3.7 System clock (SYSCLK) selection

After a system reset, the HSI oscillator is selected as system clock. When a clock source is used
directly or through the PLL as system clock, it is not possible to stop it. A switch from one clock source
to another occurs only if the target clock source is ready (clock stable after startup delay or PLL locked).

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).

3.8 RTC clock

The RTCCLK clock source can be either the CLKLOCAL(from fpga core logic), LSE or LSI clocks. This
is selected by programming the RTCSEL[1:0] bits in the Backup domain control register (RCC_BDCR).
This selection cannot be modified without resetting the Backup domain.

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

(1) If LSE is selected as RTC clock:

The RTC continues to work even if the VDD supply is switched off, provided the VBAT supply is
maintained.

(2) IfLSlis selected as Auto-Wakeup unit (AWU) clock:

The AWU state is not guaranteed if the VDD supply is powered off.

(3) If the CLKLOCAL is used as the RTC clock:

The RTC state is not guaranteed if the VDD supply is powered off or if the internal voltage regulator is
powered off (removing power from the 1.2 V domain).

The DPB bit (disable backup domain write protection) in the Power controller register must be set to 1.

3.9 Watchdog clock

If the Independent watchdog (IWDG) is started by either hardware option or software access,
(1) Under run or stop mode
Select LSE or LSI clock source by setting the IWDG_STOP_CLKSEL bit in the Backup domain
control register (w/ / ¢ .).5/ w
(2) Under Standby mode
HW will select LSE as clock source for IWDG.
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4 Reset

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

Simplified diagram of the reset circuit

VDD/VDDA
Rpu
External 1
reset Filter
NRST
WWDG reset
:| IWDG reset
Power reset
Software reset
77777

4.1 Systemreset

A system reset is generated when one of the following events occurs:
(1) A low level on the NRST pin (external reset)

(2) Window watchdog end of count condition (WWDG reset)

(3) Independent watchdog end of count condition (IWDG reset)

(4) A software reset (SW reset)

(5) Low-power management reset

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

{2FG6F NB NBaSi

The SYSRESETREQ bit in MCU Application Interrupt and Reset Control Register must be set to force
a software reset on the device.

[ 282 6 SNJ YIyI3ASYSyid NBaSi
There are two ways to generate a Iow—power management reset:

(1) Reset generated when entering Standby mode:
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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.

4.2 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

4.3 Backup domain reset

The backup domain has two specific resets that affect only the backup domain.
A backup domain reset is generated when one of the following events occurs:
(1)Software reset.

(2) vDD33 or VBAT power on, if both supplies have previously been powered off.
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5 Power control

5.1 Power supplies

The AG32VF requires a 3.135-t0-3.465V operating voltage supply (VDD33). An embedded regulator is
used to supply the internal 1.2V digital power. The real-time clock (RTC) and backup registers can be
powered from the VBAT voltage when the main VDD33 supply is powered off.

VDDA domain
VREFP
VDDA
VSSA

VDD33 domain

1.2v domain

VSS33
VDD33 Il —-

Low voltage detect

Backup domain

®
VBAT -@ @

5.2 Independent ADC and DAC 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.

(1) The ADC and DAC voltage supply input is available on a separate VDDA pin.
(2) An isolated supply ground connection is provided on pin VSSA.

To ensure a better accuracy on low-voltage inputs and outputs, the user can connect a separate
external reference voltage on Vrer+. VRrer+iS the highest voltage, represented by the full scale value, for
an analog input (ADC) or output (DAC) signal. The voltage on Vrer+ can range from 2.4V to Vopa.
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5.3 Battery backup domain

To retain the content of the Backup

and supply the RTC function when VDD33 is turned off, VBAT pin can be connected to an optional
standby voltage supplied by a battery or by another source.

The VBAT pin powers the RTC unit, the LSE oscillator and the OSC32_IN and OSC32_OUT Pins,
allowing the RTC to operate even when the main digital supply (VDD33) is turned off.

If no external battery is used in the application, it is recommended to connect VBAT externally to
VDD33 with a 100nF external ceramic decoupling capacitor.

When the backup domain is supplied by VDD33 (analog switch connected to VDD33).

5.4 Voltage regulator

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

(1) In Run and Stop modes, the regulator supplies full power to the 1.2V domain (core, memories,
digital peripherals and interconnect logic).

(2) In Standby Mode, the regulator is powered off. The contents of the registers and SRAM are lost
except for the Standby circuitry and the Backup Domain.
5.5 Power on reset (POR)/power down reset (PDR)

The device has an integrated POR/PDR circuitry that allows proper operation starting from/down to
2.2V. The device remains in Reset mode when VDD33/VDDA is below a specified threshold,
VPOR/PDR, without the need for an external reset circuit.

Power on reset/power down reset waveform

VDD/VDDA
por rising edge I100mv :
por falling edge J...seeesessesrsnnass EROOR L7 R, SO

reset
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5.6 Low-power modes

By default, the micro-controller 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. 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 AG32VF devices feature three low-power modes:
(1) Sleep mode (CPU clock off, all peripherals including core peripherals are kept running)
(2) Stop mode (all clocks are stopped)

(3) Standby mode (1.2V domain powered-off)
In addition, the power consumption in Run mode can be reduce by one of the following means:

(1) Slowing down the system clocks.
(2) Gating the clocks to the APB and AHB peripherals when they are unused.

561 {f26Ay3 R2sy aeaG8SY 0Of2014

In Run mode the speed of the system clocks can be reduced. And also slow down peripherals before
entering Sleep mode.

56.2 t SNALIKSNIf Of 201 3IFGAY3

In Run mode, the clocks 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.

563 { f SSLJ Y2RS

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 System Control register:

(1) Sleep-now: if the SLEEPONEXIT bit is cleared, the MCU enters Sleep mode as soon as WFI or
WEFE instruction is executed.

(2) 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.

Exiting Sleep mode
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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:

(1) enabling an interrupt in the peripheral control register but not in the NVIC, and enabling the
SEVONPEND bit in the 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.

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

¢lrofS v@s{ftSSLI

Sleepnow mode Description

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

i SLEEPDEEP =0 and
Mode entry .

i SLEEPONEXIT =0

Refer to the System Control register.

If WFI was used for entry:

) Interrupt: Refer to : Interrupt and exception vectors

Mode exit

If WFE was used for entry

Wakeup event: Refer to : Wakeup event management
Wakeup latency None

¢ ofS 2¢5EAGISSLI

Sleepon-exit Description

WEFI (wait for interrupt) while:

i SLEEPDEEP =0 and
Mode entry .

i SLEEPONEXIT =1

Refer to the System Control register.
Mode exit Interrupt: refer to: Interrupt and exception vectors.
Wakeup latency None

56.4 { 12L) Y2RS

The Stop mode is based on the MCU deep-sleep mode combined with peripheral clock gating.

In Stop mode, all clocks in the 1.2V domain are stopped, the PLL, the HSI and the HSE oscillators are
disabled. SRAM and register contents are preserved.
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In the Stop mode, all I/O pins keep the same state as in the Run mode.

OYGSNRAY3a {G2L) Y2RS
Refer to Table 3 for details on how to enter the Stop mode.

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:

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

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

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

The ADC or DAC can also consume power during the Stop mode, unless they are disabled before
entering it.

9EAGAY3T {(G2L) Y2RS
Refer to Table 3 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.
¢rofS od {G2LI Y2RS

{21 Y2RS | Description

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

i Set SLEEPDEEP bit in System Control register

i Clear PDDS bit in Power Control register (PWR_CR)

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

If WFI was used for entry:

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

Mode exit Interrupt and exception vectors.

If WFE was used for entry:

Any EXTI Line configured in event mode. Refer to:

Wakeup event management

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

OYGSNARYy3a {GFyRoO6& Y2RS
Refer to Table 4 for more details on how to enter Standby mode.
In Standby mode, the following features can be selected by programming individual control bits:

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

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

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

9EAGAY3T {Gl yRo& Y2RS

The micro-controller exits the Standby mode when an external reset (NRST pin), an IWDG reset, a
rising edge or falling edge on the WKUP pin or the rising edge of an RTC alarm occurs. All registers are
reset after wakeup from Standby.

After waking up from Standby mode, program execution restarts in the same way as after a Reset. The
SBF status flag in the Power control/status register (PWR_CSR) indicates that the MCU was in
Standby mode.

Refer to Table 4 for more details on how to exit Standby mode.

¢-rofS no {dlIlyRoe& Y2RS

{G2L) Y2RS |Description

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

i Set SLEEPDEEP in System Control register

Mode entry i Set PDDS bit in Power Control register (PWR_CR)

i Clear WUF bit in Power Control/Status register (PWR_CSR)
T No interrupt (for WFI) or event (for WFI) is pending

Mode exit .
NRST pin, IWDG Reset.

WKUP pin rising edge, RTC alarm evern

Wakeup latency Reset phase

I/O states in Standby mode

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

(2) CLKRTCOUT pin if configured for calibration out

(3) WKUP pin, if enabled
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56.6 | dzipd | SdzLJ 6! 2 -Li2 FNWYY X RS

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

(1) Low-power 32.768 kHz external crystal oscillator (LSE OSC).
This clock source provides a precise time base with very low-power consumption.
(2) Low-power internal RC Oscillator (LSI RC)

This clock source has the advantage of saving the cost of the 32.768 kHz crystal.
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6 Interrupt Controller

The AG32 device embed a nested vectored interrupt controller able to manage 16 priority levels, and
handle up to 44 maskable interrupt channels plus the 16 interrupt lines of the RISC-V core.

6.1 Local interrupts

4 local interrupts (LOCAL_INTO-3) are connected directly to the core and have lower latencies. They
have fixed priorities.

6.2 External interrupts

External interrupts are routed through the Platform-Level Interrupt Controller (PLIC). They have
programmable priority levels and a threshold. The interrupt numbers are listed below:

Ly & & NNHzLIG Ly G 8 NNHzLJIG | 2YYSyi
C[! {] M
w ¢/ H
C/ . n 0
21 ¢/ 1 5hDn n
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6.3 Overall priority

From highest priority to lowest:

A LOCAL_INT3

A LOCAL_INT2

A LOCAL_INT1

A LOCAL_INTO

A External interrupts from PLIC
A Machine software interrupt

A Machine timer interrupt

6.4 Interrupt enable

1 The machine interrupt eYWamaehi MéESt i tsofeghet Rt S|

be set as a gl obal enabl e for all interrupts.

1 Corresponding i macihmnehe nReS8€Cupt enable register
each type of interrupt to worKk:
A The machine external interrupt enable (MEI E)
A The machine software interrupt enable (MSIE)
A The machine timer interrupt enable (MTIE) bit
A Bitslo9ld&g or LOGALrleNpectively.

6.5 Interrupt registers

Machine software interrupt pending (MSI P)
1 Address: 0x2000000
1 Bit O0:

A Write 1 to trigger machine software interrupt

A . Write O to clear the pending status

Machine timer compare | ow (MTI MECMP_LO)

1 Address: 0x2004000

1 Bit [31:0]: Lower 32 bits of the machine timer
Machine timer compare high (MTI MECMP_HI)

1 Address 0x2004004

1 Bit [31:0]: Hi gher 32 bits of the machine ti mer
Machine timer | ow (MTI ME_LO)

1 Address: Ox200bFFS8

1 Bit [31:0] Lower 32 bits of the machine ti mer

Machine timer high (MTI ME_HI)
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1 Address: O0x200bFFC
1 Bit [31:0] Higher 32 bits of the machine timer r e

External interrupt priority (PRI ORI TY)

1t Address: 0xCO000000 + (interrupt number * 4)

1 Each priority registers holds the priority I|level

1t The valid range of priority | evel is from O (Il owe!

External interrupt pending (PENDI NG)

1 Address: 0xC001000

1 Each interrupt has 1 bit pending status. The bit

1t The bit is set automatically by hardware when the
cleared automatically by reading the CLAI M_COMPLE
interrupt has the highest priority.

External interrupt enable (ENABLE)

1 Address: O0xC002000

1 Each interrupt has 1 bit enable. The bit offset i

1 Each bit can be set or cleared by software.

External interrupt threshold (THRESHOLD)

1 Address O0xC200000

1 Bit [3:0] Can be set by software to determine th
external interrupts that have higher priority tha
CPU core.

External interrupt c¢claim and complete (CLAI M_COMPLE"

1 Address 0xC200004

1 Reading this register wild.l return the highest pr
corresponding pending bit (only for enabled inter
I nterrupts are numbered starting from 1, a read V:
this register wildHl compl ete the interrupt and mak

respond again
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7 Dual Timer@asicTimers)

7.1 Introduction

The Dual-Timer module consists of two programmable 32/16-bit down counters that can generate

interrupts on reaching zero.

wTwo 32/16-bit down counters with free-running, periodic and one-shot modes.

wCommon clock with separate clock-enables for each timer gives flexible control of the timer intervals.
wlinterrupt output generation on timer count reaching zero.

wldentification registers that uniquely identify the Dual-Timer module. These can be used by software

to automatically configure itself.

Figure below shows a simplified block diagram of the module.

AMBA APB
signals

AMBA APB Interface
ID registers

Integration test registers

TIMCLK

Y

TIMCLKEN1 =

Timer 1 Free Running Counter

| Prescaler | | 32/16-bit down counter

Load Register

Value Register

Background load Register
Control Register

Raw Interrupt Status Register
Masked Interrupt Status Register
Interrupt Clear Register

TIMCLKEN2 ———»]

Timer 2 Free Running Counter
| Prescaler | | 32/16-bit down counter ‘

Load Register

Value Register

Background load Register
Control Register

Raw Interrupt Status Register
Masked Interrupt Status Register
Interrupt Clear Register

TIMINT1 ———»

Dnmmrc-»

TIMINTZ——
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7.2 Functional Overview

721 hSNWIASS

The Buader module consists of two identical programmabl

be configbied-bforléPp2rati on and one of three timer mode

A farwerening

A periodic

A osteot .

The FRCs operate fr om Ta MCdwiniohn etaicnhe rF Rd ohcakv,i ng i ts ow

i npult MCLKENTI MCLK.EENRach FRC also has a prescaler that

TI MCLKHte by 1, 16, or 256. This enables the count rat¢

using their individual c¢clock enables and prescalers.

Tl MCktlkn be equal to or PELKEregbemntyi pHewevVernr hethe pos

TI MCERKBCLKuUust be synchronous and balanced.

The operation of each Timer module is identhictalor A Ti

l1ebit counter size and one of three timer modes using

Freeunni nOhe counter operates continuously and wraps ar
that it reaches zero.

PeriodicThe counter operates continuously by reloadin
that the counter reaches zero.

Ones hot The counter is |l oaded with a new value by wri
decrements to zero and then halts until it is
The timer count is | oaded by writing to the Load Regi s
a rate detBIrvCluid MChKENXNnd the prescaler setting. Wh e |
already running, writing to the Load Register causes
val ue.
An alternative way of | oading the Timer count is by wr
i mmedi ate effect on the current count but the counter
Ti mer count is reloaded from the new | oad value if it
When the Timer count reaches zero an interrupt iis gen:
I nterrupt Clear Register. The external interrupt sig

Registers.
The current counter value can be read from the Value R
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The Buaner module block diagram is shown in Figure bel
Timer 1 Free Running Counter
Timer1Load
Prescaler Register
——PRESETn——]  AMBAAPE Interface _|=PWDATA[31:0] ‘ TimertB0Loac ‘ Timert Conteel ‘
PSEL— L PADDR[11:2] g “1
——PENABLE — FrcSel1 i p
PWRITE - FrctData[31:0] 32/16-bit down counter |
=——PADDR[11:2] =] FrcSel2 L—‘—lT
 PUWDATA[31:0] mes] ID Registers le= Frc2Data[31:0] me -
«—PRDATA[31:0] —] | Integration Test Registers Timer1Valua interrupt and | TIMINTA .
Register reload control |
PCLK ——
—TIMCLKEN1 Raw Interrupt Status Register
Masked Interrupt Status Register
— TIMCLK Interrupt Clear Register
Timer 2 Free Running Counter
Timer2Load
Py | Register
rescaler g _,‘|_>—TIMINTC —
Timer2BGLoad Timer2Control
.| h
Register Register
| 1
32/16-bit down counter |
Timer2Value Interrupt and |
Register reload control [ TIMINT2 >
Raw Interrupt Status Register
Masked Interrupt Status Register
——TIMCLKEN2 Interrupt Clear Register
" " A~ a N s~
7221101 -"1 10 YT OAOEAAA
The AMBA APB sl ave interface generates read and write
Duarli mer modul e.

~ Z

7222 &0KXOT 1T ET ¢ AT O1 OAO Al T AEO

The two FRCs are identi-bat dodn cooauntaer thaed 3IRhtLérrup
counter l ogi ¢ is cl PCke&OYTIi MAleHr e cdoennjtulnyct oon wi th a ¢
TI MCLKEBENXhough there are constraP@GLEN®NhMCbIE rel ati onst
Al though the two FRCs are drliMCdmKefacdmta meommonnt!| oak
independently <controlled by TIhMALUKEMAEpECLE KENZT hcedl oc k¢
prescaler in each FRC gives a further independent cont
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7223)1 OAOEAAA OAOAOD

The Buaner module is reset PRESEA® gl obal reset signa

PRESEdan be asserted asynchronously to PCLK but must b
edge OfPRESKITI® used to reset -Ttimers tmotda | ef rtelja seweals. Tt
modul e r e PRESES it matserted LOW forPQUK lle@astummae ypetrihed -

s initialized to the following state after reset:
the counter is disabled

f-rriereni ng mode is selected

b6t counter mode is selected

prescalers are set to divide by 1
interrupts are cleared but enabl ed

the Load Register is set to zero

the counter Value is set to OxXFFFFFFFF.

To Do Do Do Do Do Do

7224 #1 1 AE OECTI A1 O AT A Al T AE AT AAl AO

The Buarner modul e uses two input clocks:

APCLKs used to time all -AiPBermacmedsles nteogi htee D al

ATI MCLikK qualified by Ti MELEBNEK MELKENEsd used to cloc
prescalers, counters and their d¢$¢Meeateed si nedreruvuptd I o
effective timer clock rate. The prescaler counter onl
TI MCLKENMNX HI GH. The Ti mer counter only decrement s on
TI MCLKENXHI GH and the prescaler counter generates an e

The rel ati onlslMCoh KbBeCtLWeuesnt o bserve the following constr .
A the risiThyCeigeésbef synchronous and b®ICaAaKKced with a r
ATl MCEKequency cannoPCh&rggqeahey. t han

Tl MCLTHK MCL K[ENdINndMCLKE®ANB be used in the ways described i
A TI MCLK equals PCLK and Tl MCLKENX equals one

A TI MCLK equals PCLK and Tl MCLKENX is pulsed

A TI MCLK is 1les than PCLK and TI MCLKENX equal s

A TI MCLK is 1les than PCLK and TI MCLKENX is pul sed.

Not e:

Unl ess otherwise stated these examples use a prescale
either Timerl1l or Timer2 in the module. TIMCLKENX refer

S
S

Tl MCLK equals PCLK and TI MCLKENX equals one
Figure below shows the caseP@hlindl NMCMKEKX per mdaernt t gl
enabl ed. In this case, theT¢MCeeHgr.i s decremented on e
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Count ___X n X n-1 X n-2
eotk [ | [ ][ |
otk [ [ ][]
TIMCLKENX=1

B

Tl MCLK equals PCLK and TI MCLKENX is pul sed
Figure below showd MCHL& das?Ciillaifé MOLKBENXY enabl es eve

secolnduCEeHKge. I n this case, the countTdrMCiLK sd encgr eemegret. e d
Count n X n-1 }( n-2
(=% S R S I A A
mmek [ [ L [ L[ L[

TIMCLKENX : | \ f \ /

TI MCLK is | ess than PCLK and TI MCLKENX equals one

Figure below showd MCEKegasecwherse a PBQlbfrud ¢ u eod cey olf u tt hteh
ri sing EBldgébBKefsynchronous REHKUOg#Hd MCdKEWIXtpher manent | y
enabl ed. I n this case, theTdéMCrLKasli nigs edlger ement ed on e

Count :X n :( n-1 X:

pek [ [ L[ L[ LI
TIMCLK
TIMCLKENX=1

TI MCLK is |l ess than PCLK and TI MCLKENX is pul sed
Figure below showd MCEKegasecwherse a BQlbfrud ¢ u eod cey olf u tt hteh
ri sing €dMEBKef synchronous ®ICdKhaglefanMGLIKBAK XYW enabl es

every slddcCreddge. In this case, the countTelrMGiksK sdiecg e me n
edge.

Count n :( n-1 X n-2

2SI s I s S S S T

TIMCLK
TIMCLKENX _ [ [ \ / ] \
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7225 0 0A0AAT AO 1T PAOAOGET 1

The prescaler generates a timer clock enable that i s
counter at one of the following rates:

A the effective tTil ML KclquaKTilrfMGdaK BiNye r e

A the effective timer clock rate divided by 16

A the effective timer clock rate divided by 256.

Figure below shows how the timer clock enable is gener
Timer clock
enable Divide by 16 — Divide by 16
(TIMCLKENX)
L 1o

Timer clock enable

01 ;
after prescaling
00
TimerX Control ) .
Register ———TimerPre[1 .0]—1

Figure below shows an example of how the prescaler ge
setting of divide by 16.

TIMCLK

e [T UUTU U T i gy

TIMCLKENX

\

16 enabled TIMCLKs —»

Prescaler enable 16 enabled TIMCLKs —»
(divide by 16) ¥ i {
Count n ¥ n1 X n2 {  n3
L T

7226 4EI AO 1 PAOAOGEIT 1

After the initial application and release of PRESETN,

A the counter is disabled, TimerEn=0

A farierening mode is selected, TimerMode=0 and OneShot =0
A b6t counter mode is selected, TimerSize=0

A prescalers are set to divide by 1, TimerPre=0x0

A interrupts are cleared but enabled, I nt Enabl e=1
A the Load Register is set to zero
A the counter Value is set to OxFFFFFFFF.

The operation in each of the three Timer modes is desc

po omy
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A Freening mode

A Periodic mode

A Oskot mode

Freeunning mode

Freeainning mode is selected by setting the following bl
A set TimerMode bit to 1

A set OneShot bit to O.

The -b32 it l@&@ounter operation is selected by setting
Ti mer Control Register.

On reset the timer value is initialized to OxFFFFFFF
decrements by ToMmMECPpHern teaeh adMECLWEBX HI GH and the pre:
generates an enable pul se. Al ternatively, a new initi
Ti mer XLoad Register and the counter starts decrementin
I n -b3i2t mo d e, when the count reaches zer o, Ox00000000,
wraps around to OXFFFFFFFF irrespective of the wvalue |
to decrement again and this whole cycle repeats for as
I n -blié6t mod e, only thbiteasef shgnicbuonaetr &h6e decrement
reaches 0x0000, an interrupt is generated and the cou
value in the Timer XLoad Register.

I f the counter is disabled by clearing the Timer En bit
holds its current vedalel.ed fagéaien ctoluennt etrhd scauwnt er cont
the current value.

The counter value can be read at any time by reading t
Periodic mode

Periodic mode is selected by setting the following bit
A set TimerMode bit to O

A set OneShot bit to 0.

The -b32 it l1@ounter operation is selected by setting
Ti mer Contr ol Register.

An initial counter value can be |l oaded by writing to
decrementing from this value i f the counter is enabl ed
| n -b3i2t mo d e, the full 32 bits of the counter are dec
O0x00000000O0, an interrupt is generated and the <counte
Register. The counter starts to decrement again and tF
is enabl ed.

I n -bli6t mode, only thbiteasef shgnicbuonaetr &h6e decrement
reaches 0x0000, an interrupt is generated and the <cou
Register. The counter starts to decrement again and tF
is enabl ed.

| f a new value is |l oaded into the counter by writing
running then the counter values cHaMECe&emMboMChKENXwW | 0a
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i s HI GH.

If a new value is written to the Background Load Regi
then the Timer XLoad Register is also updated with the
decrement to zero. When it reaches zero, the counter r
|l oad value for each subsequent reload for as |l ong as t
I f the counter is disabled by clearing the TimerEn bit
holds its current vearalel.ed fadgaien ctoluennt etrhea scawnter cont

the current value.

Ons hot mo d e

Ones hot ti mer mode is selected by setting the OneShot
Ti mer Mode bit hashmnto mdde.ct i n one

The -b32 bit l@&@ounter operation is selected by setting
Ti mer Contr ol Register.

To initiate a countshdawmmosdeequemrcied ei m onreew | oad value t«
and the counter starts decrementing from this value if
I n -b3i2t mode, -btihtes foul It h32 counter are decremented and
O0x00000000O0, an interrupt is generated and the counter
I n -blié6t mod e, only thbiteasef shgnicbuonaetr &h6e decrement
reaches 0x0000, an interrupt is generated and the coun

Ons hot mode can be retriggered by writing a new valu
values changes to the AéWMCléiaethl MEGLKENXHI GHe next

7227)1 OAOOODPO AAEAOGET O

An interrupt is generated if I nt Enabl e=Hdi tanmodieh eorc oL
OX XXXXO0O0O0Wi ti nmadde. The most significant -Hi6t bmbdeof the
When the Timer module rai3$edM AdMXhetermupyg Obf BbBBEersigre
from a risingl MCeKabedd dcCp KENWhen the interrupt is cle
the Interrupt Clear RlelgMisMTegnallTi merdeas€br fRAK mmedi at
domain rather than wailTt MCgKsomgt eelgrext enabl ed

Figure below illustrates an example of the timing for

PCLK

TIMCLK | |
TIMCLKENX " /
Interrupt clearecflmmedlately on
TIMINTX “"h?""UI:'t asserted when counter write to Interrup} Clear Register
reaches zero
PSEL . { \ ;
PENABLE . / .
th )
N

Write to Interrupt Clear
Register, TimerXIntCir
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The interrupt signals gehleMlall®BHI MyNT@a&n Th enema snloadi | Yy s

the I ntEnable bit to 0 in the Timer XControl Register.
read from the Timer XRI'S Register and the masked inter
Register. Figure below shows how the raw and masked in
TimerXMIS
Register
TimerXRIS
Register
Timer FRC Raw |nterrupt—D_ TIMINTX
Timer)(_ControI IntEnable
Register

7228 001 COAi i ET ¢ OEA OEI AO

z A~

ET OAOOAI

Table below shows the equations that are used to cal cl
mode in terms of:

AT| MCHrKb s t he f rTdguCdmkcy of

ATI MCLKENX the effectiTvleMCdrikkvties i oyn toHe ThIMCLKENKaDI| e,
examplTé MCLKENAXbl es every fourThMTLKENK. edge t hen

A PRESCALEDIV is the prescaler division factor of 1, 1
A TimerXLoad is the value in the Load Register.

Mode Interval

Free-running 32-bit

TIMCLKENX,,,, x PRESCALEy, | .,
TIMCLK .,

Free-running 16-bit

TIMCLKENX,,,, X PRESCALE, | .
TIMCLK g

Periodic and One-shot

|:TIMCLKENXDN x PRESCALE

OV | x TimerXLoad
TIMCLK,, }x imerXLoa
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1 m:

Ti mer

For exampl e, the Timer XLoad value refqQuMC®KO0OfMHz , a
TI MCLKENMX, and PRE$SCAEEcalculated as shown in Exampl e
TimerXLoad = {T|Mct];egui::lh;%e}géiiem }
TimerXLoad = [W} = 10° = 0x000186A0
Not e:
The minimum valid value for Timer XLoad is 1. | f
i mmedi atel y.
73001 COAI T AOB6O -1 AAI
731 dzYYI NE 2F NBIA&GSNE
Address Type Width | Reset value | Name Description
Base-0x00 Read/write | 32 0x00000000 | TimerlLoad See Load Register, TimerXLoadn
Chapter 3.2.1
Base+0x04 Read 32 OXxFFFFFFFF | TimerlValue See Current  Value Registg
TimerXValue on Chapter 3.2.2
Base+0x08 Read/write | 8 0x20 TimerlControl | See Control Register, TimerXContr
on Chapter 3.2.3
Base+0x0C | Write - - TimerlIntClr See Interrupt Clear Registg
TimerXIntClr on Chapter 3.2.4
Base+0x10 Read 1 0x0 TimerlRIS See Raw Interrupt Status Regist
TimerXRIS on Chapter 3.2.5
Base+0x14 Read 1 0x0 TimerlMIS See Masked Interrupt Status Regis
TimerXMIS on Chapter 3.2.6
Base+0x18 Read/write | 32 0x00000000 | TimerlBGLoad | See Background Load Register,
TimerXBGLoad on Chapter 3.2.7
Base+0x20 Read/write | 32 0x00000000 | Timer2Load See Load Register, TimerXLoad (
Chapter 3.2.1
Base+0x24 Read 32 OXFFFFFFFF | Timer2Value See Current  Value Registe
TimerXValue on Chapter 3.2.2
Base+0x28 Read/write | 8 0x20 Timer2Control | See Control Register, TimerXContr
on Chapter 3.2.3

pt/omy
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Base+0x2C | Write - - Timer2IntClr See Interrupt Clear Registe
TimerXIntClr on Chapter 3.2.4
Base+0x30 Read 1 0x0 Timer2RIS See Raw Interrupt Status Register,
TimerXRIS on Chapter 3.2.5
Base+0x34 Read 1 0x0 Timer2MIS See Masked Interrupt Status Registe
TimerXMIS on Chapter 3.2.6
Base+0x38 Read/write | 32 0x00000000 | Timer2BGLoad | See Background Load Register,

TimerXBGLoad on Chapter 3.2.7

7.4 Register descriptions

7411, 1T AA 2ACEOOAON

The Timer XLoad

decrement. This is the value
count reaches zero.

When this register is written to

ri sing Td MdCdvKa fc h

Not e:
mi ni mum vailmer Xbhsa®&i méf Xil D aget to O then an interr

The

i mmedi ately

t hi swrrietgti esnt eirf
i mmedi ately

The value in
count i s not
| f val ues ar e

edge TbNMCLKt hen

repl aces
resets

Reading

t he

current

to the

written to

for

7412 # O0O0AT O 6AI1I OA

The

counter.

Af ter

py omy

a | oad

from

t he

mo d e

val ue

written

Ti mer XLoad
Ti mer XBGLoad.
Periodic

after

operation

t o

count
written to Ti mer XBGLoad.

has

is EhNMBLEENKY

itsh eal TsiomeorveBGL o a d

4EI AO8, 1T AA

Reigti st egi sitsera th2at contains the value
used to reload the counte

directly, the current

affected.
both the Timer XLoad and
thdl MEkeKHgenahkedal ue written to

2 ACEOOAON

Ti mer XVal ue -bRea g-ocetaglr r egi at 82

val ue.

next

Af ter that, each

Register at any time after
That i s, the value read from
t he

ti me the counter

~

4EI AOs86 Al DA

that gives the curren

taken place by writing

Regi ster



AG32

register reflects the newClLd&d dckaldweanaii mmevd it ehtoaulty wian tti
Tl MCeEKHge quaTl MCleWE N X

Not e:
The most significhnt Teémébéi X¥alode tRhegi32ter are not aut

l1eéebit timer mode. -bfttmede¢éi mbeni she nmd$t significant
Regi ster mi g hzterlaweal aaenarf the ti-metr made paredi auwmkyt e
Ti mer XLoad Register has not -micttumocaegel. since the change

7413 #1171 0011 2ACEOOAOh 4EiI AOs#i1 0011
The bit assignments of the Control Register are |isted

Table 3-2 Control Register bit assignments

Bits Name Type Function
[31:8] - - Reserved bits, do not modify, and ignore on read
[7] TimerEn Read/write  Enable bit:

0 = Timer module disabled (default)

| = Timer module enabled.

[6] TimerMode Read/write  Mode bit:
0 = Timer module is in free-running mode (default)

1 = Timer module is in periodic mode.

[5] IntEnable Read/write  Interrupt Enable bit:
0 = Timer module Interrupt disabled

1 = Timer module Interrupt enabled (default).

[4] - - Reserved bit, do not modify, and ignore on read
Bits Name Type Function
[3:2] TimerPre Read/write  Prescale bits:

00 = 0 stages of prescale, clock is divided by 1 (default)
01 = 4 stages of prescale, clock is divided by 16

10 = 8 stages of prescale, clock is divided by 256

11 = Undefined, do not use.

[1] TimerSize Read/write  Selects 16/32 bit counter operation:
0 = 16-bit counter (default)

1 = 32-bit counter.

[0] OneShot Read/write  Selects one-shot or wrapping counter mode:
0 = wrapping mode (default)

I = one-shot mode.

Caution:
The counter mode, size or prescale settings must not b
new configuration is required then the Timer modul e m

pgomy
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values written to the appropriate r eeginathdred. aTfTher Titn
configuration changes are complete. Failure to follow
of the device.

Any write to this register, clears the interrupt outopu

A N~ - Z

74152 Ax )1 OAOOOPO 30AO00 2ACEOOAOh 4Ei AO82) 3

The Timer XRI'S Register indicates the raw interrupt st a
in Table bel ow.

Bits Name Type Function
[31:1] - - Reserved bits, do not modify, and ignore on read
[0] TimerXRIS Read  Raw interrupt status from the counter

7416 - ACEAA )1 OAOOODPO 30A0OO 2ACEOOAOh 4EIT AOS-

The Timer XMI'S Register indicates the masked interrupt
AND of the raw interrupt status with the Timer Interr

same value which is passedl MIONT ¥hee imitteraupitg mmarptuti spil
bel ow.

Bits Name Type Function
[31:1] - - Reserved bits, do not modify, and ignore on read
[0] TimerXMIS Read  Enabled interrupt status from the counter

cn/omy
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7417 " AAECOiI OT A ,TAA 2ACEOOAOh 4EIi AO8s"' , 1T AA

The Ti mer XBGLoad -lRietgi segrstiesr at &2t contains the value
decrement. This is the value used to reload the counte
count reaches zero.

This provides an alternative method of accessing the T
to Ti mer XBGLoad do not cause the counter to restart fr
Reading from this register returns the same value re
Ti mer XLoad on page before for more information.

c™Momy



AG32

8 Advancedcontrol timers

8.1 Introduction

The adwvanrcterdo | ti mers -bcansraesltooadf caum3t2er dri ver
programmabl e prescal er.

It

may be used for a variety of purposes, inclu

signal s (input capture) or generating out put
compl ementary PRWMnewiitnhs edretaidon) .

Pul se |l engths and waveform periods can be modu
several milliseconds using the timer prescaler a
The adwanrcterdo | apdrpgpeser ai mers are completely i

not share any resour ces.

8.2 Main features

cH omy

Ti mer features include:
A 32it up, down;r ed p/addo wro uau tea .
A 1eéeit programmable prescaler allowing dividing
frequency either by any factor between 1 and 6
A Up to 4 independent channels for:
T Il nput capture
) Out put compare
T PWM generation (-BdpggnaddM@da} er
i Oneul se mode out put
A Complementary outputs wiitme programmabl e dead
A Synchronization circuit to control the timer w
several timers together.
A Repetition counter to update the timer registe
the counter.
A Break input to put the timerds output signals
I nterrupt/ DMA generation on the following eve
i Update: counter overflow/underfl ow, counter
internal/ external trigger)
i Trigger event (counter start, stop, initiald@
trigger)

T Il nput capture
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) OQut put compare
T Break input

A Supports incremental (qiaedrsatrurce ) caunda drerf oan @ «
pur poses

A Trigger input for -begyereatuctenk management

CAIdZNE vMO2YyRHARPY OSSR YSNI 6t 201 RAFIANI Y

CK_from RCC Iniesmal clock (CH_INT} >
Trigger
ETR & selechon e
= ! Edgbms:‘nd Prescaler 2L
w ETRP
\\\ TRGO n 1o other timers
\ Input flter ¥ To DAC and ADC
ITRO ——— J_IE‘
TR ———
TRZ —— i TRGI Slave mads
TRC | | controer
TR —— /
TIF_ED
=
] > Rassl, ul
Enable, f\-’
L~ UpiDown,
THFP1 = E Courd REP Register
1 o ncodar
TIZFP2 » nierface {F‘ -
—* &
“*—{Pt AunoReload 8
Femgisbar ]
¥ 15
=]
CK_PSC PEC CH_CHT CHT ]
Tl (prescabarc) F [courler) DTE[T:0] registers 5
ool J\L oot 18
E L TIFP1 » e ﬁf: ¥ N "
Impat fikier & b 1l B CapturedCompare  |0:C1REF, Ctpad [~
Edge delecier [rrps ”] fer "“f; 1Register | P U0 | gl e b
> o5 [ ez * 08
TIZFP1 .__ .
T » ezt » I:aplzmﬂ:an'palrﬁ _ OCIREFL| o1 Ouput
2FP2 egisier pfe| coreal
— ~~{ ocan
™ s U] e
OC3
ah]| ™ Imput filier & * lica | o ICIPE CaptureiCampare |ocarer, [ - p— e -
5 Edge delecior - > escaler 3 Register junan =
TRC CC4l v ool 4 i
TI4FE o . M 3 B
T T Inpat fiber & * ic4 IC4PS [ CaptureiCampare |OC4REF o[ et 1z
I [ - Prescaler » A |=en= > ]
o Edge delecior FPa » 4 Regisier conial
TRC Y
L4
BRE
20—y oy }— T 1 .
Clock failure event from dock controller .L./
CS% [Clock Security System)
A nterrupt & DMA output
~u Event
MESIL0EVT
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8.3 Functional description

831 ¢AYS &S dzy Al

The main block of the -cporndagrod mmarbnieer aidsv aagne®@ wi t h
rel at erdelaacudad regi ster. The counter can count up,
counter clock can be divided by a prescaler.

The counterel ohed megioster and the prescaler regi
software. This is true even when the counter is

The +ifiame uni-t includes:

A Counter register (TCNT)

A Prescaler register (PSC)

A Autrel oad register (ARR)

A Repetition counter register (RCR)

The awttwmad register is preloaded.reNrddad nrge dgios toea
accesses the preload register. The content of th
shadow register permanently or at each updat e

autrel oad preload enable bit (ARPE) in CR1 regist
counter reaches the overflow (or underfl ow when

0O in the CR1 register. 1t can also be generated
event is described in detailed for each configur
The counter is clocked by the prescaler output (
counter enable bit (CEN) in CR1 register is set
description to get more details on counter enabl

Note that the counter starts counting 1 clock ¢
register.

t NBaOl f SNJI RSAONRLIIAZ2Y

The prescaler can divide the counter clock frequ
I't i s bashkeidt omouwntleér c ont-briotl | reedg it shtreoru gthi m tltee P S
can be changed on the fly as this control regis
taken into account at the next update event.

Figumae&#2gugeéeve® some examples of the counter beh
ratio is changed on the fly:

&
Q)¢
O

CAIdzNB Hd / 2dzy iSNJ GAYAYy3I RAFINIHY GgAGK LIN

cn omy
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CEN

Counter register F7 ' 00 X o1 X

02
Update event (UEV) ﬂ
Prescaler control register 0 ':l( 1
Write a new value in PSC
Prescaler buffer 0 )X 1
Prescaler counter 0 1 0 ““n

MS331076V2

CAIdz2NB od / 2dzy iSNJ GAYAY3I RAFIANIAY gAGK LINBAOI

«e gyl

CEN .

Timerclock = CK_CNT M

Counter register F7 FC 00

|

Update event (UEV) H
Prescaler control register 0 ‘:( 3
Write a new value in PSC i i
Prescaler buffer 0 X 3

Prescaler counter

MS31077V2

cp/ omy
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832 / 2dzy 1 SNJ Y2 RS &

' LJO2dzy GAY3 Y2RS

I n upcounting mode, the coumdledgadcdowaltse f ([ ©®ann t0e nt1
ARR register), then restarts from 0O and generate
I f the repetition counter is wused, the wupdate

repeated for the number of times programmed
(RCR+1). Else the update event is generated

Setting the UG bit in the EGR register (by
al so generates an update event .

The UEV event can be disabled by software by

This is to avoid updating the shadow registers
registers. Then no update event occurs unti

the counter restarts from O, as wel |l as the
does not <change). I n addition, if the URS bit
set, setting the UG bit generates an update
(thus no interrupt or DMA request is sent).
capture interrupts when clearing the counter
When an update event occurs, al | the registers

SR register) is set (depending on the URS bit):

A The repetition counter is reloaded with the

A The awttmad shadow register is updated with

A The buffer of the prescaler is reloaded with

register).

The following figures show some examples of
frequencies when ARR=0x36.

cclomy
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CAIdzNBE nd /2dzy SN GAYAY3I RAIFINIYSI AYGSNYI f

Jypuutu UL

I Y@t

/I beyT

CAYSNDE 261_'47_|_|_|_|_|_|_|_|_|\_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_‘
/ 22/ i SNI N 0 o+ 0 nf

| 2 dzy i SNITZE

'LRFGS S@Sy

PLIRFGS Ay G SNNIz

MS31078
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CAIdzNB p® [/ 2dzy 0SNI GAYAY3I RAFANIYZ AYyQdS

Jyiyguiuyuuydyyyl

CK PSC

CNT EN

L] L L]

Ti merclock = C
wnol nno) ann)anal

Counter e nn- XAMXAM

Counter ove

Update event

MS 2107 ¢\

interrunt

Unpdat e
Figure 6. Counter timing diagram, internal
CK PSC
CNT EN
Ti merclock = C
Counter r e nna X nna nnn. X nnn
Counter ove
Update event
Update interrunpt
7 Counter timing diagram, internal

e RSV, JUUUUUUUL
I

Ti merclock = C
Counter r.es 2N nn
ove

Counter

Unpdate event

Update interrunpt
AMC 21 N9

cyl omy
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CAIdzNBE y @ / 2dzy i SNJ GAYAYy3I RAFINIYZ dzLRFGS S@Syi

CEN

e —| LU U U UUUU U UL
couerregiter __ 31 [32]33 [ 34 Jas | 36 Jooox foz | o2 fos fos fos [ o7

Counter overflow

Update event (LUEV)

Update interrupt flag (UIF)

Auto-reload preload register FF H 36

/

Write a new value in ARR

ME31082v3

CAIdzNBE o / 2dzy i SNI GAYAY3I RAIFINIYI dzLJRFGS S

CEN

mmersoscecxont —| LU U U UL

Counter register

Counter overflow

Update event (UEV)

Update interrupt flag

(UIF) '
Auto-reload pre!uad F5 ]( . G
register ’
Auto-reload shadow / :
register / F5 H 36
i !
Write a new value in ARR MES0RIVE

cf omy
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5y02dzydAy3d Y2RS

I n downcounting mode, t he-rceduwmntde rv ad auven t(sc ofnrtcem tt h
register) down to O, t-rheelno arde s alru e & mrd mg & rheer aat uet
underfl ow event.

I f the repetition counter is used, the update e\
is repeated for the number of times programmed i
(RCR+1). El se the update event is generated at e

Setting the UG bit in the EGR register (by softuv
al so generates an update event.

The UEV update event can be disabled by software
This is to avoid updating the shadow registers

registers. Then no update event occurs until UDI
counter restarts febmattheatuerewhenetas the count
restarts from O (but the prescale rate doesndt ¢

I n addition, if the URS bit (update request sel e
UG bit generates an update event UEV but without
DMA request is sent). This is to avoid generatin

clearing the counter on the capture event.
When an update event occurs, all the registers a
SR register) is set (depending on the URS bit):

A The repetition counter is reloaded with the co

A The buffer of the prescaler is reloaded with t
register)

A The awttmad active register is updated with the
regi ster). Norteel otahdati st huep daautteod bef ore t he coun
the next period is the expected one

The following figures show some examples of t he

frequencies when ARR=0x36.
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[ 2dzy GSNJ GAYAY3 RAFANFYI AYGSNYL

ey uduyy UL

CA3dz2NB wmno

CNT_EN ]

Ti mercl ock

Counter reg 05 04X03X02X01X00 36X35\;\34X33X32X31X30X2FX:

Counter under

(cnt _

Update event (

Update interTT

(UIF

MS31184|V1
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CAIdzNBE mmMd [/ 2dzyGSNI GAYAY3a RAFIANIYI AYOISNYI

CNT_EN

Ti mercl ock = CK.
Counter reg 000: X OOOJX OOOCK 003EX OO3EX 0034X OOSEX:

Counter wunder

Update event (

Update interrwu
(UlF

MS31185|V!:
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CAIdZNBE MH® [/ 2dzyGSNI GAYAY3a RAFIANIYI AYOISNYI

iR

CNT _EN—

Ti merclock = CK

Counter reg 000 X 000 003¢ 003

Counter wundeil

Update event ([

Update interrupt f

MS40510V:

Figure 13. Counter timing diagram, internal C

ecrsel WU W LS UL ULL

Ti merclock = CK

Counter reg 20 1F 00 36

Counter under

Update event (

Update interTm
(Ul F

MS31187

To omy
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dzLIRI 4GS S@Syi

CAIdzNBE mnd /2dzyGSNI GAYAYy3a RAFIANF YZ
CK_PSC ||H|| l
CEN |

05 :l: 04

Counter register

() oo o) o )

Counter underflow

Update event (UEVY)

Update interrupt flag

(UIF)

Auto-reload preload

register FF

)

36

Write a new value in ARR

MS31188V1

/| Sy §NAYSR Y2RS

0dzLk R2gy O2dzyGAy 330

In cantgmed mode, the count ereloauwntvsalfureo nf cl ntt e nt
ARR r egdilst egrelner ates a counter overflow event, t
value down to 1 and generates a counter underf|l ¢
0.

Centadri gned mode is active when the CMS bits in C
OQut put compare interrupt flag of channels confi
counts down (Center aligned mode 1, CMS = "01"),
mode 2, CMS = "10") the counter counts wup and d
11t .

I n this mode, the DIR direction bit in the CR1
hardware and gives the current direction of the
The wupdate event can be generated at each coun
underfl ow or by setting the UG bit in the EGR r
mode controll er) al so generates an wupdate even
counting from 0, as wel/l as the counter of the p
The UEV update event can be disabled by softwar
register. This is to avoid updating the shadow
prel oad registers. Then no update event occur s
However, the counter continues counti-m@l awwgpd and o

Tn/ omy
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val ue.

I n addition, if the URS bit (update request sel e

UG bit generates an UEV update event but without

DMA request is sent). This is to avoid generatin

clearing the counter on the capture event.

When an update event occurs, all the registers

SR register) is set (depending on the URS bit):

A The repetition counter is reloaded with the co

A The buffer of the prescaler is reloaded with t
register)

A The awttmad active register is updated with the
register). Note that if the update source is
updated before the counter is reloaded, so t ha
(the counter is |l oaded with the new value).

The following figures show some examples of h e

frequencies.

CAIdzNBmMp® / 2dzy i SNJ GAYAY3 RAIFINIYS AYGSNyrt O

e ss IUOW LB T UL TUULT

CEN

Ti mercl ock

Counter

Counter

Counter

Update ev

Updat e

interrupt

LUTUUTUGUUUT

= (

o oa Jodod odfodododododododoqodod
u nmd W

oV

e nt W

MS3118p)\

Tp/ omy
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CAIdzNBmMc® / 2dzy SN GAYAY3 RAIFINI YIS AYGSNYI f

LquuuuuyiUuuu

CNT_ET

J s

Counter I €000 XOOOXOOO OOOX OOOXOOOXOOOX:

!

Ti mercl ock —=—¢

Counter und

Update event

Update inter+upt

MS3119pP)\

CAIdzNBMTO® / 2dzy i SN GAYAY3I RAIFINIYS AYyGSNyrt O

CK—_PSTJW__ljw_[lj_L:W_[lj_L{l__ljw_{lj_LJW_(lJW
CNT _ EN——
Ti mercl ock =—CH _} _‘ {W
Counter e 003 X 003 003 X 003
Counter ove
Update event
Update interrupt
MS31191V
1. Centadri gned mode 2 or 3 is used with a

Tclomy
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CAIdzNBE my® / 2dzyGSNI GAYAY3I RAFIANIYZI AYISNYI

<UL, AL
||

Ti mercl ock = < /7

Counter regqg 1F 01 00

Counter und

Update event

Update inter rupt

MS3119Pp\
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&ECOOA pws #1 01 OAO OEI EIl

¢ AEACOAI h ODPAAOA AOGAT O

NI U UL

CEN

Ti mer clock = CK_

Counter regiose

|

Counter over/d

Update event—(t

Update interrupt T1

Autrel oad preload rpeg )VX

36
Write a new value in AR
Autrel oad active rec FD 36
MS31193V3
Figure 20. Counter timing diagram, Update event wi
. e liuyuury Uyl
Ti mer c¢clock = CK_ |
Counter overi T
Update event— (¢t
Update interrupt f
Autreel oad preload r er® X 36
Write a new value in AR

Autrel oad active rec F D

36

MS31194YVY2

Ty omy

x E
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Ti rbeas e duensictri bes how the update event (UEV) i s
counter overflows/underfl ows. It is actually ge
has reached zero. This can be useful when gener a

This means that data are transferred from the p

(ARR -aetoad register, PSC prescaler register,
registers in compare mode) every N+1 counter oV
value in the RCR repetition counter register.
The repetition counter is decremented:

A At each counter overflow in upcounting mode,

A At each counter underflow in downcounting mode

A At each counter overflow and atl igaehd omouwreter u
Al t hough this I imits the maximum number of rep
possible to update the duty cycle twice per PV
registers only once pdri glhWM preordieod nianx i creumt erre s |
2Xclk due to the symmetry of the pattern.

The repetition celuoaeértypeantaemtomepetition rate

by the RCR regisFegunal dMhefhr ¢ fher utpadat e event i s
software (by setting the UG bit in EGR register
controller, it occurs immediately whatever the
repetition counter is reloaded with the content
I n cantgmed mode, for odd values of RCR, t he u|
overflow or on the underfl ow depending on when t
he counter was started. | f the RCR was writtel
occurs on the overfl ow. If the RCR was written ¢
on the underfl ow. For example for RCR = 3, the U
underfl ow event depending on when RCR was writte

T omy
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CAIdzNBE HmMd ! LIRFGS N} GS SEF YL Sa& SLISYRAYy3 2y
Counter-aligned mode Edge-aligned mode
Counter Upcounting Downcounting
CNT
‘-\R_‘
EAAAAA MWW INNANANAN
e AHEAAERAEE  AtRAAtAANY ARAAAAEA4
Radhr S YNFNPNIY SR B LR BN
ReR=2  Uew 4 444 O
wores o VAV MM INNNANNAAN
R VR VR tot 4 bt
and UE b !
re-synchronization v“""f 4 4 44 4 T s
{by SW) iby W) (by SW)
UEV.;— Update event: Preload registers transferred 1o active registers and update interrupt generated
Update Event if the repetition counter underflow occurs when the counter is equal to the auto-reload value
MEv31195v1
834 /| £201 asStsSOutAz2y
The counter clock can be provided by the foll owi
A Internal clock (CK_INT)
A External clock model: external i nput pin
A External clock mode?2: external trigger input E
A Internal trigger inputs (I TRx): using one ti me
example, the user can configure Timer 1 to act
Using one timer as prfesrc arhere fbat ainlog.her ti mer
LYGSNYylLt Ot201 a2dz2NDS o6/ YyLb¢o
| f the slave mode <controller is disabled (SMS=
register) and UG bits (in the EGR register) are
by software (except UG which remains cl eared aut
written to 1, the prescaler is clocked by the in
Figurshowd the behavior of the control circuit

without
yn owmy

prescal er.
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CAIdzNBE HHD [/ 2Y(INRE OANDdZAG AYy y2NXIf Y2RS:

e LU THHHTUTUTTU D

CEN=CNT_E |

UG

CNT_I N

Counter clock = CK_CNT
COU nter re 3 1 32 3 0 "MEB‘V

MS31085%)

OEGSNYLIE Oft201 a42daNDS Y2RS wm
This mode is selected when SWSe=1dduntnert hea nSMCRuU

each rising or falling edge on a selected input.

CAIdzNB Hod ¢LuH SEGSNYyLt Ot201 02yySOiAz

yM oMYy
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SMCR
TS[ 2:
orTI 2{01_*_
M Encod:
| TR 0X ¥ mode
TI1_E
10 TRGI—‘F External
TI1 1FH CK P
d
TI2F R s 10 I mode
Ed 0 T1 2FH
DL Fil [ 9 11 ( _ETRF | External
det ed 1 ETRF ) mode
TI 2F_F3 11 J
CK_ 1 Il ntern
] mo d €
I CF[ 3 CC2P internal
CCMR1 CCER
ECE SMSJ[ 2
SMCR
MS31196V
For example, to configure the upcounter to count
i nput, use the following procedure:
1. Configure channel 1 to detect rising edges on
the CCMR1 register.
2. Configure the input filter duration by writing
(i f no filter is needed, keep I C2F=0000) .

3. Select rising edge polarity by writing CC2P=0

4. Configure the timer in external c¢clock mode 1 b
register.

5, Select Tl12 as the trigger input source by wri-t

6. Enable the counter by writing CEN=1 in the CR1

Note: The capture prescaler is not wused for triggering
When a rising edge occurs on Tl 2, the counter <co
The del ay between the rising edge on TI2 and the
resynchronization circuit on Tl2 input.

CAIdzNBE Hnod /2yiNRf OANDdAAG Ay SEGSNYLFf

yH oMy
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Counter clock = CK_CNT = _‘

TI .

CNT_EN

Counter reg 34 35 36

T

Write TI

MS31087]|V:

yo omy

OEGSNYIE Of 201 &2daNDOS Y2RS H
This mode is selected by writing ECE=1 in the SN

The counter can count at each rising or falling

Figurgei v265s an overview of the external trigger i
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CAIdzNBE Hp® 9EGSNYyLFEf GNRIISNI AylLizi of 2
OITIZ-{OR-
MEncod
mode
TRG?j Externa
ET mod e L CK_PR(
ETR Q /?IVII‘Z ETR] Fil ETRI’I Externa
}' ' f_—downcoyn mode
DTS
| CKJJ Internga
ETP ETPS[]1 ETFI3 (nternpj™ ds
SMCR SMCR SMCR
ECE SMS][ 2:
SMCR
MS33115P)\
For exampl e, to configure the upcounter to coun
foll owing procedur e:
1. As no filter is needed in this example, write
2. Set the prescaler by writing ETPS[1:0]=01 in t
3. Select rising edge detection on the ETR pin by
4. Enabl external c¢clock mode 2 by writing ECE=1
5. Enabl the counter by writing CEN=1 in the CR1
The counter counts once each 2 ETR rising edges.
The delay between the rising edge on ETR and the
resynchronization circuit on the ETRP signal

yn omy
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f |
CK_INT
CNT_EN
ETR ‘
ETRP
ETRF
Counter cl oc |
CK_I NT =CK_PS:
Counter regi 34 35 < 36
MS33111V2

yp omy

8.3.5 [ I LI dz2NBk 02 YLI NB OKI yySt a
Each Capture/ Compare channel i's built around a
shadow register), a input stage for capture (wi
and an output stage (with comparator and output
Fi gurtedi2gfurgei v3¢0 an overview of one Capture/ Compar
The input stage samples the corresponding TI x i
Then, an edge detector with polarity selection
used as ‘trigger i nput by the slave mode <contro
prescaled before the capture register (I CxPS).

1
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TI1F_E

To the slave mode

TI TI 1F_Ri]ls
] Fil® | TI1]| Edge Cl]ofTr1RP
01
&ui_downco n detechlF—Fa 1
TI2FP ek Di vi ¢l CLP
/1, 12,
I CF[ 3 CCl1P/ CC[IN TRC
1
CCMR1 CCER from sl a

TI 2F Ri control
0
from cHgn

CC1S[1:CPS[|lcc1iE

TI2F_ Fal
(from chg CCMR1 CCER
MS33115%V
The out put stage generates an intermediate wave
OCxRef (active high). The polarity acts at the e

yc/lomy
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CAIdzNBE Hy d /I LI dzNBk O2Y LI NB OKFyySt n YI A

APB Bu
A
) Y
MCUp.esq i pher al in
8 1(( 8
hi |
b ! glwrite CC
Read CQRI 9ft write_in|pr

read_in_pro
Capture/ compare prelc

Read CCR

capture gompare._

Capture/compar es

from
I Cc1p Compar at

CC1E

CNT>CERI

Count >

CNT=CCRI]I
CcC1 —

EGR /

MS3108PpV

yT/ omy
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To the master mode
controller
ETRF _ Output oc
_ ble [0
o S ] enans
OC1REF OC1REFC ;? ’ circuit
0C1_DT
CNT>CCR1| gy 100 = 1 [ccte]
mode Output Dead-time CCER
CNT=CCR1| ntroller selaclor generator |neqy pT 1
ocxRef'.___| /l _"'7"_:30 N S [OCIN
L g
CC1NE |CC1E| CCER
loc1ce|octmz:g] DTG[7:0) lccing|ccte| [ccine| [moe[ossi|ossr]
CCMR1 BDTR CCER CCER BDTR
MS35809W1
CA3Idz2NBE on® hdzliLddzi &adGlFk3S 2F OF LIidzZNBk 02 YLI NB  (
. [ IE;che mastﬁ-r
ETR mode controller OUtpUt
E enable [9C4 4
y > circuit
CNT>CCR4 | Output A
mode [CCaP ]
CNT>CCR4 OC4REF e
LNIFCLRA | controller CCER
CC4E CCER
ossl | BDTR
OCIM[3:0]
CCMR2 CR2
MS3I7TITOV1
The capture/ compare block is made of one prel os

yy omy

Write and read always access the preload registe

In capture mode, captures are actually done in
the preload register.

I n compare mode, the content of the preload reg
which is compared to the counter.
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8.3.6
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corresponding

2 a2 A Y Lz
This mode is
A Two I Cx sig
A These 2 1 Cx
A One of the
controller
For exampl e,
register) of
frequency and
A Select the
(TI'l select
A Select the
clear): wri
A Select the
(TI'1l select
A Select the
616 (active
A Select the
selected).
A Configure t
SMCR regi st
A Enable the

CCxG bit in the EGR register.
YZ2RS
a particular case of input capture
nals are mapped on the same TIX inp
signals are active on edges with o
two TIXFP signals is selected as tr
is configured in reset mode.
user can measure the period (in CCR
the PWM applied on TI1 using the fo
prescaler value):
active input for CCR1: write the CC
ed) .
active polarity for TI1FP1 (used bo
te the CC1P bit to 606 (active on r
active input for CCR2: write the CC
ed) .
active polarity for TI1FP2 (used fo
on falling edge).
valid trigger input: write the TS b
he slave mode controller in reset n
er .
captures: write the CClE and CC2E b
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CA3IdzNBE omd® t2a AyLdzi Y2RS (GAYAy3

TI h |
CNT 0004 o000 N o001 N oooz N\ o003 X o004 X oooo )
CCR1 \ 0004 \
\ \
CCR2 \ 0002 \ \
IC1 capture IC2 capture IC1 capture
plse wih period
IC2 capture
measurement measurement
reset counter
ai15413

1. The PWM input mode can be used only with the CH1/ CH2 sig

Tl 2FP2 are connected to the slave mode controll er.

838 C2NODSR 2dziiLlzi Y2RS

I n output mode (CCxS bits = 00 in the CCMRXx re
(OCXxREF and then OCx/ OCxN) can be forced to ac
sof twar e, i ndependently of any comparison betwee

counter.

To force an output compare signal ( OCXREF/ OCx) t

to write 101 in the OCxM bits in the corresponc
forced high (OCxREF is always active high) and C
bit.

For exampl e: CCxP=0 (0OCx active high) => 0OCx is

The OCxREF signal can be forced |l ow by writing
register.

Anyway, the comparison between the CCRx shadow
performed and allows the flag to be set. I nt el
accordingly. This is described in the output com

839 hdzliLizi O2YLI NB Y2RS

This function is used to control an output wavef

el apsed.
oM oMy
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Wh

en a match is found between the capture/ compar

compare function:

A

Assigns the corresponding output pin to a prog
compare mode (OCxM bits in the CCMRXx register)
in the CCER register). The output pin can keep
(OCxM=001), be set inactive (OCxM=010) or <can

Sets a flag in the interrupt status register (
Generates an interrupt if the corresponding in
DI ER register).

Sends a DMA request if the corresponding enabl
register, CCDS bit in the CR2 register for the

The CCRx registers can be programmed with or W
OCxPE bit in the CCMRx register.

I n output compare mode, the update event UEV h:
output. The timing resolution is one count of tF
be used to output a single pulse (in One Pulse n

Procedur e:

1.

2
3.
4

5.

Select the counter clock (internal, external,

Write the desired data in the ARR and CCRx reg

Set the CCxIE bit if an interrupt request is t

Select the output mode. For exampl e:

I Write OCxM = 011 to toggle OCx output pin wt

i Write OCXxPE = 0 to dii s\drbiltee pC&X{ P ad @ etgd ssteelre
high polarity

i Write CCxE = 1 to enable the output

Enable the counter by setting the CEN bit in t

The CCRx register can be updated at any time by
provided that the preload register is not enabl e

i s

updated only at the next updd&taguewerBt2 UEV). A
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Figure 32. Output compare mode, toggl e

CNT 0039 J( 003A X 003B

CCR1 003A

OC1REF=0CH1

Write B201h in the CC1R register

B201

Match detected on CCR1

Interrupt generated if enabled
MS31002v2

8.3.10t

do/ omy

2a Y2RS

Pul se Width Modul ati on mode all ows generating a
the value of the ARR register and a duty <cycl e
register.

The PWM mode can be selected independently on e
out put) by writing 61106 (PWM mode 1) or 061116
CCMRx register. The corresponding preload regis
OCxPE bit in the CCMRx regi-selesgad apde leovvaechtuadi s

upcountingaloirgnceedntnmeordes) by setting the ARPE bit

As the preload registers are transferred to the
event occur s, before starting the counter, the u
the UG bit in the EGR register.

OCx polarity is software programmabl e using the
programmed as active high or active | ow. OCx out
CCx E, CCx NE, MOE, 0SS and OSSR bits (CCER and
CCER register description for more details.

In PWM mode (1 or 2), CNT and CCRx are always co

CNT or COGRx (depending on the direction of the

The timer is able to -ad dgereadt emoRIVEM bigm eceechgne d e
depending on the CMS bits in the CR1 register.
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t2a SIRBBIYSR Y2RS

Upcounting configuration

Upcounting is active when the DI RJpbciotunitni ntghe
mo d.e

In the following exampl e, we consider PWM mo ¢
OCXxREF is high as |l ong as CNT < CCRx else it b
CCRx is greaterelthad u¢daleuaution ARR) then OCxR
the compare value i s 0 t hReing u® @xhRBeBfs isso mhel d
edgeel i gned PWM waveforms in an example where A

CA JdzNB -lofoAdA WRASt 2a 6 BSF2NXVa 6! wwlyo

y X X X X X X X
Counter reg 0 1 2 3 4 5 6 7 8 0 1
OCXREF
CCRx =4
CCx |
OCXREF
CCRx =38
CCx |
OCXREFO 1]
CCRx >8
CCx | I—

OCXREFOP(

CCRx =0

CCX|L_

MS31009 3V

Downcounting configuration

Downcounting is active when DI RDbwnconnCRfhgr e
mo d e

I n PWM mode 1, the reference signal OCx Ref is
CNT > CCRx else it becomes high. I'f the compar
autrel oad value in ARR, then OCxXxREF is held at
mod e .

dn/ omy
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Centadri gned mode is active when the CMS bits in C
the remaining configurations having the same ef

compare flag is set when the counter counts up,
counts up and down depending on the CMS bits <co
the CR1 register is updated by hardware and must

Centadri gned mode (up/ down counting)

Figurseshod3ws somel cgnedr PWM waveforms in an exampl ¢
A ARR=8,
A PWM mode is the PWM mode 1,

A The flag is set when the counter -abughseddown c
mode 1 selected for CMS=01 in CR1 register.

dhp/ omy
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Counter r
OCx REF
CCRx =
cCcxl F CMS=01 f f
CMS=10
cCMS=11 f f
OCx REF
CCRx =
cMS=10 or
CCx 1 F
OCxXx REF
CCRx =
cCCx |l F CMS=01 f
CMS=10
CMS=11 f
|
OCx REF
CCRx >
CCx | F CMS=01 f
CMS=10 ;
CMS=11
(a)
OCx REF
CCRx =
CCx | F CMS=01
fCMS=lO f
CMS=11 f
ai 14681

Hi nts on ualiingnee nmede :

A When starti-algi gmedemddce, -diolwer cwmrfeée gtur@ap i on i

means that the counter counts up or down depen
bit in the CR1 register. Mor eover, the DIR anc

same time by the software.

A - Writing to the countail iwyhielde moadreni sgnion ¢ emienn
can |l ead to unexpected results. In particular:

dc/ omy



AG32

8.3.11/
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i The direction is not wupdated i f the user wri
the -aetoad value (CNT>ARR). For exampl e, i f
it will continue to count wup.

i The direction is updated if the user writes
but no Update Event UEV is generated.

A The safest wayaltiognesle moaret eirs to generate an

(setting the UG bit in the EGR register) just

write the counter while it is running.

2YLIX SYSy Gl NB

The
swit ehfifngand

advanrcterdo | ti mers can

t hoen siwnisttcahnitnsg o f t

This ti
devices

me i s genedalmey akhmown

connected to the

del ays due to power switches..
User can select the polarity of the outputs ( ma
independently for each output. This is done by w
CCER register.
The compl ementary signals OCx and OCXN are acti
contr ol bits: the CCxE and CCxNE bits in the CCE
OSsSsI and OSSR bits in the BDTR and -CRfherkegiste
activated when switching to the | DLE state (MOE
Deatdi me insertion is enabled by setting both CCx
the break circuit is present. DTG[ 7: 0] bits of
deatdi me generation for all channel s. From a refe
2 outputs OCx and OCXxN. I f OCx and OCxN are acti
A The OCx output signal is the same as the refer
which is delayed relative to the reference ris
A  The OCxN output signal is the opposite of the
edge, which is delayed relative to the referen
| f the delay is greater than the width of t he
corresponding pulse is not generated.
The following figures show the rel ati otnisrhd ps bet
generator and the reference signal OCx REF. (we ¢
CCxE=1 and CCxNE=1 in these exampl es)

out put
h e

dhsasdaaod be
out puts

a(id(ivL ddziinay 3 /NI ARRSE R

two compl ement

output s.

adj ust
and -sthh itrercshar a
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Figure 35. Complementdrnyneoutngpwetrtwionh dead

OCx REF

OCx

“ldel ¢

OCx N

del ¢

MS31009§

—

Figure 3t6i mbewalveforms with delay greater thanr

OCXx REF

OCx

ldel

OCx N

MS31095F)\

Figure 3t7i mbewaveforms with delay greater than t

OCXx REF

OCx

OCx N

del

MS3109}\

by omy
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Not e:

8.3.12

hd omy

The dteiande del ay is the same for each of the chan
DTG bits in the BDDRenkgiasdenbte abeegfiesft etro d e8IDaryR)
cal cul ation.

WRANBOGAYI h/ Ew9C (2 h/E 2NJh/EbDb

I n output mode (forced, output dompatedon oPWMe, C
output or to OCxN output by configuring the CCxE

This allows the user to send a specific waveforr
one output while the complementary remains at it
have both outputs at inactive | evel or both ol

d e atdi me .

When only OCxN is enabled (CCxE=0, CCxNE=1) , it
active as soon as OCxREF is high. For exampl e,

ot her hand, when both OCx and OCxN are enabled
active when OCXxREF is high whereas OCxN is compl
OCxREF is | ow.

A~

' 3Ay3 (KS ONBI] TFdzyOiArzy

When wusing the break function, the output enabl e
according to additional control bits (MOE, 0SSl
and Ol SXN bits in the CR2 register). I n any cas.
set both to active | evel at a given ti me..

The break source can be either the break input [
the Clock Security System (CSS), from the Reset

on the Clock Security System.

When exiting from reset, the break circuit is d
enable the break function by setting the BKE bi
polarity can be selected by configuring the BKP
be modi fied at the same time. When the BKE and I
clock cycle is applied before the writing is eff
APB clock period to correctly read back the bit

Because MOE falling edge can be asynchronous, a
inserted between the actual signal (acting on th
(accessed in the BDTR register). It results in s
the synchronous signal s. I n particul ar, i f MOE i
(dummy instruction) must be inserted before read
writes an asynchronous signal, but reads a synch
When a break occurs (selected | evel on the break
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Not e:

Manhomy

A - The MOE bit is cleared asynchronously, putting
or in reset state (selected by the OSSI bit).
oscillator is off.

A Each output channel is driven with the | evel p
register as soon as MOE=0. I f OSSI =0 then the

the enable output remains high.

A When complementary outputs are used:

i The outputs are first put in reset state ine
This is done asynchronously so that it wor k:¢
ti mer.

T I f the timer clock i stisma |dempareastenrt ,i ¢ hreema a tt
order to drive the outputs with the | evel pr
after -tai ldee.adEven in this case, OCx and OCxN
active | evel together. Note that because of
deatdi me duration is a bit | onger than usual

i I f OSSI =0 then the timer releases the enabl e

remain or become high as soon as one of the

A  The break status flag (BIF bit in the SR regis
if the BIE bit in the DIER register is set. A
the DIER register is set.

A I'f the AOE bit in the BDTR register is set, th
next wupdate event UEV. This can be used to per
MOE remains |l ow unti/|l it is written to 616 aga
and the break input can be connected to an al a
sensors oOr any security components.

The break inputs is acting on | evel. Thus, t he 1
active (neither automatically nor by software).
be cleared.

The break can be generated by the BRK input whic
enabl e bit BKE in the BDTR register.

There are two solutions to generate a break:

A By using the BRK input which has a programmab
the BDTR register

A By software through the BG bit of the EGR regi

I n addition to the break input and the output n
i mpl emented inside the break circuit to safegua
configuration of setvéemal dpanamenegr O©Ckd O&d N pol a
when disabl ed, OCxM configurations, break enabl
from three | evels of protection selected by the
Section : b rteianke arnedg idsetaeirh e( BODICK) bits can be wr it

after an MCU reset.
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Figurseho3wss an example of behavior of the outputs

Figure 38. Output behavior in response to

-
BREAK ( MODI

OCx REF

0OCx

(OCxN not i mol emen|t 2. Cc|C
OCx

(OCxN not i mpl emenlt 2@ . C|C
0OCx

(OCxN not i mol emen|t 24 . c|C
0OCx

(OCxN not i mopl emen|t 2@ . c|C
OCx

OCx N e+ ¢ et e+ ¢

(CCxE=1. CCxP=0. Ql Sx=0. CxNE=1. ccC

0

OCx — — — —

OCx N de |l del|: del|:
(CCx E=1. CCxP=0. qQl Sx=1. CCxNE=[1. ccC

0OCx

del

OCx N
(CCx E=1. CCxP=0. qQl Sx=0. CCxNE=|0. ccC

0OCx

+—>
OCx N et
(CCx E=1. CCxP=0. qQl Sx=1. CCxNE=|0 ccC

OCx

OCx N
(CCx E=1. CCxP=0. gCx NE=0|. CCx NP=0.| =0 Sx =0l Sx N=

Moo 1 nab

MAMO MY
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The OCxREF signal for a given channel can be dri
ETRF input (OCxCE enable bit of the correspondi
OCXREF signal remains Low until the next update

This function can only be used in output compare

forced mode.

For example, the ETR signal <can be connected to
for current handling. In this case, the ETR must

1. The External Trigger Prescaler should be kept
register set to 6006.

2 The external clock mode 2 must be disabl ed: bi
6060 .

3. The External Trigger Polarity (ETP) and the EX
configured according to the user needs.

Figusenow% the behavior of the OCxREF signal when
for both values of the enable bit OCx CE. I'n t hi
PWM mode.

CAJdzNB op® / fSENAYI h/ Ew9C

(CCRX

Counter (C

ETRF

OCx REF ( OCxCE

OCx REF (OCxCd

/N

ETRF becomes ETRF stil]l

MSv 35889V

MAHOMY
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8.3.15
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When complementary outputs are used on a channel
OCx M, CCxE and CCxNE bits. The preload bits are

COM commutation event. The wuser can thus progran
next step and change the configuration of all th
generated by software by setting the COM bit i
TRGI rising edge).

A flag is set when the COM event occurs (COMIF
generate an interrupt (if the COMIE bit is set i

COMDE bit is set in the DIER register).

Figureeddldri bes the behavior of the OCx and OCx!
occur s, in 3 different examples of programmed co

CAIdzNB (180X ISY SN GA2YySE /ha SEFYLIES oh{{wrl

counter (CNT) (CVI//’//V/L
OCxREF
Write COM to 1
COM event I
CCxE=1 ite OCxM to 100 =
COMNE=0 N COME-D
OCxM=100 (forced inactive) ¥ OCxM=100
OCx 1
Example 1
OCxN
Write CCxNE to 1
and OCxM to 101 CCxE=0
COxE=1 CCXNE=1
CCxXNE=0 _ & OCxM=101
OCx OCxM=100 (forced inactive)
Example 2
OCxN
_ write CCxNE to 0
N and OCxM to 100 COxE=1
) - CCxNE=0
OCxM=100 (forced inactive) ¥ OCxM=100
OCx |
Example 3
OCxN
ai14910
hy-Bddzt aS Y2RS
Oneoul se mode (OPM) is a particular case of the p
be started in response to a stimulus and to gence

after a programmabl e del ay.
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Starting the counter can be controlled through
waveform can be done in output compalsemomdeeor
by setting the OPM bit in the CR1 register. Thi !
the next update event UEV.

A pulse can be correctly generated only if the ¢
initial val ue. Before starting (when the ti mer

mu s t be:

A I'n upcounting:ARRT( i<n CCeRrxt i cul ar, 0 < CCRx)
A I'n downcounting: CNT > CCRXx

Figure 41. Example of one pulse mode.

TI2 —l_l

OCIREF | L |
oc1 ]

ARR

CCR1

Counter

toeLar teuise

MS31099v2

For example the wuser may want to generate a poc:
truLrsend after paLaksl apoaf as a positive edge is det
pin.

Letds use TI2FP2 as trigger 1:

A Map TI2FP2 to Tl2 by writing CC2S=6016 in the
A TI 2FP2 must detect a rising edge, write CC2P=56

A Configure TI2FP2 as trigger for the slave mode
in the SMCR register.

A TI2FP2 is used to start the counter by writing
(trigger mode) .

The OPM waveform is defined by writing the comp
clock frequency and the counter prescaler).

MAhomy
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A TheDEEpiys defined by the value written in the CC

A Theutsies defined by the difrfed oanc e/ al aitewaerrd tt the

compare valCCRk1()ARR

A Let us say the user wants to build a waveform
compare match occurs and a transition from 616
autrel oad value. To do this, enable PWM mode 2
CCMR1 register. The wuser can optionally enabl e

OC1PE=6106 in the CCMR1 register and ARPE in th
compare value must be writteaerliomdt veal @@&RI1 nr 4 dhie
register, generate an update by setting the UC
on Tl 2. CC1P is written to 606 in this example

I n our example, the DIR and CMS bits in the CR1

The user only wants one pulse (Single mode), s o
CR1 register to stop the counter at the next up
from thel odatdo val ue back to 0). When OPM bit i n
the Repetitive Mode is selected.

Particular case: OCx fast enabl e:

I n @rud se mode, the edge detection on TIlIx input
counter. Then the comparison between the counte
output toggl e. But sever al clock cycles are nee

mi ni mumpdedway Wwe can get.

| f the user wants to output a waveform with t he

CCMRx register must be set. Then OCxRef (and Of
stimulus, wi thout taking in account the compar.i
compare match had occurred. OCxFE acts only if

PWM2 mode.

9y O2RSNI AYGSNFI OS Y2RS

To select Encoder Interface mode write SMS=60010¢6
counting on Tl 2 edges only, SMS=60106 if it is ¢
it is counting on both TI1 and Tl 2 edges.

Select the TlI1 and TI 2 polarity by programming

register. When needed, the user can program the
The two inputs TI1 and Tl 2 are used to interface
clocked by each valid transition on TI1FP1 or TI
after i nput filter and polarity selection, TI 1
TI2FP2=T12 if not filtered and not inverted) ass
CR1 register written to 0616). The sequence of tr
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generates count pul ses as well as the direction
counter counts up or down, the DIR bit in the
accordingly. The DIR bit is calculated at each t
the counter is counting on TlI1 only, Tl 2 only or
Encoder interface mode acts simply as an extern
means that the counter just count-rselcoad i vallowe | iyr
the ARR register (0 to ARR or ARR down to 0 dep¢
configure ARR before starting. in the same wa:
repetition counter, trigger output features cont
External clock mode 2 are not compatible and mus
I n this mode, the counter is modified automatica
the increment al encoder and its content, there
position. The count direction correspond to the
TablseumMmari zes the possible combinations, assumi |

same ti me.

¢lFrofS mM® /2dzyiAy3d RANBOUAZ2Y @SNRERdza Sy O2F

MAEtoMmMy

Active Level on opposite signal ] )
TI1FP1 signal TI2FP2 signal
edge (TILFP1 for TI2, TI2FP2 for TI1)
Rising Falling Rising Falling

Counting on High Down Up No Count = No Count
TI1 only

Low Up Down No Count = No Count
Counting on High No Count | No Count Up Down
TI20nIy‘

\ Low No Count | No Count Down Up
Counting on‘ High Down Up Up Down
TI1 and TI2
‘ Low Up Down Down Up

An external increment al encoder can be connect e
interface | ogic. However, comparators are nor ma
di fferenti al outputs to digital signal s. This ¢
encoder output which indicate the mechanical Ze€
external interrupt input and trigger a counter r
Figurgei M&@s an example of counter operation, s ho\
direction control. It al so shows how input jitt
selected. This might occur if the sensor is posi

For this example we assume that the configuratio

A
A

CCls=
CC2S=

6 (CCMR1 register, TI1FP1 mapped on TI

601
6016 (CCMR2 register, TI1FP2 mapped on TI
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TI

e

T

W

A cci1P=606, and I C1F = 060000i6NnYECERIy eDli $FREI=TNL
A Ccc2P=606, and I C2F = 060000i6nYECERIy eTli 5FR2F
A SMS=60116 (SMCR register, both inputs are act
AL CEN=616 (CR1 register, Counter enabled).
Figure 42. Example of counter operation in
forwa jit backwa jit forwe
TI
TI
Count
up daevn up
MS33107
Figurgei vde3s an example of counter behavior when
configuration as above except CClP=6106) .
Figure 43. Example of encoder interface mode
forws jit backwa jit forwe
TI
TI
Count
dom up dowl

MS331038

MAtomy
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8.3.18 L

MYy oMYy

The ti mer, when <configured in Encoder I nterfac
sensords current position. The user can obtain d
decel eration) by measuring the period between tv
configured in capture mode. The output of the e
zero can be used for this purpose. Depending o
counter can also be read at regular times. This
into a third input capture register i f available
can be generated by another timer). when availa

through a DMA requestti ngee ncelrcaccke.d by a real
AYSNI AyLdzi -hw FTdzyOGAz2y

The TI 1S bit in the CR2 register, allows the inp
out put of a XOR gate, combining the three input

The XOR output can be used with all the timer i
i nput capture.

VOSNFIIOAY3 ¢6A0K 1t aSyazNa

This is done us<copgtitblke tdmemsetdo generate PWM .
mot or and another timer referred to as
AinterfacFngutiemékod Aiimterfacing timero captures
CH2, and CH3) connected through a XOR to the TI
the TI1S bit in the CR2 register).

The sl ave mode controller is configured in reset
each time one of the 3 inputs toggles, the count
time base triggered by any change on the Hal/l i n
On the Ainterfacing timero, capture/ compare cha
capture sign&li gug)eTRGQ e( scaaept ured value, which col
el apsed between 2 changes on the inputs, gives i
The Ainterfacing timerodo can be used in output mo
configuration of the -chratnmell st iohert hebydtvrainggdar i n
The timer is used to generate PWM signals to dr |
ti mer channel mu st be programmed s o t hat a po

progr ammed del ay (in out put compare or PWM mo
advanacerdt rol timer through the TRGO out put.

Example: the user wants to change tbhatPWM tomér ¢
after a programmed del ay each time a change occu
of the timers.

A Configure 3 timer inputs ORed to the TI1 input
CR2 register to 0106,
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M ho my

I n
ti
pr
i n
a
t h

Program the time base: write the ARR to the ma
by the TlI1 change. Set the prescaler to get a
ti me between 2 changes on the sensor s,

Program channel O in capture mode (TRC selecte
CCMR1 register to 06116. The user can also prog
Program channel 1 in PWM 2 mode with the desir

61116 and the CC2S bits to 6006 in the CCMR1 r

Sel ect OC2REF as trigger output on TRGO: write
register to 61016,

t he acdovnatnrcoeld t i mer , the right I TR input mu st
mer is programmed to generate PWM signal s, t h
el oaded (CCPC=1 in the CR2 register) and the
put (CCUS=1 in the CR2 register). The PWM cont
COM event for the next step (this can be done
e rising edge of OC2REF).

Figurdeesd4cdr i bes this exampl e
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int er

Hal | sensor

44, Example of

Figure

TIH2
TIH3

Counter (CNT)

Jawny Buloepayu|

C796

C7AB_ X

C7A8 X

X

OCZREF————L_j

CCRA1

C7A5 X

C794 X

C7A3 X

TRGO=

/

ai17335b

/

Write CCxE, CCxNE
and OCxM for next step

OC1N
0oc2
OC2N
0C3
OC3N

SIBLUI |0J)UOD-PIOUBAPY

7

~

A

GNRAIISNI a8y OKNRBYAT A2y

z

8.3.19EE (i SNY I f

Y

external

an

wi t h

synchronized

be

can

i mer

t

The
Gated

and Trigger mode

mo d e

z

niti al

e

be r

can

prescaler

ts

counter and

The

register

CR1
( ARR,

he

registers

URS bit from t

he
prel oaded

t

f

Mor eover

Then

ar

CCRx)

t he

a

is clea

upcounter

he

foll owing exampl e, t

he

t
i nput:

MMAO MYy
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A Configure the channel 0O to detect rising edges
duration (in this example, we dondt need any f
capture prescaler is not used for triggering
CC1lS bits select the input capture source only

Write CC1l1P=0 in CCER register to validate the

=

as the input source by writing TS=101 in SMCR

A Configure the timer in reset mode by writing S

A Start the counter by writing CEN=1 in the CR1

The counter starts counting on the internal clo
edge. When TI1 rises, the counter is cleared an
trigger flag is set (TIF bit in the SR register
can be sent if enabled (depending on the TIE and

The following figure showg el biagd belgasiter WR&sOK
del ay between the rising edge on TI1 and the ac
resynchronization circuit on TI1 input.

CAIdzNBE np® /2y GNRBEf OANDdzAG Ay NBAS

T

UG

_Juriuuiugyuuug

Counter clock = CK_CNT

w

TI
MS3140|1)\
{t+ @S Y2RSY DIGSR Y2RS
The counter can be enabled depending on the | eve
In the foll owing example, the upcounter counts o
A Configure the channel 0 to detect |l ow levels o
(in this example, we dondt need any filter, so
prescaler is not used for triggering, so the wu
CC1S bits select the input capture source only

CClP=1 in CCER register to validate the pol ari
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A Configure the timer in gated mode by writing S
as the input source by writing TS=101 in SMCR

A Enable the counter by writing CEN=1 in the CR1
doesndt start if CEN=0, whatever is the trigge

The counter starts counting on the internal cl oc
as TlI1 becomes high. The TIF flag in the SR regi
stops.

The del ay between the rising edge on TI1 and the
resynchronization circuit on TIlI1 input.

CAIdzNB ncd [/ 2yiGNRf OANDdA G Ay 3IFGSR Y

TI

CNT_E?

Counter clock = c% | H

s D

Write T
MS3140p)\
{t+ @S Y2RSY ¢NAIISNI Y2RS
The counter can start in response to an event on
I n the foll owing example, the upcounter starts i
A Configure the channel 1 to detect rising edges
duration (in this example, we dondédt need any f
capture prescaler is not wused for triggering,
CC2S bits are configured to select the input <c
CCMR1 register. Write CC2P=1 in CCER register
l ow | evel only).
A Configure the timer in trigger mode by writing

as the input source by writing TS=110 in SMCR

When a rising edge occurs on TIl2, the counter st
TIF flag is set.

The delay between the rising edge on TI 2 and the
resynchronization circuit on Tl2 input.
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CAIdzNBE n1d /2Yy(iNREf OANDdZAG Ay GNRAIISNI
TI2 i
CNT_EN
Counter clock = ck_cnt = ck_psc |
Counter register 34 J
TIF
M531403V2

{t1 @3S Y2RSY SEGSNYyIf Ot201 Y2RS Hu b (NI
The external clock mode 2 can be used in additio
clock mode 1 and encoder mode) . I n this case, t
i nput, and another input can be selected as tri
trigger mode) . It is recommended not to select E
register.
In the following exampl e, the upcounter is incr
signal as soon as a rising edge of TIlI1 occurs:
1. Configure the external trigger input circuit b

foll ows:

T ETF = 0000: no filter

) ETPS = 00: prescaler disabl ed

) ETP = O0: detection of rising edges on ETR ar

clock mode 2.

2 Configure the channel 0 as follows, to detect

T | CILF=0000: no filter.

i The capture prescaler is not wused for trigge

configured.

T CC1s=01 in CCMR1 register to select only the

) CC1lP=0 in CCER register to validate the pol e
3. Configure the timer in trigger mode by writing

as the input source by writing TS=101 in SMCR
A rising edge on Tl1 enables the counter and set
ETR rising edges.
The del ay between the rising edge of the ETR sig
due to the resynchronization circuit on ETRP inp

MMbO MY
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CAIdz2NBE nyd /2yGiNRBf OANDdAG Ay SEGSNYLEFE Of 2¢

TI

CEN/ CNT_E?D

o [ ]

|,

Counter clock = CK_CNT = W

Counter reg 34 35 36

TI

MS33110|V

8320 C¢AYSNI) A8yOKNBYAT I GAZ2Y

The TIM timers are |inked together internally fo

Note: The c¢clock of the slave timer must be enabled pri
and must not -béfelcyhawmlygielde otnri ggers are received f

8.3215S6dz23 Y2RS

When the microcontroller enters debug mode, t h
normally or stops, depending on APB_CLK STOP c¢
modul e.

MMhO MY
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8.4 reqisters

peripheral registewsr dami(th)d arc dvdcdrgceesd (b2 hal f

841 O2y NRBf NBIAAGSNI M 6/ wmbo

Address offset: 0x00

Reset value: 0O0x0000O0

15 14 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved CKD[1:0] ARPE CMS[1:0] DIR | OPM | URS | UDIS | CEN
rw rw rw rw rw rw w 1\ 1\ rw

Bits 15: 10 Reserved, mu s t be kept at reset value.

Bit sCOD[8L: @]l ock di vision

Thi sf ibeiltd indicates the division ratio between th
the déeand and sanmpbungdcbyetkihmet dgeeander at or s and t he
filters (ETR, TIXx),

OOtDTStCK_I NT
t *t

01DTS 2CK_I NT
t * 1

10DTs4CK_I NT

t * t
11 DTS 8CK_INT

Bi tARPE Aueboad preload enabl e

0: ARR register is not buffered
1: ARR register is buffered

Bit sSCMS[51: (Cleeatiegned mode selection

MMpO MY

00: Bdggned mode. The counter counts wup or down
(DI R) .

01: Cahtgned mode 1. The counter count s up and
compare interrupt flags of channels configured i
are set only when the counter is counting down.
10: Caht gned mode 2. The counter count s up and
compare interrupt flags of channels configured i
are set only when the counter is counting up.

11: Cahtgned mode 3. The counter count s up and
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compare interrupt flags of channels configured i

are set both when the counter is counting up or ©

Not e: I't is not all-aWwedned mwdaelcihgonfecde nmoeddegeas | ong
the counter is enabled (CEN=1)

Bi tDIR Direction

0: Counter used as upcounter

1: Counter used as downcounter

Not e: This bit is read only whénghbd mooer or s Eaon
mode.

Bi tOP¥M One pul se mode

0: Counter is not stopped at update event
1: Counter stops counting at the next update ever
Bi tURBSUpdate request source

This bit is set and cleared by software to select
0: Any of the following events generate an updat
These events can be:

T Counter overflow/underfl ow
i Setting the UG bit

i Update generation through the slave mode co
1: Only <counter overfl ow/underfl ow generates an
enabl ed.

Bi tUDI:8Bpdate disabl e

This bit is set and cleared by software to enabl e
0: UEV enabled. The Update (UEV) event is generat
| Counter overflow/underfl ow
T Setting the UG bit
T Update generation through the sl ave mode co
then | oaded with their preload values.
1: UEV disabl ed. The Update event i s not generat
( ARR, PSC, CCRx). However the counter and the pre

set or i f a hardware reset is received from the s

Bi tCEIN Counter enabl e
0: Counter disabl ed

1: Counter enabl ed
Not e: External clock, gated mode and encoder mode
previously set by software. However trigger mod

hardwar e.
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842 O2y UNRBf NBIAAGSNI H 6/ wHD

Address offset: 0x 04

Reset value: 0x0000O0

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
0OIS3 | OIS2M | OIS2 | OIS1IN | OIS1 | OISON | OIS0 TS MMS[2:0] CCDSs | CCUs CCPC
Res. Res.
w n w mw w nw w w mw | w | w w w w
Bit 15 Reserved, mu st be kept at reset val ue.

Bi tOI1843 Output | dle state 4 (0OC3 output)
refer to Ol S1 bit

Bi tOIlS2NOutput I dle state 3 (OC2N output)
refer to OI SIN bit

Bi tOI1l182 Output I dle state 3 (0C2 output)
refer to Ol S1 bit

Bi tOI131 NOQutput I dle state 2 (OC1IN output)
refer to Ol SIN bit

Bi tOll®1 OQutput I dle state 2 (0OCl1l output)
refer to Ol S1 bit

Bi tOlS0NOutput I dle state 1 (OCON output)
0: OCON=0 aftme whdepalMOE=0
1: OCON=1 atfitme whdeaMOE=0

Not e: This bit can not be modi fied as | ong as LOC
(LOCK bits in BDTR register).
Bi tOI&0 Output 1 dle state 1 (OCO output)

0: OCO0=0 ( atfitreer iaf d@@WN i s i mplemented) when MOE-=
1: 0OC0=1 ( atfitreer iaf d@@&@IN i s i mpl emented) when MOE-=

Not e: This bit can not be modi fied as | ong as LOC
(LOCK bits in BDTR register).
BitTIATSTI 1 selection
0: The CH1 pin is connected to TI1 input
1: The CH1, CH2 and CH3 pins are connected to the
Bit sMMS[42: OMast er mode selection

These bits allow to select the information to be
synchronization (TRGO). The combination is as fol

MMfoOoMy
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OOResethe UG bit from the EGR register is wused &
reset is generated by the trigger input (sl ave n
then the signal on TRGO is delayed compared to th
OOEnab-ltdhe Counter Enable signal CNT_EN is wused a
useful to start several timers at the same ti me o
is enable. The Counter Enable signal is generat ec
and the trigger input when configured in gated m
controlled by the trigger input, there is a del ay
is selected (see the MSM bit description in SMCR
0Ol0MpdatTehe update event is selected as trigger ¢

master timer can then be used as a prescaler for
0Olompare -Hlhleseérigger output send a positive pul

be set (even if it was already high), as soon as
(TRGO) .
10@Comparm&€O0REF signal is used as trigger output (
l10CompamW&€1l1REF signal is used as trigger output (
ll1@ComparmO&€2REF signal is used as trigger output (
l11CompamO&€3REF signal is used as trigger output (°
Note: The clock of the slave timer and ADC must be
master timer, and mtéfel wowhibleecthmaingeger ®nare rec

master ti mer.

Bi tCCDPS Capture/ compare DMA selection

0: CCx DMA request sent when CCx event occurs

1: CCx DMA requests sent when update event occurs
Bi tCCUSLapture/ compare control update selection

0: When capture/ compare control bits are preloa

setting the COMG bit only

1: When capture/ compare control bits are preloa

setting the COMG bit or when an rising edge occur

Note: This bit acts only on channels that have a ¢

1 Reserved, must be kept at reset value.

Bi tCCPC Capture/ compare preloaded control

0: CCxE, CCxNE and OCxM bits are not preloaded
1: CCx E, CCxNE and OCxM bits are preloaded, aft
updated only when a commutation event (COM) occC |
detected on TRGI, depending on the CCUS bit).
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843 af @S Y2RS O2y(iNRBf NBIAEAGSNI o6{al/ wb
Address offset 0x08
15 14 13 12 1" 10 9 a 7 G 5 4 3 2 1 0
ETP ECE ETPS[1:0] ETF[3:0] MSM TS[2:00 Res. SMS[2:0]
nw n w v FN|I'W|I'W|FN w n-'.r|rw|nf.r Res. rw|rw|w
Reset value: 0x0000
Bi tETBS External trigger polarity
Thi s bit selects whet her ETR or ETR is used f
operations 0Oi:invEETrR eids, naocnt i ve at high | evel or ri
edge. 1: ETR is inverted, active at |l ow |l evel or
BitECEB External c¢clock enabl e
This bit enables External c¢clock mode 2.
0: External c¢clock mode 2 disabled
1: External clock mode 2 enabled. The counter is
signal
NotleSetting the ECE bit has the same effect as sel
connected to ETRF (SMS=111 and TS=111).
21t is possible to simultaneously use external
modes: reset mode, gated mode and trigger mode
connected to ETRF in this case (TS bits must nc
31 f external clock mode 1 and external cl ock m
the external c¢clock input is ETRF.
Bits HBPI3[21:B{ternal trigger prescaler
External trigger signal ETRP frequency must be at
can be enabled to reduce ETRP frequency. I't is wus
00: Prescal er OFF
01: ETRP frequency divided by 2
10: ETRP frequency divided by 4
11: ETRP frequency divided by 8
BitsETF[8: B8kternal trigger filter
Thi sf ibeiltd then defines the frequency used to samj
the digital filter applied to ETRP. The digital f
consecutive events are needed to validate a tral

sampling

iDbss done

at

f

MMho my

000 $AmMPLEE&® _I,NTN=2
0018amPiLFE&_I,NTN=4
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0O01%AMPLEE&® _I,NTN=8
0106AMPLENGSE 2, N =

0101 sAMPLEMG 6 2,
0Olle6eampPi =G5 4,
011%AMPLEMG 6 4,

10068AMPILFNMG 6 8,
100 $AmMPILFG 6 8,

1010 sAamMPiLEMG 6 16,
101%AamMPLENG S5 16,
11068AamMPLLIENG S5 16,

N

N
110 $AamMPLENG S 3 2, N =

11168AmMPLIENG S 3 2, N

N

111%AmMPLENdG 6 3 2,

Bi tMSMMaster/ sl ave mode

0: No action

1: The effect of an event on the trigger input
synchronization between the current timer and it s
want to synchronize several timers on a single ex

BitsTS[:24T0i]lgger selection

Thi sf ibeiltd sel ects the trigger input to be used to
000: Internal Trigger O (I TRO)
001: Internal Trigger 1 (I TR1)
010: Internal Trigger 2 (1 TR2)
011: I'nternal Trigger 3 (I TR3)

100: Tl11 Edge Detector (TI1F_ED)
101: Filtered Timer Input 1 (TI1FP1)
110: Filtered Timer I nput 2 (TIlI2FP2)
111: External Trigger input (ETRF)

Not e: These bits must be changed only when they &

avoid wrong edge detections at the transition.

3 Reserved, must be kept at reset value.

Bit sSMSS0d ave mode selection

MHAOMY

When external signals are selected the active edog
the polarity selected on the external input (see

description.

000 : Sl ave medt @GEBabkl e&&ddd t hen the prescaler is
internal clock.

001: EncodeCounmtder 1lcounts up/down on TI2FP1 edge
l evel

010: EncodeCounmtder 2counts up/down on TI1FP2 =edge
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l evel
011: EncoderComaoder 3counts wup/down on both TI1FP
depending on the | evel of the other input.
100: ReseRi sMondge edge of the selected trigger inpu
and generates an update of the registers.
101: Gat eTdheMocdoeunt er clock i s enabled when the tr
counter stops (but is not reset) as soon as the t
the counter are controll ed.
110: Tri g-gihre Modent er starts at a rising edge of
reset). Only the start of the counter is controll
111: External-RCkool #®ddgeslof the selected trigger
Note: The gated mode must not be used if TI1F_ED i
Indeed, TI1F_ED outputs 1 pulse for each transi
checks the |l evel of the trigger signal
The clock of the slave timer must be enabled pr
ti mer, and must -nkfél yb ewhcihlaen gterdi gogner s ar e receiyv
ti mer.
¢FrofS Hd LYGSNYFf GNARAIISNI O2yySOlGAzy
Slave TIM ITRO (TS = 000) ITR1 (TS =001) ITR2 (TS =010) ITR3 (TS =011)
GPTIMERO GPTIMER1_TRGO GPTIMER2_TRGO | GPTIMER3_TRGO | GPTIMER4_TRGO
GPTIMER1 GPTIMER2_TRGO GPTIMER3_TRGO | GPTIMER4_TRGO | GPTIMERO_TRGO
GPTIMER2 GPTIMER3_TRGO GPTIMER4_TRGO | GPTIMERO_TRGO | GPTIMER1_TRGO
GPTIMERS GPTIMER4_TRGO GPTIMERO_TRGO | GPTIMER1_TRGO | GPTIMER2_TRGO
GPTIMER4 GPTIMERO_TRGO GPTIMER1_TRGO | GPTIMER2_TRGO | GPTIMER3_TRGO

844 5a! KAYUSNNHzZLIG Syl of
Address offset: Oxo0C
Reset value: 0O0x0000O0

15 14 13 12 11 10 9 8 7 6

I T T T
‘ Res. ‘ TDE ‘COMDE‘

CC3DE‘CC2DE CC1DE CCODE UDE BIE TIE

w w w w

w

S

5 4 3

w w

NBE I A

2

COMIE | CC3IE CC2IE CClIE | CCOIE

w

A0SNJ 65L9w

1 0
UIE

w w



AG32

Bit 15 Reserved, must be kept at reset value.

BitTDEB Trigger DMA request enabl e

0: Trigger DMA request disabled
1: Trigger DMA request enabled

Bi tCQRDIE COM DMA request enabl e

0: COM DMA request disabl ed
1: COM DMA request enabl ed
Bi tCC2DE Capture/ Compare 3 DMA request enabl e

0: CC3 DMA request disabl ed
1: CC3 DMA request enabl ed

Bi tCQADE Capture/ Compare 2 DMA request enabl e

0: CC2 DMA request disabled
1: CC2 DMA request enabl ed

Bi tCCDDE Capture/ Compare 1 DMA request enabl e

0: CCl1 DMA request disabl ed
1: CC1 DMA request enabl ed

Bi tCCDDE Capture/ Compare 0O DMA request enabl e

0: CCO DMA request disabled
1: CCO DMA request enabl ed

Bi tUDE Update DMA request enabl e

0: Update DMA request disabl ed
1: Update DMA request enabl ed

Bi tBIE Break interrupt enabl e
0: Break interrupt disabled

1: Break interrupt enabl ed

Bi tTI®& Trigger interrupt enabl e

0: Trigger interrupt disabled
1: Trigger interrupt enabl ed

Bi tCOMILE COM interrupt enabl e

0: COM interrupt disabl ed
1: COM interrupt enabl ed

Bi tCC#41 ECapture/ Compare 4 interrupt enable

0: CC3 interrupt disabl ed
1: CC3 interrupt enabl ed

Bi tCC381 ECapture/ Compare 3 interrupt enabl e

0: CC2 interrupt disabl ed

1: CC2 interrupt enabl ed
MHHAOMY
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Bi tCC21 ECapture/ Compare 2 interrupt enable

0: CC1 interrupt disabl ed
1: CC1 interrupt enabl ed

Bi tCClLl]i ECapture/ Compare 1 interrupt enable

0: CCO interrupt disabled
1: CCO interrupt enabl ed

Bi tUIE Update interrupt enabl e

0: Update interrupt disabl ed
1: Update interrupt enabl ed

z

845 a0l Gdza NBIAAGSNI 0{ wbv

Address offset: O0x10

Reset val ue: 0O0x0000O0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved CC30F | CC20F | CC10F | CCOOF | Res. BIF TIF | COMIF | CC3IF | CC2IF | CClIF | CCOIF | UIF
rc w0 | rc.wO | rc_wO | rc_wO0 Res. rc w0 | rcwO | rc wO | rc_wO | rcwO | rc.wO | rc_wO | rc_wO

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

Bi tCC20F Capture/ Compare 3 overcapture flag
refer to CCOOF description

Bi tCQA0OF Capture/ Compare 2 overcapture flag
refer to CCOOF description

Bi tCECDOF Capture/ Compare 1 overcapture flag
refer to CCOOF description

Bi tCCD OF Capture/ Compare 0 overcapture flag

This flag is set by hardware only when the <corre

capture mode. I't is cleared by software by writir

0: No overcapture has been detected.

1: The counter value has been captured in CCRO re
Bit 8 Reserved, mu st be kept at reset val ue.

Bi tBI'F Break interrupt flag

This flag is set by hardware as soon as the brea
software if the break input is not active.

0: No break event occurred.

1: An active |l evel has been detected on the break

MHbOO MY
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MHAOMY

Bi tTl«& Trigger interrupt fl ag

This flag is set by hardware on trigger event (ac
sl ave mode controller is enabled in all modes bu
mode is selected). It is cleared by software.

0: No trigger event occurred.

1: Trigger interrupt pending.

Bi tCOMI:FCOM interrupt fl ag

This f
CCx NE,
0: N o

1

COM

lag is set by hardware on COM eQCGxnB, (when
OCaxwWwke been updated). It is cleared by soft
COM event occurred.
interrupt pending.

Bi tCC81 FCapture/ Compare 3 interrupt fl ag

refer

to CCOIF description

Bi tCC21 FCapture/ Compare 2 interrupt flag

refer

to CCOIF description

Bi tCC21 FCapture/ Compare 1 interrupt flag

refer

to CCOIF description

Bi tCCDl FCapture/ Compare 0O interrupt flag

Bi tUl

I f cha
This f
except
is cle
0: N o

1: The
conten
count e
downco
I f cha
This b
regi st
0: N o

1: The

nnel CCO is configured as output:
lag is set by hardware when the counter m;
ionalingmecqtmode (refer to the CMS bits in t

ared by software.
mat c h.

content of the counter CNT matches the col
ts of CCRO are greater than the contents of
r overflow (in wpuoatntnigngmoamrd) um/hrdouwmder f

unting mode)

nnel CCO is configured as input:
it is set by hardware on a capture. It is
er

input capture occurred

counter value has been captured in CCRO r e

I CO which matches the selected polarity)

& Update interrupt flag

This b
0: N o

1: Upd
At ove

it is set by hardware on an update event. |
update occurred.
ate interrupt pending. This bit is set by h

rfl ow or underflow regarding the repetition

0) and if the UDIS=0 in the CR1 register.
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T When CNT is reinitialized by software using the L
UDI S=0 in the CRO register.
TWhen CNT is reinitializedkchy oa:trsil agzeer mowen tc o(nrt & f
(SMOR) i f URS=0 and UDI S=0 in the CR1 register.
846 SOSY U IASYSN)IUAZ2Y NBIAAUSNI 609DwO
Address offset 0x14
Reset value: 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved BG TG | COMG | CC3G | CC2G @ CCI1G | CCOG UG
w w w w w w w w
Bits 15:8 Reserved, must be kept at reset value.
Bi tBG7 Break generation
This bit i s set by software in order to generat
har dwar e.
0: No acti on
1: A break event is generated. MOE bit is cleare
DMA transfer can occur if enabl ed.
Bi tTG6 Trigger generation
This bit i s set by software in order to generat:
hardwar e.
0: No action
1: The TIF flag is set in SR register. Rel ated in
Bi tCOMGCapture/ Compare control update generation
This bit can be set by software, it is automatically cl e
1: When CCPC bit i s set, it al | owsNottoe :u pTdhaitse bdGx Ea,c tGCx N |
only on channels having a complementary outoput.
Bi tC@B3:G Capture/ Compare 3 generation refer to CC1G
description
BitC@2G Capture/ Compare 2 generation refer to CC16G
description
BitCdAlG Capture/ Compare 1 generation refer to CC1G
description
Bi tCC®D:G Capture/ Compare 0 generation
This bit is set by software in order to generate an even
0: No action
1: A capture/compare event is generated on channel O0:

MHpPpOMY
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I f channel CCO is configured as output:
CCllF flag is set, Corresponding interrupt or DMA reques
I f channel CCO is configured as input:
The current value of the counter is captured in CCRO re
interrupt or DMA request is sent if enabled. The CCOOF f

Bi tUGO Update generation

This bit can be set by software, it is automatically cle
0: No action
1: Reinitialize the counter and generates an wupdate of

cleared too (anyway the prescaler rati o iasl ingnedafnoede e d)

is selected or if DIR=0 (upelowad ivnagl)ue e( ARR)i ti ft alkleR=1 h(ed

8.47 O LW dzNBk O2YLJI NB Ya0RS NBIAAGSNIwmM o/ /

Address offset: O0x18

Reset @x0 @O0

The channels can be wused in input (capture mode
direction of a channel is defined by configuring
bits of this register have a different function
OCxx describes its function when the channel i s
function when the channel is configured in input
bit can have a different meaning for the input s
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OcC1 | OC1 OC1F ocCo OcCo 0cCo
- OC1M[2:0 ‘ oE e CC1SJ1:0] e OCOM[2:0 oE - CCO0SJ[1:0]
IC1F[3:0] IC1PSC[1:0] ICOF[3:0] ICOPSC[1:0]
wooow o ow owow ow ow ow ow ow ow ow ow owow | w

Out put compare mode:

Bi tOCH5CPutput compare 2 clear enabl e
Bits Q@1M[22: Obt put compare 2 mode

Bi tOQLPE OQutput compare 2 preload enabl e

Bi tOCDEE OQut put compare 2 fast enabl e

BitsCO®LS3B[1:0dpture/ Compare 2 selection

Thi sf ibeltd defines the direction of the channel (i

MHEOMY
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00: CC1 channel is configured as output
01: CClchannel is configured as input, I C1 is mapg
10: CCl1l channel is configured as input, I C1l i s me
11: CC1l channel is configured as input, I Cl is ma
if an internal trigger input is selected through
Note: CC1lS bits are writable only when the chan
Bi tOCOCButput compare 1 clear enabl e
OCOCE: Output compare 1 Clear Enable O0:
OCORef is not affected by the ETRF Input
1: OCORef is cleared as soon as a High | evel i s
Bit sOGOM Output compare 1 mode
These bits define the behavior of the output reference
derived. OCOREF is active high whereas OCO0O and OCON ac
bits.
000: FiIThzemompari son between the output compare regist
effect on the outputs. (this mode is used to generate a
001: Set <channel 0 to active |l evel on match. OCOREF s
mat ches the capture/compare register 1 (CCRO).
010: Set <channel 0 to inactive | evel on match. OC1REF
mat ches the capture/ compare register 1 (CCRO).
011: TOFCHPIREF t oggl es when CNT=CCRO.
100: Force FO@@xRER ei 4 efveericed | ow.
101: Force -Q@COREE i®vebrced high.
110: PWM -momdeptounting, channel O is active as |l ong as
el se inactive. I n downcounting, channel 0O is inactive
(OCOREF=06106) .

111: PWM mbedeu@counting, channel 0 is inactive as | on
downcounting, channel 0 is active as |l ong as CNT>CCRO
Note: 1These bits can not be modified as | ong as LOCK |

bits in BDTR register) and CC0S=60006 (the channel is
21 n PWM mode 1 or 2, the OCREF || evel changes only
changes or when the output compare mode switches fro
Bi tOCDPRE OQutput compare 1 preload enabl e
0: Preload register on CCRO disabl ed. CCRO can be wri
account i mmedi ately.
1: Preload register on CCRO enabl ed. Read/ Write opere
preload value is | oaded in the active register at weach
Not d:These bits can not be modified as | ong as LOCK | ev¢
BDTR register) and CC0S=06006 (the channel is configu
2The PWM mode can be used without validating the pr
(OPM bit set in CRO register). El se the behavior is

MHfOMY
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Bi tOCDEE OQOutput compare 1 fast enabl e
This bit is used to accelerate the effect of an event ¢
0: CCO behaves normally depending on counter and CCRO
mini mum delay to activate CCO output when an edge occu
1: An active edge on the trigger input acts | ike a com
compare | evel independently from the result of the comg
activate CCO output is reduced to 3 clock cycles. OCFE
or PWM2 mode.
BitsCAM® Capture/ Compare 1 selection
Thi sf ibeltd defines the direction of the channel (input/o
00: CCO channel is configured as output
01: CCO channel is configured as input, I CO is mapped
10: CCO channel is configured as input, I CO is mapped
11: CCO channel is configured as input, I CO is mapped
trigger input is selected through TS bit (SMCR registe]
Note: CCOS bits are writable only when the channel is Ol
Ly Ldzi O LJadzNBE Y2RS
Bits I1GtIAn2put capture 2 filter
Bits I1Q1HASC] 1:®dgut capture 2 prescaler
BitsCO®L:B Capture/ Compare 2 selection
Thi sf ibeltd defi nes the direction of the channel (input
00: CC1 channel is configured as output
01l: CC1 channel is configured as input, I Cl1l is mappe
10: CC1l channel is configured as input, I Cl is mappe
11: CCl channel is configured as input, I Cl is mappe
internal trigger input is selected through TS bit (S|
Note: CC1S bits are writable only when the channel i
Bitsl GOM[:BnPdt capture 1 filter
Thi sf ibeiltd defines the frequency wused to sample TI 1 i
applied to TI1. The digital filter is made of an ev
needed to validate a transition on the output:
0000: No filter,bpwssampling is done at f
000 sAmMPL A& _I,NTN=2
00168AamMPLIEE&®_I,NTN=4
001%AamMPLEE&® _I,NTN=8
0106AMPLENMG S 2, N=6
0101sAmMPLENdG 6 2, N=28

MHYOMY
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01168AaMPILEYG 6 4,
011%AMPLL =G 6 4,

100868AamMPL ENG 5 8,
100 $AamPfL FMG 6 8,

1010sAmMPLENG S 16,
101%AamPiL =G5 16,
11068AamMPRLENGE 16,

110 %AmPiLENGE 32,
11168amMPLENGSE 32,
111%AamMPLLEOG E 3 2,

Bitsl GORSEGput capture 1 prescaler
Thi sf ibeiltd defines the ratio of the prescaler acting o
The prescaler is reset as soon as CCOE=606 (CCER regi
00: no prescaler, capture is done each time an edge i
01: capture is done once every 2 events
10: capture is done once every 4 events
11: capture is done once every 8 events

BitsCAO:®Y Capture/ Compare 1 Selection
Thi sf ibeltd defines the direction of the channel (input
00: CCO channel is configured as output
01: CCO channel is configured as input, |1 CO is mappe:
10: CCO channel is configured as input, 1 CO0O is mappe:d
11: CCO channel is configured as input, I CO is mappe
internal trigger input is selected through TS bit (S|
Note: CCOS bits are writable only when the channel i

848 OF LWUdzZNBK O2YLJI NB Y®#RS NBIAAUSNI H o/ /

Address offset: 0x1C
Reset value: 0x0000
Refer to the above CCMR1 register description.

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

oc3 _ oc3 | oc3 0oc3 ] oc2 | oc2

CE OC3NIZ.0] PE FE CC3S[1:0] CE. OC2MIZ:0] PE FE CC2S[1:0]
IC3F[3:0] IC3PSC[1:0] IC2F[3:0] IC2PSC[1:0]

rwlrw | nw | w o w w o A | w | w | w w A o w

MH ho My
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hdzii LJzi O2YLJI NB Y2RS

Bit 15 OC3CE: OQutput compare 4 clear

Bits Q@3M20ut put compare 4 mode

enabl e

Bi tOQ3PE OQutput compare 4 preload enabl e

Bi tOC®FE OQut put compare 4 fast enabl e

BitsC®3:8 Capture/ Compare 4 selection

Thi sf ibeltd defines the direction of the channel (i n
00: CC3 channel is configured as output
01: CC3 channel is configured as input, 1 C3 is map
10: CC3 channel is configured as input, 1C3 is map
11: CC3 channel is configured as input, I C3 is map
an internal trigger input is selected through TS b
Note: CC3S bits are writable only when the channel
Bi tOCRCButput compare 3 clear enabl e
BitsOG2M Out put compare 3 mode
Bi tOC2PE Output compare 3 preload enabl e
Bi tOC2FE Output compare 3 fast enabl e
BitsCd2 Capture/ Compare 3 selection
Thi sf ibeltd defines the direction of the channel (i n
00: CC2 channel is configured as output
01l: CC2 channel is configured as input, I C2 is map
10: CC2 channel is configured as input, I C3 is map
11: CC2 channel is configured as input, I C2 is map
an internal trigger input is selected through TS b
Note: CC2S bits are writable only when the channel
Ly Lzt OIF LJudzZNb Y2RS
Bits I[1G3IAnput capture 4 filter
Bits 113 R®G@put capture 4 prescaler
Bit sC®3:8 Capture/ Compare 4 selection
Thi sf ibeltd defines the direction of the channel (i
00: CC3 channel is configured as output
01: CC3 channel is configured as input, 1 C3 is ma
10: CC3 channel is configured as input, I C3 i s me

MO AhoMy
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11: CC3 channel is configured as input, I C3 is ma
if an internal trigger input is selected through
Note: CC3S bits are writable only when the chan
Bitsl G2IFhput capture 3 filter
Bitsl G2R$@put capture 3 prescaler
BitsCA2: Capture/ compare 3 selection
Thi sf ibeiltd defines the direction of the channel (i
00: CC2 channel is configured as output
01: CC2 channel is configured as input, I C2 i s me
10: CC2 channel is configured as input, I C2 i s me
11: CC2 channel is configured as input, 1 C2 is ma
if an internal trigger input is selected through
Note: CC2S bits are writable only when the channe
CCER) .
849 Ol LJUdzNBEKO2YLI NB Syl ofS NBIAAUSNI o/ /
Address offset 0x20
Reset value: O0x00O00
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CC3NP . CC3P | CC3E |CC2NP|CC2MNE| CC2P | CC2E |CC1NP [CCINE| CC1P | CC1E |CCONP|CCONE| CCOP | CCOE
w e nw w w rw w w w nw w w w w w mw
Bi tCE3NP Capture/ Compare 4 complementary output pol ar
refer to CC1INP description
Bi tCC3NE Capture/ Compare 3 complementary output enabl e
refer to CCONE description
BitCC3P Capture/ Compare 4 output polarity
refer to CCOP description
BitCQ2E Capture/ Compare 4 output enabl e
refer to CCOE description
Bi tCQANP Capture/ Compare 3 complementary output pol ar

MO MOMY
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Bi tCADNE Capture/ Compare 3 complementary output enabl e
refer to CCONE description

Bi tCC2:P Capture/ Compare 3 output polarity
refer to CCOP description
Bi tCC®E Capture/ Compare 3 output enabl e

refer to CCOE description

Bi tCCANP Capture/ Compare 2 complementary output pol ari
refer to CCONP description

Bi tCCBLNE Capture/ Compare 2 complementary output enabl e
refer to CCONE description

Bi tCCB:P Capture/ Compare 2 output polarity
refer to CCOP description

Bi tCCA:E Capture/ Compare 2 output enable
refer to CCOE description

Bi tCCDONP Capture/ Compare 1 complementary output pol ari
0: OCON active high.
1: OCON active | ow.

Not e: This bit is not writable as soon as LOCK | eve
BDTR register) and CC0S=060000 (the channel is conf

Bi tCCDNE Capture/ Compare 1 complementary output enabl e
0: ©OIGON is not active. OCON | evel is then funct
Ol SON and CCOE bits.
1: -@WCON signal is output on the corresponding out
OSSR, Ol SO, Ol SON and CCOE bits.
Bi tCCO:P Capture/ Compare 1 output polarity
CCO channel configured as output:
0: OCO active high
1: OCO active | ow

CCO channel configured as input:
This bit selects whether 1 CO0O or |1 CO0O is used for t
0: ®"momerted: capture is done on a rising edge of

is -homerted.
1: inverted: capture is done on a falling edge of
inverted.
Note: This bit is not writable as soon as LOCK | evel
BDTR register).

Bi tCCM:E Capture/ Compare 1 output enabl e

CCOchannel configured as output:
MOHOMY
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0: @0 i s not active. OCO | evel is then function
and CCONE bits.

1: QO»CO0 signal is output on the corresponding out
OSSR, Ol SO0, Ol SON and CCONE bits.

CCO channel configured as input:

This bit determines if a capture of the counter

capture/ compare register 1 (CCRO) or not.
0: Capture disabl ed.
1: Capture enabl ed.

¢to6fS o® hdzildzi O2yGNBt o6AdGa F2NJ O2YLE SYSy il N h
Control bits Output states @
MOE A OSSI OSSR | CCxE CCxNE
) ) ) ) ) OCx output state OCxN output state
bit bit bit bit bit
1 X 0 0 0 Output Disabled (not driven by Output Disabled (not driven by the
the timer), OCx=0, OCx_EN=0 | timer), OCxN=0, OCxN_EN=0
0 0 1 Output Disabled (not driven by  OCXREF + Polarity OCXxN=OCxREF
the timer), OCx=0, OCx_EN=0 xor CCxNP, OCxN_EN=1
OCXREF + Polarity Output Disabled (not driven by the
0 1 0 OCx=0OCxREF xor CCxP, timer)
OCx_EN=1 OCxN=0, OCxN_EN=0
] ) Complementary to OCREF (not
OCREF + Polarity + dead-time
0 1 1 OCREF) + Polarity + dead-time
OCx_EN=1
OCxN_EN=1
Output Disabled (not driven by | Output Disabled (not driven by the
1 0 0 the timer) timer)
‘ OCx=CCxP, OCx_EN=0 OCxN=CCxNP, OCxN_EN=0
|
‘ Off-State (output enabled with | OCXREF + Polarity
1 0 1 inactive state) OCXxN=0OCXREF xor CCxNP
| OCx=CCxP, OCx_EN=1 OCxN_EN=1
OCXREF + Polarity Off-State  (output enabled with
1 1 0 OCx=0CXxREF xor CCxP, inactive state)
OCx_EN=1 OCXN=CCxNP, OCxN_EN=1
) ] Complementary to OCREF (not
OCREF + Polarity + dead-time ) )
1 1 1 OCREF) + Polarity + dead-time
OCx_EN=1
OCxN_EN=1
0 0 0 Output Disabled (not driven by the timer)
0 X Asynchronously: OCx=CCxP, OCx_EN=0, OCxN=CCxNP,
OCxN_EN=0

MObHDOMY
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Then if the clock is present: OCx=0ISx and OCxN=OISxN after a
dead-time, assuming that OISx and OISxN do not correspond to OCX
and OCxN both in active state.

0 0 1

0 1 0

0 1 1

1 0 0

1 0 1 Off-State (output enabled with inactive state)
Asynchronously: OCx=CCxP, OCx_EN=1, OCxN=CCxNP,
OCxN_EN=1
Then if the clock is present: OCx=0ISx and OCxN=OISxN after a
dead-time, assuming that OISx and OISxN do not correspond to OCX
and OCxN both in active state

1 1 0

1 1 1

1. When both outputs of a channel are not used (CCxE = CCxNE = 0),

cleared.

Not e: The state of the external I/ O pins connected t ¢
depends on the OCx and OCxN channel state and th

8.41002 dzy G SNJ 6/ b ¢ 0

Address offset: O0x24

Reset value: 0O0x000000O0O

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

CNT[15:0]

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

CNT[31:16] ‘

w w w w w w w w w w w w ‘ w ‘ w ‘ w ‘ w ‘

MOhoMYy
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Bits CNIT[{[B1:@Odunter value

8411LINBa Ol f SN 6t {/ ¥
Address offset: O0x 28

Reset value: 0Ox0000O0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PSC[15:0]
14 14 w w w w w w 'w w w w 1A}2 14 14 w
Bits PBE[AQA5:Prjescaler value
The counter clock frequeknede (EREC[CNF)0]J s+efhual to
84121 dzaN&Bf 2 R NBIAAUSNI 6! wwo
Address offset: 0x2C
Reset value: 0x00000000O
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ARR[15:0]
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ARR[31:16]
14 1 w w w w w w w w w w rw 1 1 w
Bi 88 ARR[ 31:Adéeboad value
aut o

ARR is the value to ber ellooaadde dr eigni sttheer .act ua

The counter is bl-oekedaddwhal eetihe mwlklo.

MOpOMY
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8413NBLISGUAGAZY O2dzy 1 SNJ NEIA&GSNI ow/ wo

Address offset: 0x30

Reset value: 0O0x0000O0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
REP[7:0]
Reserved
Bits 15:8 Reserved, must be kept at reset value.

Bit sSREFRP[07: Rlepetition counter value

These bits all ewp tthhee uuspedratteo rsaette of t he ¢ om
periodic transfers from preload to active r
enabl e, as wel |l as the update interrupt gener
Each time the REP_CNT related downcounter re
generated and it restarts counting from REP \
REP value only at the repetition update event
is not taken in account unt.il the next repeti
It means in PWM mode (REP+1) corresponds to:

T t he number of PWMIpegrnieadd smoidne edge
T the number of half -aRWM npedr imod ei.n center

841401 LG dzZNBEk O2 YLI NB NBIAAGSNI M o/ / wno

Address offset: O0x 34

Reset val ue: O0x00000O0O0O

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

CCRO[15:0]

rw/ro rw/ro rw/ro rw/ro rw/ro rw/ro rw/ro rw/ro rw/ro rw/ro rw/ro rw/ro rw/ro rw/ro w/ro rw/ro

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

I |

‘ CCRO0[31:16] ‘
T T T T

‘ rw/ro rw/ro rw/ro rw/ro rw/ro rw/ro rw/ro rw/ro rw/ro rw/ro rw/ro rw/ro ‘ rw/ro ‘ rw/ro ‘ rw/ro ‘ rw/ro ‘

MOEtOMY
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Bits CEROQ 31:CmlJpture/ Compare 1 value

I f channel CCO is configured as output

CCRO is the value to be |l oaded in the actual capt
is | oaded permanently if the preload feature is
OCOPE) . El se the preload value is copied in the

an update event occurs.

The active capture/compare register contains the
CNT and signaled on OCO output.

I'f channel CCO is :configured as input

CCRO is the counter value transferred by the |l ast input cap!

z A~

84150 L0 dzNBk O2Y LI NB NBIAAGSNIH o6/ / wmD

Address offset: 0x38

Reset val ue: O0x00000O0O0O

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

CCR1[15:0]

rw/ro rw/ro rw/ro rw/ro rw/ro rw/ro rw/ro w/ro w/ro rw/ro rw/ro rw/ro rw/ro rw/ro w/ro rw/ro

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CCR1[31:16]
rw/ro rw/ro rw/ro rw/ro rw/ro rwiro rwiro rwiro rwiro rw/ro rw/ro rw/ro rwiro rwiro rwi/ro rw/ro
Bits CER1(Q0 31:Chml]pture/ Compare 2 value

I'f channel CCl is configured as output
CCR1 is the value to be | oaded in the actual capt
is |l oaded permanently if the preload feature is
OC1PE) . El se the preload value is copied in the

an update event occurs.
The active capture/compare register contains the
CNT and signalled on OCl1l output.

I f channel CCl is :configured as input

MOt oMYy
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8416 OF LG dzZNBk O2Y LI NB NBIAAGSNI o o/ / WHD

Address offset: O0x3C

Reset x0@@00000

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

CCR2[15:0]

I
rw/ro rw/ro rw/ro rw/ro rw/ro rw/ro rw/ro rw/ro rw/ro rw/ro rw/ro rw/ro ‘ rw/ro ‘ rwiro ‘ rw/ro ‘ rw/ro

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CCR2[31:16]
rw/ro rw/ro rw/ro rw/ro rw/ro rwiro rwiro rwiro rwiro rw/ro rw/ro rw/ro rwiro rwiro rwi/ro rw/ro
Bits CER20) 31:Cmljpture/ Compare value

I f channel CC2 is configured as output
CCR2 is the value to be | oaded in the actual <capt
is |loaded permanently if the preload feature is
OC2PE) . El se the preload value is copied in the

an update event occurs.

The active capture/compare register contains the
CNT and signalled on OC2 output.

I f channel CC2 is :configured as input

CCR2 is the counter value transferred by the | as

regi steoniygy apddcannot be programmed.

841701 LIJi dzZNBEk O2 YLI NB NBIAAGSNIn o/ / wov

Address offset: 0x40

Reset val ue: O0x00000O0O0O

MOYOMY
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CCR3[15:0]
rw/ro rw/ro rw/ro rw/ro rw/ro rwiro rwiro rwiro rwiro rw/ro rw/ro rw/ro rwiro rwiro rwi/ro rw/ro
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CCR3[31:16]
rw/ro rw/ro rw/ro rw/ro rw/ro rwiro rwiro rwiro rwiro rw/ro rw/ro rw/ro rwiro rwiro rwi/ro rw/ro
Bits CER3031:Cujpture/ Compare value
If channel CC3 is configured as output
CCR3 is the value to be | oaded in the actual <capt
is |l oaded permanently if the preload feature is
OC3PE) . El se the preload value is copied in the
an update event occur s.
The active capture/compare register contains the
CNT and signalled on OC3 output.
I f channel CC3 is :configured as input
CCR3 is the counter valwue transferred by the | as
regi steoniyg apddcannot be programmed.
84180 NBI' 1 HHYRYRSMNIRIAAUSNI 6. 5¢wb0
Address offset: 0x44
Reset value: 0x00000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘MOE ‘ AOE = BKP | BKE | OSSR OSSI LOCK[1:0] DTG[7:0]
|
‘I’W rw rw rw Rw rw rw rw w w w w w w w w
19 18 17 16
BKIE:0]
o w W
Note: As the bits AOE, BKP, BKE, OSSI-, o0©OIE&R dapge DAIGH J :
the LOCK configuration, it can be necessary to
access to the BDTR register.

Mo tho my
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Bits 20:17 BKF[3:0]: Break Filter

GPTI MER_BREAK_FILTER_FDIV1:0x0
GPTI MER_BREAK_FILTER_FDIV1_ N2:0x1
GPTI MER_BREAK_FILTER_FDIV1_N4:0x2
GPTI MER_BREAK_FILTER_FDIV1l_N8:0x3
GPTI MER_BREAK_FILTER_FDIV2_N6:0x4
GPTI MER_BREAK_FILTER_FDIV2_ N8:0x5
GPTI MER_BREAK_FILTER_FDIV4_N6:0x6
GPTI MER_BREAK_FILTER_FDI V4 _N8:0x7
GPTI MER_BREAK_FILTER_FDIV8_N6:0x8
GPTI MER_BREAK_FILTER_FDIV8 _ N8:0x9
GPTI MER_BREAK_FILTER_FDIV16_N5:0xa
GPTI MER_BREAK_FILTER_FDIV16_N6:0xb
GPTI MER_BREAK_FILTER_FDIV16_N8:0xc
GPTI MER_BREAK_FILTER_FDIV32_ N5:0xd
GPTI MER_BREAK_FILTER_FDIV32 N6:0xe
GPTI MER_BREAK_FILTER_FDIV32 N8:0xf

Bi t M@BE Main output enabl e

This bit is cleared asynchronously by hardware a
set by software or automatically depending on t
channels which are configured in output

0: OC and OCN outputs are disabled or forced to i
1: OC and OCN outputs are enabled if their respec
in CCER register).

See OC/ OCN enahbl e descriPadtoinonforcamdmueg edeod mp hsse
registep.(CCER)

Bi t AQB Automatic output enabl e

0: MOE can be set only by software
1: MOE can be set by software or automatically at
is not be active)
Not e: This bit can not be modi fied as |l ong as LOC
bits in BDTR register).

Bi tBAKB Break polarity

Break input BRK is active | ow

Break input BRK is active high

Not e: This bit can not be modified as |l ong as LOCK |

BDTR register).

Note: Any write operation to this bit takes a del ay

Bi tBHER Break enabl e

Mnhomy
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0: Break i

nputs (BRK and CSS clock failure event) d
1; Break inputs (BRK and CSS clock failure event) e
Not e: This bit cannot be modified when LOCK | evel 1
register).
Note: Any write operation to this bit takes a del ay
Bi tO33ROfdt ate selection for Run mode
This bit is used when MOE=1 on channels having a col
as outputs. OSSR is not implemented if no compl emen
See OC/ OCN enable descr&eptiioon forcanotrer ed/ecccamp asr e( er
(CCBHR)
0: When inactive, OC/ OCN outputs are disabled (0OC/
i nacti ve, OC/ OCN outputs are enabled with their ina
Then, OC/ OCN enable output signal =1
Note: This bit can not be modified as soon as the LO
in BDTR register).
Bi tO380fdtate selection for | dle mode
This bit is used when MOE=0 on channels configured
See OC/ OCN enable descréeptiioon forcanmtrer ed/eccoamp asr e( er
(CCBHR)
0: When inactive, OC/ OCN outputs are disabled (OC/O
1: When inactive, OC/ OCN outputs are forced first \
CCxNE=1. OC/ OCN enable output signal =1)
Note: This bit can not be modified as soon as the LO
in BDTR register).

BitsLO®OCK[ 1: Dpck configuration

These bits offer a write protection against softwar
00: LOCKNOOFbFi t is write protected.
01: LOCK Level 1 = DTG bits in BDTR register, Ol Sx
BKE/ BKP/ AOE bits in BDTR register can no | onger be
1 + CC Polarity bits (CCxP/ CCxNP bits in CCER regi
configured in output through the CCxS bits) as wel/l
written.
11: LOCK Level 3 = LOCK Level 2 + CC Control bits
registers, as long as the related channel is config
l onger be written.
Not e: The LOCK bits can be written only once after t
written, their content is frozen until the next r
Bit sDT/G[07: Djgadne generator setup

Thi sf ibeiltd def i
outputs. DT
DTG[ 7:5] =0xx

nes t he-t

correspond to

=>gtT tuBgh®s] 7: 0] X

Mn Mo My

dme at nsartooéd thet weand t
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DTG[7:5]=10x => DTw(i@hxTI6S[ 5: 0] ) xt
DTG[7:5] =110 => DIaw(iIh%8TG6[ 4: 0] ) xt
DTG[7:5] =111 => DTe(iIah%D6Bf 4: 0] ) xt

Examploeasz125d7s (8MHime deadi ble values are:
0 to 15875 ns by 125 ns steps,
16 us to 31750 ns by 250 ns steps,
32 us to 63us by 1 us steps,
64 us to 126 us by 2 wus steps
Not e: TFfhiies| dbictan not be modi fied as |l ong as LOC]
programmed (LOCK bits in BDTR register).
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8.419NBIAAGSNI YI LI

registers ar ebima papdeddr easss alb6l e r egi sters as descril

¢l otS nod NBIAAGSNI YIL YR NBasSa oIt dzS

COMRD
ofset | Registr |zlg|a|s|x|g|e|z|z|8|s|8]2|2|=|2|e|z]2|z]z|2]e|e|~|e]|e||a|a]||e
ckp |w | cms » [0 |=
0200 CR1 Reserved [1:0] |§ n:0 EEE—EE o
Reset value g[o[o[o[o[0]o]0]o]0
E | o |
CR2 FERIGEIE S |wspale |3 (B (E
D4 Reserved 5%525%5": 3358
Teset value | nuauaunan|a|uun|:!T
ETP
SMCR EIS| s ETF0] |F | Tsizo SMS[20]
008 Reserved WD | 1:00 =
Feset value Blo|o[o|0]o]0]o0(0|0]0 0 e |0f0]0
4 T [T T [T Wl |
DIER LM uwERRIFEL
0x0C Reserved hgsggggﬂll—gggggﬁ
Heset valuse cjojojojojojojojojojOo|QjO|jO]0O
A Ll [ [
SR OB luluE B8 |
=
ox10 Reserved §§§Hia BlERBREI°
Resel value glojojo|® [G[o(ojolo]olo]o
o lo oo fo
R o - |2
- EG - ihgggggs
Reset value ogjojofojofojo|]o
CCMRO B | ocom IE Wlecezs 8| ocm [ & |CS
Qutputcompare ’ =1 : - ! = |- 5
mode Reserved Q| O g | M0 o) 20 g 1e | 110
g | RS A o[o[o[o[o[o[o[o[o[o[e[o[o[T[o]®
input capty IC2F[3:0] pec | cC28 IC1F(3:0] pec | 5"
put capture Reserved ' i [1:0] : i
mode [1:0] [1:0) | [10]
Reset value ofofo[efefeloe[efoeo[e]o|o]®
COMR1 B | ocam L [cces (8] ocam wfcea
Output compare Reserved g| = gg i'[:ﬂl]% [2:0] §§ [*En]
oxte | Resetvalve of[oofefo[eloe[ofee o [e[o]o]®
Inp%tcmu IC4F[3:0] rf'-cst ‘if;f IC3F[3:0} :!'«cs% cga
mode Reserved IE N [1:0] | [1:0]
Reset value plojofoloJolofolojoojolo]ola]o
o [+ (7T ] [+ 9 [TT] o |
CCER BREEEB IR IERBREEEE
020 Reserved BlEcrlBgBPrlelErPBIBRIC
Reset value o [o[o[o[o[o [0 [o[o[o[0[o[o[7]"
CNT CNT[21:0]
24
Resetvalue (O[O0 O[O0 o0 o0 oo P[P [P [P [P [P [P [°[° [P [°[° [P [P [P [ [°[°
PSC PSC15:0
Ox28 Reserved [ ]
Feset value O[O0 [O[O[O]0]0]0[00]0]0]0]o]0
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4AAT A 18 OACEOOAO i Ap AT A OAOGAO OAI OAO

omset | Reoister |53/R|% (k8|83 8|x|8|2|e|x|e|e|2|2|e|z|2|0|e|~|o|n||n|n|-o
e ARR ARRI31:0]
Reset value DIQ[D[GIEFIQIEIOIQ]QIDIG|DIQID]0]0I‘Jlﬂ|UIUlDIUIﬂlﬂlﬂl@lﬂlﬂlﬂlﬂ'lﬂ
o0 RCR REP{T:0]
Reset value ﬂ|UIﬂID[DIG|ﬂIU
o4 CCRO CCROI[31:0]
Reset value ulﬂ[@[ﬂlulﬂlﬂIﬁl@lﬂ]ﬂlﬂ|DIQ]D]0]0I‘J1'J|UIU[DIUIﬂlﬁlul@lul@ll)lﬂ'lﬂ
o8 CCR1 CCR1[31:0]
Reset value UIG[O[UIUIOIQIUIQ]GIDIU|DIO]D]0]0IU10|UIU[UIUIUlﬁlulﬂlﬂlﬂlclﬂ'lﬂ
vac CCR2 CCR2([31:0]
Reset value ulﬂ[glﬂlulﬂlﬂIﬁlﬂlﬂ]ﬂlﬂ|DIQ]D]0]0I‘J1'J|UIU[DIUIﬂlﬂlul@lul@lulﬂlﬂ
- CCR3 CCR3(31:0]
Reset value QIQIGIHIDIQIQIGIEI]QIDIE DIﬂ]DIﬂ QID|E|UIU|UIU|0|ﬂ'lﬂlﬂlﬂlﬂlﬂlﬂlﬂ
|5 | LOCK .
oag | POTR Reserved skezo) (81312 1218 | i oTral
Reset value Ulﬂlﬂlﬂﬂ ojlojojofo UIC' C||IJ|'DID|UIU'|€||0
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9 Watchdogs
9.1 Overview

AG32 device provide a independent watchdog, which connects to the Advanced Peripheral Bus(APB)A

The independent watchdog is based on a 12-bit downcounter and 8-bit prescaler. Itis clocked from an
independent 32 kHz internal RC and as it operates independently from the main clock, it can operate in
Stop and Standby modes. It can be used either as a watchdog to reset the device when a problem
occurs, or as a free-running timer for application timeout management. It is hardware- or
software-configurable through the option bytes.

The Watchdog module is an AMBA slave module and connects to the Advanced Peripheral Bus (APB).
The Watchdog module consists of a 32-bit down counter with a programmable timeout interval that has
the capability to generate an interrupt and a reset signal on timing out. It is intended to be used to apply
a reset to a system in the event of a software failure.

9.2 Independent watchdog (IWDG )

921 L25D YIAY TSI Gdz2NBa

(1) Free-running down-counter
(2) clocked from an LSI oscillator when Stop and normal modes and from LSE when Standby mode)

(3) Reset (if watchdog activated) when the down-counter value of 0x000 is reached

922 L25D TFdzyOiliA2ylf RSEAONRLIIAZY

Figure below shows the functional blocks of the independent watchdog module.

When the independent watchdog is started, the counter starts counting down from the reset value of
OxFFF. When it reaches the end of count value (0x000) a reset signal is generated (IWDG reset).

Whenever the key value 1010 is written in the IWDG_KR register, the down-counter is initialized and the
watchdog reset is prevented.

Prescaler register Key register
IWDG_PR IWDG_KR
IReset counter
LS| (40Khz) , -
—» 8 bit — 12 bit downcounter IWDG reset
LSE(32Khz) prescaler

DEBGU_FRZ
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923 2| §OKR23 Of 201

If the Independent watchdog (IWDG) is started by either hardware option or software access,
(1) Under run or stop mode

Select LSE or LSI clock source by setting the IWDG_STOP_CLKSEL bit in the Backup domain control
register(RCC_BDCR).

(2) Under Standby mode
HW will select LSE as clock source for IWDG.

924 586dz3 Y2RS

When the mcu enter debug mode, the IWDG counter either continues to work normally or stop,
depending on DBG_IWDG_STOP configuration bit in DBG module.

IWDG timeout period (in ms) at 40 kHz (LSI)

Pre-scaler divider PR[2:0] bits timeout (ms)
2 0 204.8

14 1 409.6

/8 2 819.2

116 3 1638.4

132 4 3276.8

/64 5 6553.6

/128 6 13107.2
/256 7 26214.4

925 L25D NB3IAAGSNA

15‘14 ‘13 ‘12 11 ‘10 ‘9 8 7 6 5 4 3 2 ‘1 ‘o
IWDG_EN IWDG_ |IWDG_ |IWDG_
IWDG_KR[3:0] resery STOP_C STDBY |STOP_F L25DWt wg
reserved ed KSEL | FRZ |RZ reserved
wirw rw rw rw rw rw rw w o wo | rw

Bits 15:12 IWDG_KR<3:0>: Key value (write only, read 1010h)

Mntomy
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These bits must be written by software at regular intervals with the key value 1010h, otherwise the
watchdog generates a reset when the counter reaches 0.

Bits 8 IWDG_EN: IWDG enable control
0: IWDG disable
1: IWDG enable

Bits 6 IWDG_STOP_CKSEL: when STOP mode, select IWDG clock source.
0: select LSI
1: select LSE

note: when STANDBY mode, force to select LSI.

Bits 5 IWDG_STDBY_FRZ: when STANDBY mode, the IWDG counter either continues to work normally
or stop.

0: normal work

1: stop

Bits 4 IWDG_STOP_FRZ: when STOP mode, the IWDG counter either continues to work normally or
stop.

0: normal work

1: stop

Bits 2:0 IWDG_PR[2:0]: Pre-scaler divider

These bits are written by software to select the prescaler divider feeding the counter clock.
000: divider /2

001: divider /4

010: divider /8

011: divider /16

100: divider /32

101: divider /64

110: divider /128

111: divider /256

Mmnfomy
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9.3 Functional overview

9.3.1 CSI (dzNB a

The features of the Watchdog module are:

w32-bit down counter with a programmable timeout interval.

wSeparate Watchdog clock with clock enable for flexible control of the timeout interval.

wlnterrupt output generation on timeout.

wReset signal generation on timeout if the interrupt from the previous timeout remains unserviced by
software.

wLock register to protect registers from being altered by runaway software.

wldentification registers that uniquely identify the Watchdog module. These can be used by software to
automatically configure itself

Figure below shows a simplified block diagram of the Watchdog module.

AMBA APB Interface Free Running Counter
| Load Register | |Contro| Register|
<+« AMBA APB signals —»| . |
ID Registers
Lock Register 1 v
Integration Test Registers | 32-bit down counter |

— |

Value Register Interrupt and  [—WDOGINT —»
reset generation - WDOGRES —
WDOGCLK > i
WDOGCLKEN > |Raw Interrupt Status Register
Masked Interrupt Status Register
WDOGRESN » |Interrupt Clear Register

Programmable parameters

The following Watchdog module parameters are programmable:
winterrupt generation enable/disable

winterrupt masking

wreset signal generation enable and/disable

winterrupt interval.

932 2| OKR23 Y2RdzZA S 203SNIWASS

The Watchdog module is based around a 32-bit down counter that is initialized from the Reload
Register, WdogLoad. The counter decrements by one on each positive clock edge of WDOGCLK when

MOYyoMy
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the clock enable WDOGCLKEN is HIGH. When the counter reaches zero, an interrupt is generated. On
the next enabled WDOGCLK clock edge the counter is reloaded from the WdogLoad Register and the
count down sequence continues. If the interrupt is not cleared by the time that the counter next reaches
zero then the Watchdog module asserts the reset signal, WDOGRES, and the counter is stopped.
WDOGCLK can be equal to or be a sub-multiple of the PCLK frequency. However, the positive edges
of WDOGCLK and PCLK must be synchronous and balanced.

The Watchdog module interrupt and reset generation can be enabled or disabled as required by use of
the Control Register, WdogControl. When the interrupt generation is disabled then the counter is
stopped. When the interrupt is re-enabled then the counter starts from the value programmed in
WdogLoad, and not from the last count value.

Write access to the registers in the Watchdog module can be disabled by the use of the Watchdog
module Lock Register, WdogLock. Writing a value of OXxX1IACCES51 to the register enables write
accesses to all of the other registers. Writing any other value disables write accesses to all registers
except the Lock Register. This feature protects the Watchdog module registers from being spuriously
changed by runaway software that might otherwise disable the Watchdog module operation.

~ A

933 Qzy Ol A2y +Ff RSAONALIGAZY

The Watchdog module block diagram is shown in Figure below.

—PRESETn—»| AMBA APB Interface Free Running Counter
———PSEL—»|
——PENABLE —»| _PWDATNSLG]W Load Register ‘ |Contro| Regisler|
—PADDR[4:2] =
——PWRITE —| Fresel _
—PADDR[11:2] = : . v .
~PWDATA([31:0] | |ID Registers [+ FreDatal31:0] = —5 i down counter |
PRDATAI31:0 Lock Register —WdogLock —»|
- A[31:0] Integration Test Registers
—PCLK—| 1A
Value Register Interrupt and  [—WDOGINT —»
reset generation — WDOGRES —»
WDOGCLK »
WDOGCLKEN * | Raw Interrupt Status Register
Masked Interrupt Status Register
WDOGRESn » | Interrupt Clear Register

AMBA APB interface

The AMBA APB slave interface generates read and write decodes for accesses to all registers in the
Watchdog module. The Lock Register, WdogLock, is used to control the enabling of write accesses to
all the other registers in order to ensure software cannot unintentionally disable the Watchdog module
operation.

Free running counter block
The free running counter block contains the 32-bit down counter functionality and generates the
interrupt and reset signal outputs. The counter and interrupt/reset logic is clocked independently of

PCLK by WDOGCLK in conjunction with a clock enable, WDOGCLKEN, although there are
Mmn ho my
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constraints on the relationship between PCLK and WDOGCLK. See Clock signals for details of these
constraints.

Interface resets

The Watchdog module is reset by:

wthe global reset signal, PRESETn

wa block specific reset signal, WDOGRESN.

PRESETn can be asserted asynchronously to PCLK but must be deasserted synchronously to the
rising edge of PCLK. PRESETnN is used to reset the state of the Watchdog module registers. The
Watchdog module requires PRESETn to be asserted LOW for at least one period of PCLK. The values
of the registers after reset are defined in Chapter 3 Programmer®@ Model.

WDOGRESN can be asserted asynchronously to WDOGCLK but must be deasserted synchronously to
the rising edge of WDOGCLK. WDOGRESN is used to reset the state of registers in the WDOGCLK
domain. The Watchdog module requires WDOGRESN to be asserted LOW for at least one period of
WDOGCLK.

Clock signals

The Watchdog uses two input clocks:

PCLK This is used to time all APB accesses to the Watchdog module registers.

WDOGCLK

This clock, in conjunction with its clock enable, WDOGCLKEN, is used to clock the Watchdog module
counter and its associated interrupt and reset generation logic. The Watchdog counter only decrements
on a rising edge of WDOGCLK when WDOGCLKEN is HIGH. The relationship between WDOGCLK
and PCLK must observe the following constraints:

wthe rising edges of WDOGCLK must be synchronous and balanced with a rising edge of PCLK

wthe WDOGCLK frequency cannot be greater than the PCLK frequency.

934 hLISNI GA2Y

After the initial application and release of PRESETn and WDOGRESN, the Control Register is reset
and interrupt and reset generation is disabled. The Lock Register, WdogLock, is initialized in the
unlocked state so that write access to all Watchdog module registers is enabled. The Watchdog
counter remains at its initial value (OxXFFFFFFFF) until the interrupt generation is enabled by setting the
INTEN bit in the WdogControl Register.

The WdoglLoad Register must be programmed with the desired timeout interval before the Watchdog
module is enabled. After the INTEN bit is set, the counter is loaded with the value in the WdogLoad
Register on the next rising edge of WDOGCLK enabled by WDOGCLKEN. On each subsequent
enabled WDOGCLK rising edge the counter decrements by one. When the counter reaches zero an
interrupt is generated and the Watchdog interrupt signal, WDOGINT, is asserted. The counter is then
reloaded from the value in the WdogLoad Register and starts another count down sequence.

The interrupt is cleared by a write of any data value to the WdogIntClr Register. This causes the
counter to reload with the value held in the WdogLoad Register and another count down sequence

starts. If the interrupt is not cleared before the counter next reaches zero then the WDOGRES signal is
Mphomy
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asserted if the reset enable bit, RESEN, in the WdogControl Register is set. After the WDOGRES
signal is asserted, the counter stops.

In a SoC, the WDOGRES signal is used to reset a system that has got into an unpredictable state.
Therefore, the Watchdog module expects to be reset by PRESETn and WDOGRESNn and the
initialization procedure starts again.

To protect the Watchdog module registers from being changed unintentionally, the Lock Register,
WdogLock, must be used to disable the write access to the Watchdog module registers after registers
have been modified. To enable write access to all registers, write Ox1IACCES551 to the Lock Register,
WdogLock. After writing to the required Watchdog registers, disable write access to all registers except
the Lock Register by writing any value other than 0OxX1ACCE551 to the Lock Register. Reading the Lock
Register returns the lock status rather than the 32-bit value written. Therefore, when write accesses are
disabled, reading the lock register returns 0x00000001 (locked) otherwise the return value is
0x00000000 (unlocked).

If the Load Register, WdogLoad, is written to with a new value while the Watchdog counter is
decrementing then the counter is reloaded immediately with the new load value and continues
decrementing from the new value. Writing to WdogLoad does not clear an active interrupt. An interrupt
must be specifically cleared by writing to the Interrupt Clear Register, WdogIntClr.

If the interrupt generation is disabled by clearing the INTEN bit in the Control Register, WdogControl,
the counter stops at its current value. When the interrupt generation is enabled again the counter
reloads from the Load Register, WdogLoad, and starts to decrement.

Interrupt behavior

When the Watchdog raises an interrupt by asserting WDOGINT, the timing of this signal is generated
from a rising clock edge of WDOGCLK enabled by WDOGCLKEN. When the interrupt is cleared by a
write to the Interrupt Clear Register, WdogIntClr, the WDOGINT signal is deasserted immediately in the
PCLK domain rather than waiting for the next enabled WDOGCLK rising edge.

Figure below shows an example of the timing for an interrupt being raised and cleared.

WDOGaLK A \ 11
—

WDOGCLKEN :l

{

|
f Interrupt I::Iearéd immediately on write

WDOGINT Interrupt asserted when counter to Clear Interrunt Register
reaches zero 1+
PSEL ) / \ )
ij Jr.’
PENABLE B / \ )
o B

‘Write to Interrupt Clear
Register, WdoglntClr

Programming the timeout interval

The Watchdog module counter is clocked by the rising edge of WDOGCLK when WDOGCLKEN is
HIGH. In the case where WDOGCLKEN is permanently HIGH, the count rate is equal to the
WDOGCLK frequency. When WDOGCLKEN is periodically pulsed HIGH for one WDOGCLK rising
edge then the count rate is equal to the frequency of the WDOGCLKEN pulses. The frequency of
enabled clock edges is referred to as the effective watchdog clock frequency and the period is referred
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to as the effective watchdog clock period.

The Watchdog counter is reloaded from the Load Register, WdogLoad, whenever:

wthe counter reaches zero

wthe interrupt generation is enabled by setting the INTEN bit in the Control Register, WdogControl,
when it was previously disabled

wan interrupt is cleared by writing to the Interrupt Clear register, WdogIntClr

wa new value is written to the Load Register, WdogLoad.

The time interval between the counter load occurring, and the counter reaching zero and generating an
interrupt is given by the following expression:

Interrupt interval = (WdogLoad+1) x effective watchdog clock period

The initial reset value for WdogLoad is OxFFFFFFFF and for an example effective watchdog frequency
of 1IMHz (period of 1ms) the interrupt interval is 4295 seconds.

The minimum valid value for WdogLoad is 0x00000001. If WdogLoad is set to 0x00000000, an interrupt
is always generated immediately.

Table below shows examples of WdogLoad values required for a variety of interrupt intervals when the
effective watchdog clock frequency is 1MHz.

Table 2-1 Example values for a 1MHz clock

Interrupt interval WdoglL.oad

(ms) Hex Decimal
1 0x000003E7 999

50 0x00001387 4999

100 0x0001869F 99999
500 0x0007A11F 499999
1000 0x000F423F 999999

935 {dzYYI NBE 2F NBIAaGSNEH

Summary of Watchdog module registers

Address Type Width | Reset Name

value
Base +0x00 Read/write| oH OxFFFFFFFF WdoglLoad
Base +0x04 Readonly | oH OXFFFFFFFF WdogValue
Base +0x08 Read/write| H 0x0 WdogControl
Base +0x0C Write-only | - - WdogIntClr

MpHAOMY
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Base +0x10 Readonly | m 0x0 WdogRIS
Base H0x14 Readonly | m 0x0 WdogMIS
Base + Ox18xBFC | - - - -

Base + 0xC00 Read/write| 32 0x0 WdogLock

936 WSIAAAGSNI RSAONRLIIA2Y &

Load Register, WdogLoad

This is a 32-bit read/write register that contains the value from which the counter is to decrement. When
this register is written to, the count is immediately restarted from the new value. The minimum valid
value for WdogLoad is 1. If WdogLoad is set to 0 then an interrupt is generated immediately.

Value Register, WdogValue
This read-only 32-bit register gives the current value of the decrementing counter.

Control register, WdogControl
This is a read/write register that enables the software to control the Watchdog module. Table below
shows the bit assignment of the WdogControl Register.

Table 3-2 Control register bit assignment

Bit Name Type Function

[31:2] - - Reserved.

[1] RESEN  Read/write  Enable Watchdog module reset output, WDOGRES. Acts as a mask for the reset
output. Set HIGH to enable the reset, and LOW to disable the reset.

[0] INTEN  Read/write Enable the interrupt event, WDOGINT. Set HIGH to enable the counter and the
interrupt, and set LOW to disable the counter and interrupt. Reloads the counter from
the value in WdogLoad when the interrupt is enabled, and was previously disabled.

Interrupt Clear Register, WdogIntClr
A write of any value to this location clears the Watchdog module interrupt, and reloads the counter from
the value in the WdogLoad Register.

Raw Interrupt Status Register, WdogRIS

This register indicates the raw interrupt status from the counter. The Raw Interrupt Status Register
indicates that an interrupt has been raised by the Watchdog counter reaching zero. Table below shows
the bit assignment of the WdogRIS Register

Table 3-3 Raw Interrupt Status Register bit assignment

Bit Name Type Function
[31:1] - E Reserved
[0] WDOGRIS Read  Raw interrupt status from the counter
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Masked Interrupt Status Register, WdogMIS

This register indicates the masked interrupt status from the counter. This value is the logical AND of the
raw interrupt status with the INTEN bit from the Control Register, and is the same value that is passed
to the interrupt output pin WDOGINT. Table below shows the bit assignment of the WdogMIS Register.

Table 3-4 Interrupt Status Register bit assignment

Bit Name Type Function
[31:1] - - Reserved
[0] WDOGMIS Read  Enabled interrupt status from the counter

Lock Register, WdogLock

This register allows write-access to all other registers to be disabled. This is to prevent rogue software
from disabling the Watchdog module operation. Writing a value of OxX1IACCES551 enables write access
to all other registers. Writing any other value disables write accesses. A read from this register returns
the lock status rather than the value written:

w0 indicates that write access is enabled (not locked)

w1l indicates that write access is disabled (locked).

Table below shows the bit assignment of the WdogLock Register.

Table 3-5 Lock Register bit assignment

Bit Name Type Function

[31:0] WDOGLOCK  Read/write  Writing @x1ACCES51 to this register enables write access to all other registers.
Writing any other value disables write access to all other registers.
A read returns the lock status:
0x00000000 = write access to all other registers is enabled

0x00000001 = write access to all other registers is disabled.
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Appendi x A
Signal Descriptions
A.1 AMBA APB signals

The Watchdog module is connected to the AMBA APB as a bus slave. Table A-1 describes the APB
interface signals.

Table A-1 AMBA APB signal descriptions

Name Type  Source/Destination Description

PRESETn Input Reset controller APB bus reset signal, active LOW.

PCLK Input Clock generator AMBA APB clock.

PENABLE Input APB bridge AMBA APB enable signal. PENABLE is asserted HIGH for

one cycle of PCLK to enable a bus transfer.

PSEL Input APB bridge ‘Watchdog module select signal from the decoder within the APB
bridge. When HIGH this signal indicates the slave device is
selected by the APB bridge, and that a data transfer is required.

PWRITE Input APB bridge AMBA APB transfer direction signal, indicates a write access
when HIGH, read access when LOW.

PADDR[11:2] Input APB bridge Subset of AMBA APB address bus.

PWDATA[31:0] Input APB bridge Unidirectional AMBA APB write data bus.

PRDATA[31:0] Output APB bridge Unidirectional AMBA APB read data bus.

A.2 Non -AMBA signals
Table A-2 describes the Watchdog module non-AMBA signals.

Table A-2 Non-AMBA signals

Name Type  Source/Destination Description

WDOGCLK Input Clock generator Watchdog module clock

WDOGCLKEN Input Clock generator Watchdog module clock enable

WDOGRESn Input Reset generator Watchdog module reset signal, active LOW
WDOGINT Qutput  Interrupt controller Watchdog module interrupt, active HIGH
WDOGRES Output  Reset controller Watchdog module timeout reset, active HIGH
SCANENABLE Input Test controller Placeholder for Watchdog module scan enable signal
SCANINPCLK Input Test controller Placeholder for Watchdog module input scan signal
SCANOUTPCLK Output  Test controller Placeholder Watchdog module output scan signal
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10 Realtime clock (RTC)

The real-time clock is an independent timer. The RTC provides a set of continuously running counters
which can be used, with suitable software, to provide a clock-calendar function. The counter values can
be written to set the current time/date of the system.

The RTC core and clock configuration are in the Backup domain, which means that RTC setting and
time are kept after reset or wakeup from Standby mode. After reset, access to the Backup registers and
RTC is disabled and the Backup domain (BKP) is protected against possible parasitic write access.

To enable access to the Backup registers and the RTC, proceed as follows:

(1) Enable the power and backup interface clocks by setting the PWREN and BKPEN bits in the
RCC_APBI1ENR register

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

10.1 RTC main features:

Programmable pre-scaler : division factor up to 27220

32-bit programmable counter for long-term measurement

The RTC clock source could be any of the following ones:

(1) CLKLOCAL from interconnect logic

(2) LSE oscillator clock

(3) LSI oscillator clock

Two separate reset types:

(1) The APB interface is reset by system reset

(2) The RTC Core (Pre-scaler, Alarm, Counter and Divider) is reset only by a Backup domain reset.
Three dedicate interrupt lines:

(1) Alarm interrupt, for generating a software programmable alarm interrupt.

(2) Seconds interrupt, for generating a periodic interrupt signal with a programmable period length.(up
to 1 second).

(3) Overflow interrupt, to detect when the internal programmable counter rolls over to zero.

10.2 RTC functional description

The RTC consists of two main units. The first one (APB1 Interface) is used to interface with the APB1
bus. This unit also contains a set of 16-bit registers accessible from the APB1 bus in read or write mode.
The APBL interface is clocked by the APB1 bus clock in order to interface with the APB1 bus.
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The other unit (RTC Core) consists of a chain of programmable counters made of two main blocks. The
first block is the RTC pre-scaler block, which generates the RTC time base TR_CLK that can be
programmed to have a period of up to 1 second. It includes a 20-bit programmable divider (RTC
Pre-scaler). Every TR_CLK period, the RTC generates an interrupt (Second Interrupt) if it is enabled in
the RTC_CR register. The second block is a 32-bit programmable counter that can be initialized to the
current system time. The system time is incremented at the TR_CLK rate and compared with a
programmable date (stored in the RTC_ALR register) in order to generate an alarm interrupt, if enabled
in the RTC_CR control register.

RTC simplified block diagram

s

Not powered in standby
Y A 3
RTC_second RTC_oVerflow RTC_alarm

32 bit counter

LSE
RTC_CLK
LSl —» >
CLK_LOCAL R_CLK

Powered in standby

»

RTC prescaler

Powered in standby

Backup domain

4
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All system registers are asynchronously reset by a System Reset or Power Reset, except for RTC_PRL,
RTC_ALR, RTC_CNT, and RTC_DIV.

The RTC_PRL, RTC_ALR, RTC_CNT, and RTC_DIV registers are reset only by a Backup Domain
reset.

wSFRAY3 w¢/ NBIAAGSNAE

Mpftomy



AG32

The RTC core is completely independent from the RTC APBL interface.

Software accesses the RTC pre-scaler, counter and alarm values through the APBL1 interface but the
associated readable registers are internally updated at each rising edge of the RTC clock
resynchronized by the RTC APBL clock. This is also true for the RTC flags.

This means that the first read to the RTC APBL1 registers may be corrupted (generally read as 0) if the
APBL1 interface has previously been disabled and the read occurs immediately after the APB1 interface
is enabled but before the first internal update of the registers. This can occur if:

(1) A system reset or power reset has occurred

(2) The MCU has just woken up from Standby mode

(3) The MCU has just woken up from Stop mode

In all the above cases, the RTC core has been kept running while the APB1 interface was disabled
(reset, not clocked or unpowered).

Consequently when reading the RTC registers, after having disabled the RTC APB1 interface, the
software must first wait for the RSF bit (Register Synchronized Flag) in the RTC_CRL register to be set
by hardware.

Note that the RTC APB1 interface is not affected by WFI and WFE low-power modes.

[ 2y FAIdzZNRAY 3T we¢/ NBEIAEAGSNAE

To write in the RTC_PRL, RTC_CNT, RTC_ALR registers, the peripheral must enter Configuration
Mode. This is done by setting the CNF bit in the RTC_CRL register.

In addition, writing to any RTC register is only enabled if the previous write operation is finished. To
enable the software to detect this situation, the RTOFF status bit is provided in the RTC_CR register to
indicate that an update of the registers is in progress. A new value can be written to the RTC registers
only when the RTOFF status bit value is QQ

Configuration procedure

1. Poll RTOFF, wait until its value goes to ¥Q

2. Set the CNF bit to enter configuration mode

3. Write to one or more RTC registers

4. Clear the CNF bit to exit configuration mode

5. Poll RTOFF, wait until its value goes to ¥Qo check the end of the write operation.

The write operation only executes when the CNF bit is cleared; it takes at least three RTCCLK cycles to
complete.

we¢/ FEl 3 FaaSNIAz2y

The RTC Second flag (SECF) is asserted on each RTC Core clock cycle before the update

of the RTC Counter.

The RTC Overflow flag (OWF) is asserted on the last RTC Core clock cycle before the

counter reaches 0x0000.

The RTC_Alarm and RTC Alarm flag (ALRF) are asserted on the last RTC Core clock cycle before
the counter reaches the RTC Alarm value stored in the Alarm register increased by one (RTC_ALR + 1).
The write operation in the RTC Alarm and RTC Second flag must be synchronized by using one of the
following sequences:

(1) Use the RTC Alarm interrupt and inside the RTC interrupt routine, the RTC Alarm and/or RTC
Counter registers are updated.
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(2) Wait for SECF bit to be set in the RTC Control register. Update the RTC Alarm and/or
the RTC Counter register.

we/ aSO2yR FYR FEFNY 6F@BSTF2NY SEFYLES 6AGK twlinnnos
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11 DMA

11.1 Overview

The flexible general-purpose DMA controllers provide a hardware method of transferring data between
peripherals and/or memory without intervention from the CPU, thereby freeing up bandwidth for other
system functions. Three types of access method are supported: peripheral to memory, memory to
peripheral, memory to memory.

Each channel is connected to fixed hardware DMA requests. The priorities of DMA channel requests
are determined by software configuration and hardware channel number. Transfer size of source and
destination are independent and configurable.

Features of the DMAC

The DMAC offers:

wEight DMA channels. Each channel can support a unidirectional transfer.
w16 DMA requests. The DMAC provides 16 peripheral DMA request lines.

wSingle DMA and burst DMA request signals. Each peripheral connected to the DMAC can assert
either a burst DMA request or a single DMA request. You set the DMA burst size by programming the
DMAC.

wMemory-to-memory, memory-to-peripheral, peripheral-to-memory, and peripheral-to-peripheral
transfers.

wScatter or gather DMA support through the use of linked lists.

wHardware DMA channel priority. Each DMA channel has a specific hardware priority. DMA channel 0
has the highest priority and channel 7 has the lowest priority. If requests from two channels become
active at the same time, the channel with the highest priority is serviced first.

wAHB slave DMA programming interface. You program the DMAC by writing to the DMA control
registers over the AHB slave interface.

wTwo AHB bus masters for transferring data. Use these interfaces to transfer data when a DMA
request goes active.

w32-bit AHB master bus width.
wlncrementing or non-incrementing addressing for source and destination.

wProgrammable DMA burst size. You can programme the DMA burst size to transfer data more
efficiently. The burst size is usually set to half the size of the FIFO in the peripheral.

winternal four word FIFO per channel.

wSupports eight, 16, and 32-bit wide transactions.

wBig-endian and little-endian support. The DMAC defaults to little-endian mode on reset

Raw interrupt status. You can read the DMA error and DMA count raw interrupt status prior to masking.
wTest registers for use in block and integration system level testing.

wldentification registers that uniquely identify the DMAC. An operating system can use these to
automatically configure itself
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11.2 Functional Overview
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The DMAC enables the following transactions:

wmemory-to-memory

wmemory-to-peripheral

wperipheral-to-memory

wperipheral-to-peripheral.

Each DMA stream provides unidirectional serial DMA transfers for a single source and destination. For
example, a bidirectional port requires one stream for transmit and one for receive. The source and
destination areas can each be either a memory region or a peripheral, and you can access them
through the same AHB master, or one area by each master. Figure 2-1 shows a block diagram of the

DMAC.

DMA controller

HCLK > HADDRMA[31:0}—p
HTRANS > HWRITEM1——»
HRESETn N HSIZEM1[2:0]—
HSELDMAC > HPROTM1[3:0}—p
HWRITE o contrat o HLOCKDMACM1—»
HSIZE[2:0] > ontrof logic HTRANSM1[1:0}—p
HREADYIN > in‘fﬁf‘;‘ie > a”dbr:r?f‘er ”iﬂg ﬁrgzztfr HBURSTMA1[2:0}—
HADDR[11:2]—p HWDATAM1[31:0] —p
——HWDATA[31:0]—> «-HRDATAM1[31:0]—
<«——HRDATA[31:0] | HREADYINM1
<«——HRESP[1:0} <«+—HRESPMA[1:0}—
<«——HREADYOUT - HBUSREQDMACM1—»
——DMACBREQ[15:0]—» HGRANTDMACM1—
——DMACSREQ[15:0]=>  pua Channel logic HADDRM2[31:0}—p
—DMACLBREQ[15:0}P{ request and HWRITEM2——»
—DMACLSREQ[15:0H and |€—» channel 4] HSIZEM2[2:0]—p
response register HPROTM2[3:0]—
€—DMACCLR[15:0} interface bank HLOCKDMACM2—»
<«—DMACTC[15:0] A mastor T~ HTRANSM2[1:0}—
<«——DMACINTERR interface 2 u""fu RSTM2[2:0}—
OMACINTITC Interrupt | HWDATAM2[31:0] —p
request HRDATAM2[31:0] ==

+——DMACINTR
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HREADYINM2

Fy | A A A

HRESPM2[1:0]}——
HBUSREQDMACM2—»
HGRANTDMACM2——

Figure 2-1 DMAC block diagram
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All transactions on the AHB slave programming bus of the DMAC are 32 bits. This eliminates endian
issues when programming the DMAC.
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The register block stores data written, or to be read across the AMBA AHB interface. Program the
DMAC with this block using an AMBA AHB slave interface.
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Peripheral requests

Request 0 FLASH_DMA_REQ GPTIMERO_TRIGGER_DMA_H GPTIMER3_CC_DMAO_REQ | UART1_RX_DMA_RE
Request 1 EXT_DMAO_REQ GPTIMER1_UPDATE_DMA_R| GPTIMER3_CC_DMA1_REQ | UART2_TX_DMA_RE|
Request 2 EXT_DMA1_REQ GPTIMER1_CC_DMAO_REQ | GPTIMER3_CC_DMA2_REQ | UART2_RX_DMA_RE
Request 3 EXT_DMA2_REQ GPTIMER1_CC_DMA1_REQ | GPTIMER3_CC_DMA3_REQ | UART3_TX_DMA_RE|
Request 4 EXT_DMA3_REQ GPTIMER1_CC_DMA2_REQ | GPTIMER3_COM_DMA_REQ | UART3_RX_DMA_RE
Request 5 FCBO_DMA_REQ GPTIMER1_CC_DMA3_REQ | GPTIMER3_TRIGGER_DMA_F UART4_TX_DMA_RE|
Request 6 GPTIMER1_COM_DMA_REQ | GPTIMER4_UPDATE_DMA_R| SPIO_TX_DMA_REQ UART4_RX_DMA_RE
Request 7 GPTIMER1_TRIGGER_DMA_F GPTIMER4_CC_DMAO_REQ | SPIO_RX_DMA_REQ

Request 8 GPTIMER2_UPDATE_DMA_R| GPTIMER4_CC_DMA1_REQ | SPI1_TX_DMA_REQ

Request 9 GPTIMER2_CC_DMAO_REQ | GPTIMER4_CC_DMA2_REQ | SPI1_RX_DMA_REQ

Request 10 GPTIMERO_UPDATE_DMA_R| GPTIMER2_CC_DMA1_REQ | GPTIMER4_CC_DMA3_REQ

Request 11 GPTIMERO_CC_DMAO_REQ | GPTIMER2_CC_DMA2_REQ | GPTIMER4_COM_DMA_REQ

Request 12 GPTIMERO_CC_DMA1_REQ | GPTIMER2_CC_DMA3_REQ | GPTIMER4_TRIGGER_DMA_H

Request 13 GPTIMERO_CC_DMA2_REQ | GPTIMER2_COM_DMA_REQ | UARTO_TX_DMA_REQ

Request 14 GPTIMERO_CC_DMA3_REQ | GPTIMER2_TRIGGER_DMA_F UARTO_RX_DMA_REQ

Request 15 GPTIMERO_COM_DMA_REQ | GPTIMER3_UPDATE_DMA_R| UART1_TX_DMA_REQ

11214 #EATTAI 1T CEA AT A AEATTAI
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The channel logic and channel register bank contains registers and logic that each DMA channel

requires.

11.2.1.5
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The interrupt request generates interrupts to the core processor.
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The DMAC contains two full AHB masters. Figure below shows a block diagram of the two masters
connected into a system. This enables, for example, the DMAC to transfer data directly from the
memory connected to AHB port 1 to any AHB peripheral connected to AHB port 2. It also enables
transactions between the DMAC and any APB peripheral to occur independently of transactions on
AHB bus 1.

DMA controller
AHB slave AHB AHB
CPU core master 1 master 2
Interrupt

External | | Memory AHB bridge ¢ APB bridge
memory interface T

AHB

peripheral

Figure 2-2 Dual AHB masters

The two AHB masters are each capable of dealing with all types of AHB transactions, including:

wSplit, retry, and error responses from slaves. If a peripheral performs a split or retry, the DMAC stalls
and waits until the transaction can complete.

wLocked transfers for source and destination of each stream.
wSetting of protection bits for transfers on each stream.

All AHB signals are connected as defined in the AHB Specification. The two AHB masters must be
synchronous. They must use the same HCLK. Support for asynchronous AHB buses is not defined
within the DMAC, and you must implement it by using wrappers, if required.

Bus and transfer widths

The two AHB masters are connected to buses of the same width. The default is a 32-bit bus. Source
and destination transfers can be different widths, and can be the same width or narrower than the
physical bus width. The DMAC packs or unpacks data as appropriate. The DMAC uses HSIZE1 or
HSIZEZ2 to indicate the width of a transfer, and if this fails to match the width expected by the peripheral,
then the peripheral can assert an error on HRESP1 or HRESP2.

Endian behavior

The DMAC can cope with both little-endian and big-endian addressing. You can set the endianness of
each AHB master individually.

Internally, the DMAC treats all data as a stream of bytes instead of 16-bit or 32-bit quantities. This
means that when performing mixed-endian activity, where the endianness of the source and
destination are different, byte swapping of the data within the 32-bit data bus occurs.

Note:

If you do not require byte swapping, avoid using different endianness between the source and
destination addresses.
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Error conditions

An error during a DMA transfer is flagged directly by the peripheral by asserting an Error response on
the AHB bus during the transfer. The DMAC automatically disables the DMA stream after the current
transfer has completed, and optionally generates an error interrupt to the CPU. You can mask this error
interrupt.

P ~ ~
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A dedicated hardware channel supports each stream, including source and destination controllers, and

a FIFO. This enables better latency than a DMAC with only a single hardware channel shared between
several DMA streams, and also simplifies the control logic.

11218 4A00 OACEOOAO0O

Test registers are provided for integration testing. You must not read or write to test registers during
normal use. The integration testing verifies that the DMAC is connected into a system correctly,
enabling you to write to and read each input and output.

11219 $-1! OANOAOO POET OEOU

DMA channel priority is fixed. DMA channel O has the highest priority and DMA channel 7 has the
lowest priority.

If the DMAC is transferring data for a lower priority channel, and then a higher priority channel goes
active, it completes the number of transfers delegated to the master interface by the lower priority
channel before switching over to transfer data for the higher priority channel. In the worst case, this is
as large as one quadword.

The two lowest priority channels in the DMAC, 6 and 7, are designed so that they cannot saturate the
AHB bus. If one of these lower priority channels goes active, the DMAC relinquishes the bus for one
cycle each four transfers of the programmed WIDTH irrespective of the size of the transfer. For
example, if the programmed size WIDTH is 8, then after four transfers of 8 bits the DMAC relinquishes
the bus. This enables other AHB masters to access the bus.

It is recommended that memory-to-memory transactions use one of these low-priority channels or other
lower priority AHB bus masters cannot access the bus during DMAC memory-to-memory transfer.

11.22{ eaidSY O2yaARSNIUGAZ2YV A

Reducing the number of transactions that occur on the buses reduces the latency on the bus, improves
system performance, and reduces power consumption. Therefore, the following design considerations
are recommended:

wAIll memory transactions are, in the standard configuration, 32 bits wide to improve bus efficiency.
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wPeripherals with natural word sizes that are less than 32 bits must contain byte or halfword packing
hardware so that all transactions can be made 32 bits wide.

wSlow peripherals that normally use wait states must contain FIFOs so you can transfer data at full
speed using burst transfers.

7 PN
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Figure below shows how the DMAC connects to a system

AHB slave DMAC AHB master
interface interface 1
— . | HADDRMA1[31:0}——)
HCLK ' HWRITEM1 >
HTRANS - HSIZEM1[2:0} »
HRESETn > HPROTM1[3:0}——
HSELDMAC > HLOCKDMACM1—»
HWRITE » Bus HTRANSM1[1:0 AHBA
AHB | ___usizE[2:0) » Bus interface i 0} ' signals
slave HREADYIN interface HBURSTM1[2:0}——>
signals - - HWDATAM1[31:0] ——p-
HADDR[11:2] v «-HRDATAM1[31:0]
HWDATA[31:0] » ) HREADYINM1
«——HRDATA[31:0] ) HRESPMA[1:0]
4———HRESP[1:0} - ’ ;
(«——HREADYOUT Bus HBUSREQDMACM1—» | AHB1
request e HGRANTDMACM1 arbiter
(———DMACBREQ[15:0]——p
DMA | ——DMACSREQ[15:0)—p DMA AHB master
respogis DMACLBREQ[15:0]+—p reaqu.:sst interface 2 .
-oH—a HADDRM2[31:0}—
recuest DMACLSREQ[15:0H— rocponse L-"-ene[m
signals | 4——DMACCLR[15:0} interface e
| ——DMACTC[15:0} :f;iETB:ZI[Z;?UI—D
Interrupt | +———DMACINTERR: Interrupt 5 HLOCKDMACM2—» 5
re_quest «+———DMACINTTC request . ;5 HTMNSM![“D] > A_H 2
signals | +———DMACINTR interiace HBURSTM2[2:0— | *9"%"
HWDATAM2[31:0] —p
«--~HRDATAM2[31:0]
4 HREADYINM2
<+ HRESPM2[1:0]
Bus HBUSREQDMACM2—» | AHB2
request |« HGRANTDMACM2 arbiter
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The AHB slave and master interfaces all execute from the same clock, HCLK. Each master is entirely
separate and there is no shared logic between them.

11232 !t (" OI AOGA ET OAOEAAA

The AHB slave interface programs the DMAC. Figure 2-3 on page 2-13 shows the port-level
connections of the AHB slave interface module.
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Unless otherwise stated, you must connect this interface as the AMBA Specification describes. You
can set the AHB signals while performing DMA transfers.
Protection control
Software programs HPROT]3:0] bits for each DMA channel. The bits are set as follows:
HPROTIO] Opcode, or data. This bit is hardcoded to Data-1.
HPROT[1] User or privileged:
user=0
privileged = 1.

Programmed by software. See Channel Control Registers. During LLI
loads, HPROT([1] is made 1, privileged.

HPROTI[2] Bufferable or non-bufferable:
non-bufferable = 0
bufferable = 1.

Programmed by software. See Channel Control Registers. During LLI
loads, HPROT[2] is made 0.

HPROTI3] Cacheable or non-cacheable:
non-cacheable = 0
cacheable = 1.

Programmed by software. See Channel Control Registers. During LLI
loads, HPROT([3] is made 1.

Peripherals can interpret the HPROT information as required to help perform efficient transactions. For
example:

wYou can use the HPROTJ[1] user or privileged bit to protect certain peripherals or memory spaces
from user mode transactions.

wYou can use the HPROTI[?2] bufferable or nonbufferable bit to indicate to an AMBA bridge that the
write can complete in zero wait states on the source bus. This is without waiting for it to arbitrate for the
destination bus, and for the slave to accept the data.
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wAn AMBA bridge can use the HPROTJ3] cacheable or noncacheable bit so that on the first read of a
burst of eight, it can transfer the whole burst of eight reads on the destination bus, rather than pass the
transactions through one at a time.

Lock control

Set the lock bit by programming bit 16 in the DMACCxConfiguration Register. See Channel
Configuration Registers.

When a burst occurs, the AHB arbiter must not degrant the master during the burst until the lock is
deasserted. You can lock the DMAC for a single burst such as a long source fetch burst or a long
destination drain burst. The DMAC does not usually assert the lock continuously for a source fetch
burst followed by a destination drain burst.

There are situations when the DMAC asserts the lock for source transfers followed by destination
transfers. This is possible when internal conditions in the DMAC enable it to perform a source fetch
followed by a destination drain back-to-back, and when the following conditions are both met:

wSource width = destination width, and,
wSource burst size is a minimum of 4.
Bus width

The source width, SWidth, or destination width, DWidth, values in the DMACCxControl Register
program the HSIZE[1:0] bits.

11.234 Y1 OA00OO6PO CAT AOAOETIT 11 CEA

The DMAC generates the individual maskable active HIGH interrupts. A combined interrupt output is
also generated as an OR function of the individual interrupt requests.

You can use the single combined interrupt with a system interrupt controller that provides another level
of masking on a per-peripheral basis. This enables you to use modular device drivers that always know
where to find the interrupt source control register bits.

You can also use the individual interrupt requests with a system interrupt controller that provides
masking for the outputs of each peripheral. In this way, a global interrupt service routine can read the
entire set of sources from one wide register in the system interrupt controller. This is useful when the
time to read from the peripheral registers is significant compared to the CPU clock speed in a real-time
system.

The peripheral supports both of these methods.

11235 )1 OAOOODPO AT 160111 A0 ATTTAAOEOGEOU

You can connect the interrupt request signals of the DMAC to an interrupt controller in one of two ways.

wFor higher performance systems, you must connect the DMACINTERR and DMACINTTC interrupt
request signals to the interrupt controller. Figure below shows connections to higher performance
systems.

|-DMACINTERR> Interrupt
| _DMACINTTC—» controller

nIRQ——» ARM

DMAC nFIQ——»| processor
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For lower performance systems, where the interrupt controller has fewer interrupt request input lines,
you can use the DMACINTR interrupt request signal. Figure below shows connections to lower
performance systems.

11.236 $

DMAC —DMACINTR—»|

Interrupt
controller

niRQ—»
nFIQ—

-1 OANOGAOGO AT A OAODI T OA

ARM
processor

ATTTAAOEOEOU

Figure below shows how you can connect the DMA request and response signals to a peripheral.
However, some peripherals do not use all of these signals. You can leave output signals that are not
required unconnected and you can tie input signals that are not required LOW. See Appendix B DMA

Interface for more information on the DMA request and response interface.

Figure below shows an example of a peripheral that uses all of the DMA request and grant signals

Peripheral

DMAC
—DMACXSREQ——»
H—DMACXxBREQ——»|
—DMACxLBREQ-—»{ response
[¢«——DMACXCLR:
l«——DMACXTC

Figure below shows a simple example of connectivity.

Peripheral

—DMACxBREQ—
[+—DMACxCLR:

DMAC

-

Unconnected «+——DMACXTC

1124{ 2F 06 NB O2yaARSN}GAZ2Y A

LOW

_ —_ DMACXSREQ-
Tiedto ) pmacxLSREQ

—DMACxLBREQ-

DMA request
and response
interface

You must take into account the following software considerations when programming the DMAC:

wThere must not be any write-operation to Channel registers in an active channel after the channel
enable is made HIGH. If you must reprogram any DMAC channel parameters, you must reprogram
after disabling the DMAC channel.
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wlf the source width is less than the destination width, the TransferSize value multiplied by the source
width must be an integral multiple of the destination width.

wWhen the source peripheral is the flow controller and the source width is less than the destination
width, the number of transfers that the source peripheral performs, before asserting an DMACLSREQ
or DMACLBREQ, must be so that the number of transfers multiplied by the source width is an integral
multiple of the destination width. If this case is violated, the data can get stuck and lost in the FIFO
causing UNPREDICTABLE results. You can abort the transfer by disabling the relevant DMAC
channel.

wYou must not program the SrcPeripheral and DestPeripheral bit fields in the DMACCxConfig Register
with any value greater than 15.

wThe SWidth and DWidth bit fields in the DMACCxControl Register must not indicate more than a
32-bit wide peripheral.

wAfter the software disables a channel by clearing the ChannelEnable bit in the DMACCxConfig
Register, see Channel Configuration Registers on page 3-27, it must re-enable the bit only after it has
polled a 0 in the corresponding DMACENbIdChns Register bit, see Enabled Channel Register. This is
because the actual disabling does not immediately happen with the clearing of ChannelEnable bit. You
must accommodate the latency of the ongoing AHB burst.

wThe LLI field in the DMACCXLLIReg Register must not indicate an address greater than OXFFFFFFFO,
otherwise the four-word LLI burst wraps over at 000000000 and the LLI data structure is not in
contiguous memory locations. See Channel Linked List Item Registers.

wWhen the transfer size programmed in the DMAC is greater than the depth of the FIFO in a source or
destination peripheral, you must only program the DMAC for non-incrementing address generation.

wA peripheral is expected to deassert any DMACSREQ, DMACBREQ, DMACLSREQ), or
DMACLBREQ signals on receiving the DMACCLR signal irrespective of the request the DMACCLR
was asserted in response to. This is because DMACCLR is not specific to a single-request signal,
DMACSREQ, or burst-request signal, DMACSBEQ. The handshaking of DMACCLR is achieved with a
logical OR of all the DMA requests in the DMAC.

wlf you program the TransferSize field in the DMACCxControl Register, see Channel Control Registers,
as zero, and the DMAC is the flow controller, the TransferSize field has no meaning in other
flow-control modes, then the channel does not initiate any transfers. It is your responsibility to disable
the channel by writing into the channel enable bit of the DMACCxConfig Register and reprogramming
the channel again.

wYou must not run the normal read-write tests on the DMACCxControl Register, see Channel Control
Registers, because the TransferSize field is not a typical write and read-back register field. While
writing, the TransferSize bit-field is like a control register because it determines how many transfers the
DMAC performs. However, during read-back, TransferSize behaves like a status register because it
returns the number of remaining transfers in terms of source width. So when TransferSize is read back,
it returns the number of destination-transfer-completed stored in a separate counter called TrfSizeDst
multiplied by a factor. The same physical register is not being written into and read from, and normal
write and read-back tests are not applicable.

wln the destination flow control mode, with peripheral-to-peripheral transfer, if sufficient data is present
in the channel FIFO to service a DMACLSREQ or DMACLBREQ request raised by a destination
peripheral without requiring data to be fetched from the source peripheral, then the source peripheral is
issued a DMACTC.

wFor destination flow controlled case, peripheral-to-peripheral transfer, with DWidth < SWidth, the
number of data bytes requested by the destination peripheral must be an integral multiple of Swidth
expressed in bytes. If you do not ensure this, then the DMAC might fetch more data from the source
peripheral than is required. This can result in data loss

wAt the end of accesses corresponding to low-priority channels, an IDLE cycle is inserted on the AHB
bus to enable other masters to access the bus. This ensures that a low-priority channel does not
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monopolize the bus. It does, however, mean that the bus might be occupied by transactions
corresponding to a low priority for up to 16 cycles in the worst case. This applies to all transfer
configurations, including memory-to-memory transfers.

pe
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The DMAC enables the following types of transactions:
wmemory-to-memory

wmemory-to-peripheral

wperipheral-to-memory

wperipheral-to-peripheral.

Each DMA stream is configured to provide unidirectional DMA transfers for a single source and
destination.

For example, a bidirectional serial port requires one stream for transmit and one for receive. The source
and destination areas can each be either a memory region or a peripheral, and you can access them
through the same AHB master, or one area by each master.

The base address of the DMAC is not fixed, and can be different for any particular system
implementation. However, the offset of any particular register from the base address is fixed.

1132 t NPIN} YYAYy3I (KS 5a!/
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Enable the DMAC by setting the DMA Enable, E, bit in the DMACConfiguration Register. See
Configuration Register

sz N z A~
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To disable the DMAC:

1. Read the DMACENbIdChns Register and ensure that you have disabled all the DMA channels. If any
channels are active, see Disabling a DMA channel.

2. Disable the DMAC by writing 0 to the DMA Enable bit in the DMACConfiguration Register. See
Configuration Register.

~
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Enable the DMA channel by setting the Channel Enable bit in the relevant DMA channel Configuration
Register. See Channel Configuration Registers.

Note:
MT homy
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You must fully initialize the channel before you enable it. Additionally, you must set the Enable bit of the
DMAC before you enable any channels.

11324 S$EOAAITETC A $-! AEATTAI

You can disable a DMA channel in the following ways:

wWrite directly to the Channel Enable bit

wUse the Active and Halt bits in conjunction with the Channel Enable bit.
wWait until the transfer completes. The channel is then automatically disabled.
Disabling a DMA channel and losing data in the FIFO

Clear the relevant Channel Enable bit in the relevant channel Configuration Register. See Channel
Configuration Registers. The current AHB transfer, if one is in progress, completes and the channel is
disabled.

Disabling a DMA channel without losing data in the FIFO
To disable a DMA channel without losing data in the FIFO:

1. Set the Halt bit in the relevant channel Configuration Register. See Channel Configuration Registers.
This causes any subsequent DMA requests to be ignored.

2. Poll the Active bit in the relevant channel Configuration Register until it reaches 0. This bit indicates
whether there is any data in the channel that has to be transferred.

3. Clear the Channel Enable bit in the relevant channel Configuration Register.

11.325 3AO00ET ¢ OP A TAx $-1! OOAT O&AO

To set up a new DMA transfer:
1. If the channel is not set aside for the DMA transaction:

a. Read the DMACEnNbIdChns Register and determine the channels that are inactive. See
Enabled Channel Register.

b. Choose an inactive channel that has the necessary priority.

2. Program the DMAC.

11.326 (Al OET ¢ A $-! AEATTAI

Set the Halt bit in the relevant DMA channel Configuration Register. The current source request is
serviced. Any subsequent source DMA requests are ignored until the Halt bit is cleared.

11327 O0OI COAITETC A $-! AEATTAI

To program a DMA channel:

1. Choose a free DMA channel with the necessary priority. DMA channel 0 has the highest priority and
DMA channel 7 has the lowest priority.
MT MO MY
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2. Clear any pending interrupts on the channel you want to use by writing to the DMACIntTCClear and
DMACIntErrClr Registers. See Interrupt Terminal Count Clear Register and Interrupt Error Clear
Register. The previous channel operation might have left interrupts active.

3. Write the source address into the DMACCxSrcAddr Register. See Channel Source Address
Registers.

4. Write the destination address into the DMACCxDestAddr Register. See Channel Destination
Address Registers.

5. Write the address of the next LLI into the DMACCXLLI Register. See Channel Linked List Item
Registers. If the transfer consists of a single packet of data, you must write 0 into this register.

6. Write the control information into the DMACCxControl Register. See Channel Control Registers.

7. Write the channel configuration information into the DMACCxConfiguration Register. See Channel
Configuration Registers. If the Enable bit is set, then the DMA channel is automatically enabled.

11.33 { dzYYII NBE 2F NBIA&dSNa

Ad T Re
Name dress o y set Description
(base+) P value
Ox Seelnterrupt Status
DMACIntStatus 0x000 RO .
00 Register
Ox Seelnterrupt Terminal
DMACIntTCStatus 0x004 RO P .
00 Count Status Register
Seelnterrupt Terminal
DMACIntTCClear 0x008 WO - .
Count Clear Register
Ox Seelnterrupt Error Status
DMACIntErrorStatus 0x00C RO .
00 Register
Seelnterrupt Error Clear
DMACIntErrClr 0x010 wO - .
Register

SeeRaw Interrupt

DMACRawIntTCStatus | 0x014 RO - . .
Terminal Count Status Regist

DMACRawIntErrorStat SeeRaw Error Interrupt
0x018 RO - .
us Status Register
SeeEnabled Ch I
DMACEnNbIdChns 0x01C RO Ox . eesnabie anne
00 Registe
SeeSoftware Burst
DMACSoftBReq 0x020 R/W Ox .
0000 Request Register
X SeeSoftware Single
DMACSoftSReq 0x024 R/W 0 W nd
0000 Request Register
X SeeSoftware Last Burst
DMACSoftLBReq 0x028 R/W 0 W N
0000 Request Register
DMACSOoftLSReq 0x02C R/IW Ox SeeSoftware Last Single
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0000 Request Register
Ob SeeConfiguration
DMACConfiguration 0x030 R/W .
gurat X 000 Register
Ox SeeSynchronization
DMACSync 0x34 R/W .
Y X 0000 Register
0x38i
R r
OXOEG. eserved
From 0x100, 8 channel
of each below
Ox SeeChannel Source
DMACCOSrcAddr 0x100 R/W 000000 .
Address Registers
00
Ox SeeChannel Destination
DMACCODestAddr 0x104 R/W 000000 .
Address Registers
00
Ox SeeChannel Linked List
DMACCOLLI 0x108 R/W 000000 .
Item Registers
00
Ox SeeChannel Control
DMACCOControl 0x10C R/W 000000 .
Registers
00
0x SeeChannel
DMACCOConfiguration | 0x110 R/W , . .
nhigurat X 00000 | Configuration Registers
0x
See Ch IS
DMACC1SrcAddr 0x120 | RW | 000000 ee Lhannel Souree
Address Registers
00
Ox See Channel Destination
DMACC1DestAddr 0x124 R/W 000000 .
Address Registers
00
Ox See Channel Linked List
DMACCILLI 0x128 R/W 000000 .
Item Registers
00
Ox See Channel Control
DMACC1Control 0x12C R/W 000000 .
Registers
00
0x See Channel
DMACC1Confi ti 0x130 R/W . . .
onfiguration ) B 00000 | Configuration Registers
0x
See Ch | Source
DMACC2SrcAddr 0x140 |RW | 000000 ee ~hanne
Address Registers
00
0x144 Ox See Channel Destination
DMACC2DestAddr R/W 000000 .
Address Registers
00
DMACC2LLI 0x148 R/W (0)'4 See Channel Linked List
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000000 | Item Registers
00
Ox See Channel Control
DMACC2Control 0x14C R/W 000000 .
Registers
00
Ox See Channel
DMACC2Configuration | 0x150 R/W
ourat X 00000 | Configuration Registers
Ox
h I
DMACC3SrcAddr | 0x160 | RMW | 000000 |  >¢€ Ghannel Source
Address Registers
00
Ox See Channel Destination
DMACC3DestAddr 0x164 R/W 000000 .
Address Registers
00
Ox See Channel Linked List
DMACC3LLI 0x168 R/W 000000 .
Item Registers
00
I See Channel Control
DMACC3Control 0x16C R/IW 000000 .
Registers
00
, . Ox See Channel
DMACC3Configuration | 0x170 R/W . . .
00000 | Configuration Registers
Ox
h I
DMACC4SrcAddr | 0x180 | RMW | 000000 |  >©€ Ghannel Source
Address Registers
00
Ox See Channel Destination
DMACC4DestAddr 0x184 R/W 000000 .
Address Registers
00
Ox See Channel Linked List
DMACCALLI 0x188 R/W 000000 .
Item Registers
00
Ox See Channel Control
DMACC4Control 0x18C R/W 000000 | Registers
00
DMACC4Configuration | 0x190 R/W Ox see C.hannel .
00000 | Configuration Registers
Ox
DMACCSSrcAddr | 0x1A0 | RW | 000000 | S8€ Channel Source
Address Registers
00
Ox See Channel Destination
DMACCS5DestAddr Ox1A4 R/W 000000 .
Address Registers
00
Ox See Channel Linked List
DMACCSLLI 0Ox1A8 R/W 000000 .
00 Iltem Registers
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Ox See Channel Control
DMACC5Control 0x1AC R/W 000000 .
Registers
00
Ox See Channel
DMACC5Configuration | 0x1BO R/W Configuration Registers on
00000
page 327
Ox See Channel Source
DMACC6SrcAddr 0x1COo R/W 000000 .
Address Registers
00
Ox See Channel Destination
DMACC6DestAddr 0x1C4 R/W 000000 .
Address Registers
00
Ox See Channel Linked List
DMACCG6LLI 0x1C8 R/W 000000 .
Item Registers
00
Ox See Channel Control
DMACCS6Control 0x1CC R/IW 000000 :
Registers
00
, . Ox See Channel
DMACC6Configuration | 0x1D0 R/W ) . .
00000 | Configuration Registers
Ox
See Channel Source
DMACC7SrcAddr | OXIEO | RAW | 000000 . “
Address Registers
00
Ox See Channel Destination
DMACCT7DestAddr Ox1E4 R/W 000000 .
Address Registers
00
Ox See Channel Linked List
DMACCTLLI Ox1ES8 R/W 000000 .
Item Registers
00
Ox See Channel Control
DMACC7Control Ox1EC R/W 000000 .
Registers
00
h I fi i
DMACCT7Configuration | OX1FO0 R/W Ox .ee Channel Configuratior
00000 | Registers
: Ox See DMACPeriphlDO
DMACPeriphlDO OxFEO RO .
80 Register
: Ox See DMACPeriphlD1
DMACPeriphiD1 OxXFE4 RO .
10 Register
: Ox See DMACPeriphlD2
DMACPeriphlD2 OxFES8 RO .
04 Register
. Ox See DMACPeriphiD3
DMACPeriphiD3 OXFEC RO .
O0A Register
Ox See DMACPCellIDO
DMACPCellIDO OxFFO RO .
0D Register
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Ox See DMACPCellID1
DMACPCellID1 OxFF4 RO .
FO Register
DMACPCelllD2 OXFF8 | RO Ox See DMACPCelllD2
05 Register
DMACPCelllD3 OXFFC | RO Ox See DMACPCellD3
Bl Register
DMACITCR 0x500 R/W 0 Ox See Test Control Registe
DMACITOPL 0x504 RIW Ox See Intggratlon Test
0000 Output Register 1
DMACITOP2 0x508 RIW Ox See Intggratlon Test
0000 Output Register 2
Ox See Integration Test
DMACITOPS3 0x50C R/W .
0 Output Register 3
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The read-only DMACIntStatus Register, with address offset of 0x000, shows the status of the interrupts
after masking. A HIGH bit indicates that a specific DMA channel interrupt request is active. You can
generate the request from either the error or terminal count interrupt requests. Figure below shows the
register bit assignments.

31 8.7 0

Undefined IntStatus

Bits Name Function

[31:8] - Read undefined

[7:0] IntStatus  Status of the DMA interrupts after masking

z A~ PR . A A £ A 9~ oz
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The read-only DMACIntTCStatus Register, with address offset of 0x004, indicates the status of the
terminal count after masking. You must use this register in conjunction with the DMACIntStatus
Register if you use the combined interrupt request, DMACINTR, to request interrupts. If you use the
DMACINTTC interrupt request, then you only have to read the DMACIntTCStatus Register to ascertain
the source of the interrupt request. Figure below shows the register bit assignments.
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31 i 8.7 0
Undefined IntTCStatus
Bits Name Function
[31:8] - Read undefined
[7:0] IntTCStatus  Interrupt terminal count reguest status

11.343 1 OA0O0OOPO 4AO0I ET AT #1010 #1 AAO 2ACEOOAO

The write-only DMACIntTCClear Register, with address offset of 0x008, clears a terminal count
interrupt request. When writing to this register, each data bit that is set HIGH causes the corresponding
bit in the Status Register to be cleared. Data bits that are LOW have no effect on the corresponding bit
in the register. Figure below shows the register bit assignments.

31 8 7 0
Undefined IntTCClear
Bits Name Function
[31:8] - Undefined. Wrile as zero.
[7:0] IntTCClear  Terminal count request clear.

11.344 )1 OAOOODPO %OOT O 30A000 2ACEOOAO

The read-only DMACIntErrorStatus Register, with address offset of 0x00C, indicates the status of the
error request after masking. You must use this register in conjunction with the DMACIntStatus Register
if you use the combined interrupt request, DMACINTR, to request interrupts. If you use the
DMACINTERR interrupt request, then only read the DMACIntErrorStatus Register. Figure below shows
the register bit assignments.

31 8 7 0
Undefined IntErrorStatus
Bits Name Function
[31:8] - Read undefined
[7:0] IntErrorStatus  Interrupt error status
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The write-only DMACIntErrClr Register, with address offset of 0x010, clears the error interrupt requests.
When writing to this register, each data bit that is HIGH causes the corresponding bit in the Status
Register to be cleared. Data bits that are LOW have no effect on the corresponding bit in the register.

31 8 7 0
Undefined IntErrClr
Bits Name Function
[31:8] - Undefined. Write as zero.

[7:0] IntErrClr  Interrupt error clear.

Figure below shows the register bit assignments.

11346 2Ax )1 OA0OOODO 4A0I ET Al #1 01060 30A000
The read-only DMACRawIntTCStatus Register, with address offset of 0x014, indicates the DMA
channels that are requesting a transfer complete, terminal count interrupt, prior to masking. A HIGH bit

indicates that the terminal count interrupt request is active prior to masking. Figure below shows the
register bit assignments.

31 8 7 0
Undefined RawlntTCStatus
Bits Name Function
[31:8] - Read undefined
[7:0] RawIntTCStatus  Status of the terminal count interrupt prior to masking

- z
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The read-only DMACRawIntErrorStatus Register, with address offset of 0x018, indicates the DMA
channels that are requesting an error interrupt prior to masking. A HIGH bit indicates that the error
interrupt request is active prior to masking. Figure below shows the register bit assignments.

MT YoMy

31 8 7 0

Undefined RawlntErrorStatus
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