Timer/Counter

MIAT STM32 Development Kit

ZHAHT P

SR g
support.wuyang@gmail.com /m WU-YANG

. " Technology Co., Ltd.
J .



Declared Version

Training Only
Declare

Document Number
Document Version
Release Date

Document Title

Exercise Time

Platform

Peripheral

Author
Key Word

1.00
2009.06.20
Timer / Counter

B Lecture 90 minutes
B Operating 90 minutes

B MIAT STM32F10x EVB
® MIAT IOB

W Text LCD
mLED

E\Wu-Yang
STM32F10x, Timer, Counter




e / / \"\
B P

g 5 w %Y Timer / Counter®E_p g % % et iy » A%
#-4 B f2ARM Cortex-M3 Timer / Counter - 7 i 3§
%Bj‘iﬁ#__ lé * "\A o

7 e B

O #HHld4Rtimera 2 4% % & aps 350

O #F#llptimersn4iFchannel 2 2 4% 7 e 250
O %3+ - B %Ak




B g 78

OlIntroduction ARM Cortex-M3 Timer
ODevelopment Flow
OARM Configure




Basic timer Feature Overview
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TIM 6, 470on Low Speed APB(APB1)
Internal clock up to 72Mhz
16-bit auto-reload upcounter

16-bit programmable prescaler used to divide the counter clock

Synchronization circuit to trigger the DAC

Interrupt/DMA generation on the update event: counter overflow

Internal clock (CK_INT) Trigger
TIMxCLK from RCC ®  controller
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General Purpose timer Feature Overview
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TIM2, 3, 4 on Low Speed APB(APB1)
Internal clock up to 72Mhz
16bit Counter
v Up, Down, centered counting mode
4 Auto Reload ETRICL
4 x 16 High resolution Capture Channels
Programmable direction of the channel inpu
Output Compare
PWM
Input Capture, PWM Input Capture
One Pulse Mode
ynchronization
Timer Master/Slave
Triggered or gated mode
ncoder Interface
Independent IRQ/DMA Request generation
At each Update Event
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Advanced control timer Feature Overview

0 TIM1, 8 on High Speed APB(APB2)
[0 Complementary Outputs with programmable dead-time

[0 Break input to put the timer’s output signals in reset state or in
a known state.




TIMx_ETR [
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Clock failure event from dock controller
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Time-base unit

O0O00

Counter register (TIMx_CNT)

Prescaler register (TIMx_PSC)
Auto-reload register (TIMx_ARR)
Repetition counter register (TIMx_RCR)




Prescaler register

Counter timing diagram with prescaler division change from 1 to 2

CK_PSC ﬂ_UUUUUUUUU’—H—H—[UU

CEM

Timer clock = CK_CNT | | —| |_I |_I |_|
Counter register F7 FB 00 ( 01 lX oz ): 03 j(:

Update event (UEWV) |_|

Prescaler control register 0 1

Write a new value in TIMx_PSC

Prescaler buffer ] \( 1

Prescaler counter o n 1 nﬂn
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Counter modes

Center-aligned mode Edge-aligned mode

Upcounting Downcounting

Counter
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TIMx_RCR=3 UEVA A
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Auto-reload register buffer
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CNT_EN CNT_EMN
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Counter register

Counter register

Counter overflow I_l Counter overflow
Update event (UEV) |_l Update event (UEV) I_[
Update interrupt flag (UIF) | Update interrupt flag (UIF) |
. |
Auto-reload register FF 36 Auto-relozd preload register Fs ‘l: 36
Write a new value in TIMx_ARR f
Auto-reload shadow register F5 / t{ 36

/

Write a new value in TIMx_ARR
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Clock selection

O Clock can be selected out of 8 sources
v Internal clock TIMXCLK Provided bt the RCC
v External pin ETR
) Enable/Disable bit
Programmable polarity
4 Bits External Trigger filiter

External Trigger Presaler
> Presaler off
> Division by 2
> Division by 4
> Division by 8
v Internal Trigger input 1 to 4:
o ITR1, 2, 3, 4
o Using one timer as prescaler for an .
v External Capture Compare pins ITR3

{ TI1F ED iTR4

° TI1FPL,

TixCLK

ETR

ITR1

Ko Iminle)
1rrc<

THFP1 —

TiZFP2  —|
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Internal clock source
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Counter clock = CK_CNT = CK_PSC | | |

Counter register
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External clock source mode 1
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TIF

Write TIF=0
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External clock source mode 2
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Capture/compare channels

Capture/compare channel (example: channel 1 input stage)
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Capture/compare channels(Cont.)

[0 Capture/compare channel 1 main circuit

| APB Bus |

!

MCU-peripheral interface |

s} = )

g = E 5] write CCR1H
read CCHR1H 5 = = write_in_progress —
— resd_im_progress e COR1L

- - write
read CCRIL Capture/compare prel_l:ua::l reqgister | Bl
— |f CC1S[1]

capture_transfer compare_transfer

CC15[0]
CC15[1] input i S
mode - OC1PE

' ' 6—- OC 1P

CC1S[0] ! b | Capture/compare shadow register | 4@ -

t | fmft:‘;_le TIM1_CCMR1
comparator |
IC1PS ﬂf;% basze unit)
CC1E CNT>CCR1

ey

':':'L‘l”ter | > | cNT=CcCR1
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TIM1_EGR L
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Capture/compare channels(Cont.)

[0 Output stage of capture/compare channel 1—-3

ETH

CHT=CCR1

Cutput mode | OC1HER

CNT=CCR1 | controller

| ocicgocimiziol
TIM1_CCMR1

Cutput
enable
circuit

OC1_DT

CC1P

TIM1_CCER

[ead-time

t
generator OCIN_DT

|

Qutput

enable
circuit

oc1

OC1N

]

CC 1NE|[CC1H TIM1_CCER

|DTGF:D] |ccinglcc1g  [ceine| [moEloss|ossATiMi_BDTR

TIM1_BOTH TIM1_CCER  TIM1_CCER
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Capture/compare channels(Cont.)

[0 Output stage of capture/compare channel 4

ETR —4p 10 the master mode
controller Qutput OCc4
enable [—H
4 >¢ circuit
[ ]
CC4P
CNT = CCR4 L
— |Cutput mode| OC4 REF TIM1_CCER

CNT = CCR4| controller

CC4E| TIM1_CCER

QC2M[2:0] MOEOSSI TIM1_BDTR
TIM1_CCMR2

Ol54 | TIM1_CR2
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Input capture mode

~ InputFilter&
~ Edge detector

Input Filter &

'Edge detector

Input Filter &

Edge detector

IC1

Prescaler

Prescaler

Prescaler

—

16 b CapturiCompare 3 Registr

Prescaler

—

16 bit Capture/Compare 4 Register
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PWM input mode

T I

TIMx_CNT 0004 000 X ooot X ooo2  f\ ooos f ooos X oooo )
TIMx_CCR1 \ 0004 \
TIMx_CCR2 | 0002 \ !
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IC1 capture IC2 capture IC1 eapture
IC2 capture pulse width period
P measurement measurement

raaat fanintar

22



Output compare mode

Write B201h in the CC1R register

TIMI_CNT 0039 /| 003A ) 0038

B200 ) B201 )

TIM1_CCR1 003A \X

B201

oclref=0CAH

A A

Match detected on CCR1
Interrupt generated if enabled

I
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PWM mode

0 PWM edge-aligned mode

L:nurrterregisterja:il1}{213E4ﬂ5}[5}{?ﬂ539”ﬂ1i
CCRx=d o TED |

GCxIF |

QCXREF |
CCHx=8

CCxIF |

OCXREF 1
CCRx=8
cexF _|

OCXREF 'O

CCxIF J

CCRx=0

Edge-aligned PWM waveforms (ARR=8)
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PWM mode(cont.)

[0 PWM center-aligned mode

Counterregisterjﬂ‘i sfeY70eY 7 eYsafa)a]): u‘l
OCxREF
CCRx =4
CCxlF CM8=01
CMS=10
CMS=11 f
OCxREF
CCRx=7
CMS=100or 11
CCxIF
OCxREF -
CCRx=8
coxF | CMs=01 f
CMS=10
CMS=11 A
OCxREF
CCRx=8
CCxIF CMS=01 A
CMS=10 A
CMS=11 A
OCXREF 2
CCRx=0
CCxlF CMS=01
f CMS=10 A
A CMs=11 i

Center-aligned PWM waveforms (ARR=8)
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Complementary outputs and dead-time
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Clearing the OCXREF signal on an (e
external event

(CCRx) / // /

counter (CNT) / / /
|

ETRF | |
OCxREF |
(OCxCE="0")
OCxREF |
(OCxCE="1") ] /l /
OCREF_CLR OCREF_CLR
becomes high still high
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One-pulse mode
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|
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Encoder interface mode

forward jitter backward jitter forward
R B S L1 ] | L1
TI2 | L [ L [ T[] | I B
Counter
up down up
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Timers and external trigger
synchronization

]
[0 Slave mode: Trigger mode

T T 1
GHNT_EN r—
Courterclock = CEK_CNT = CK_PEC —U_l_l_l_l_u_[
Counter register 34 EEI'E_'REJ:_
TIF

O Slave mode: Gated mode

entEn -~ | T
countsrciozk =ci_onT =ckpse | [ T[T U
Courter register (3031 (323 34 oz asar)as]

TIE |_| lj

_--""_'-‘-
Write TIF=0—"
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Timer synchronization

e

[0 The four Timers are link together for timers synchronization or
chaining

[0 Using one timer as prescaler for the another

TIM TIMz
TIM1CLK > TIM2CLK >
TRG2»{» TRG 1>+
TRG3»{» TRG3»»>
TRG4 > Trigger TRG1 TRG4~+ Trigger TRG2
N Gontrolier” [o—> Controller [
—
TIFP1 = THFP1 _, r %
TI2FP2- > TI2FP2 >
TIM3 TiM4
TIM3CLK TIM4CLK >
TRGH>> TRGH>
TRGZ»+ TRG2»—>
TRG4—> > Trigger  |rrool TRG3 TRG3+> Trigger ool TRGA4
Controller > Controller
F
TIHFPA1 i TIMFP1
TI2FP2— < TI2FP2
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Timer synchronization(cont.)

[0 Using one timer as prescaler for the another

TIMER 1 TIMER 2
Clock Mll"uﬂS TS Sh|.-15
UEV Master
b TRGO1 ITFHH Slave |CK_PSC
H | mode P mode —D-| H
Prescaler Counter contral ) control Prescaler Counter

Input
trigger
selection
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Timer synchronization(cont.)
]
[0 Using one timer to start another timer

okt [T DU U L L

TIMER1-UEV ]
TIMER{-CNT Y 0 Y e X Ff N 00 X o1 X o2 [
TIMER2-CNT % \ 46 K a7 )X 48

TIMERZ2-CEMN=CNT_EN |

TIMER 2-TIF |

Write TIF=0
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Timer synchronization(cont.)

[0 Starting 2 timers synchronously in response to an external
trigger

TIMER 1-TH | |

TIMER1-CEN=CNT_EN |

TIMER1-CNT 00 %01)02) 03} 04},05)}06)07 ko808
TIMER1-TIF |

TIMER2-CEN=CNT_EN |

TIMER 2-CK_PSC mﬂm
TIMER2-CNT 00 (01 02)(03)04),05 )} 06){07 08 )08

TIMER2-TIF |




Development Flow

Embedded Software Side int main(void)

Connect the EVB
and the IOB

Programming
Bootup

STM32F10x

RCC Configure

GPIO Configure

TIMsConfigure

NVIC Configure

{

#ifdef DEBUG
debug();
#tendif

/* System clocks configuration ----------------------- */

RCC_Configuration();

/* NVIC configuration
NVIC_Configuration();

/* Configure TIMs -----

TIM Configuration();

/* GPIO configuration
GPIO_Configuration();

while(1)
{
¥
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void RCC_Configuration(void)

Configure RCC |-

RCC FwLib Functions List

/* RCC system reset(for debug purpose) */
RCC_DeInit();

/* Enable HSE */

RCC_HSEConfig(RCC_HSE_ON);

/* Wait till HSE is ready */
HSEStartUpStatus = RCC_WaitForHSEStartUp();

Function name

Description

if(HSEStartUpStatus == SUCCESS) {

RCC_Delnit

Resets the RCC clock configuration to the default reset state.

/* Enable Prefetch Buffer */

RCC_HSECaonfig

Configures the External High Speed oscillatar (HSE).

FLASH_PrefetchBufferCmd(FLASH_PrefetchBuffer_Enable);
/* Flash 2 wait state */

RCC_WaitForHSEStartUp

Waits for HSE start-up.

FLASH_SetLatency(FLASH_Latency_2);

RCC_HCLKConfig

Configures the AHB clock (HCLK).

/* HCLK = SYSCLK */

RCC_PCLK1Config

Configures the Low Speed APE clock (PCLK1).

RCC_HCLKConfig(RCC_SYSCLK_Div1);

RCC_PCLK2Config

Configures the High Speed APB clock (PCLK2)

/* PCLK2 = HCLK */

RCC_PLLConfig

Configures the PLL clock source and multiplication factor,

RCC_PCLK2Config(RCC_HCLK_Div1);
/* PCLK1 = HCLK/2 */

RCC_PLLCmd

Enables or disables the PLL.

RCC_PCLK1Config(RCC_HCLK_Div2);

RCC_SYSCLKConfig

Configures the system clock (SYSCLK).

/* ADCCLK = PCLK2/4 */
RCC_ADCCLKConfig(RCC_PCLK2_Div4);

RCC_APBZPeriphClockCmd

Enables or disables the High Speed APB (APEZ) peripheral
clock.

/* PLLCLK = 8MHz * 7 = 56 MHz */
RCC_PLLConfig(RCC_PLLSource_HSE_Divl, RCC_PLLMul_7);
/* Enable PLL */

RCC_PLLCmd(ENABLE);

/* Wait till PLL is ready */
while(RCC_GetFlagStatus(RCC_FLAG_PLLRDY) == RESET) { }
/* Select PLL as system clock source */
RCC_SYSCLKConfig(RCC_SYSCLKSource_PLLCLK);

/* Wait till PLL is used as system clock source */
while(RCC_GetSYSCLKSource() != ox08) { }

}

/* Enable peripheral clocks -------------"-----------"-——- */
/* Enable GPIO_A clock */
RCC_APB2PeriphClockCmd(RCC_APB2Periph_GPIO_LED, ENABLE);

/* Enable TIM2, TIM3 and TIM4 and TIM5 clocks */

RCC_APB1PeriphClockCmd(RCC_APB1Periph_TIM2 | RCC_APB1Periph_TIM3 |
RCC_APB1Periph_TIM4 | RCC_APB1Periph_TIM5, ENABLE);
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Configure GPIO

{

Function name

Description

GPIO_Dalnit

Resets the GPIOx peripheral registers to their default reset values.

GPIO_AFIODelnit

Resets the Alternate Functions (remap, event control and EXTI
configuration) registers to their defaull resel values.

GPIO_Init

GPIO_Structinit

Initializes the GPIOx peripheral according to the specified parameters
in the GPIO_InitStruct.

Fills each GPIO_InitStruct member with its default value,

GPIO_ReadinputDataBit

Reads the specified input port pin

GPIO_ReadinputData
GPIO_ReadOutputDataBit

Reads the specified GPIO input data port
Reads the specified output data port bit

GPIO_ReadOuiputData

Reads the specified GPIO output data port

GPIO_SetBits Sets the selected data port bits
GPIO_ResetBits Clears the selected data port bits
GPIC_wWriteBit Sets or clears the selected data port bit
GPIO_Write ‘Writes data to the specified GPIO data port

GPIO_PinLockConfig

Locks GPIO Pins configuration registers

GPIO_EventOutputConfig

Selects the GPIO pin used as Event output,

GPIO_EventOutputCmd

Enables or disables the Event Output.

GPIO_PinRemapConfig

Changes the mapping of the specified pin.

GPIO_EXTILineConfig

Selects the GPIO pin used as EXTI Line.

void GPIO_Configuration(void)

GPIO_InitTypeDef GPIO_InitStructure;

/* Configure GPIO_A pin 5, 6, 7, 8, as output push-pull */

GPIO_InitStructure.GPIO_Pin = GPIO_Pin_6 | GPIO_Pin_7 | GPIO_Pin_8;

GPIO_InitStructure.GPIO_Mode = GPIO_Mode_ Out_PP;
GPIO_InitStructure.GPIO_Speed = GPIO_Speed_50MHz;

GPIO_Init(GPIO_A, &GPIO_InitStructure);}
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Configure TIMs

void TIM_ Configuration(void)

{
TIM_TimeBaseInitTypeDef TIM_TimeBaseStructure;
TIM_OCInitTypeDef TIM_OCInitStructure;

/* TIM2 configuration */

TIM_TimeBaseStructure.TIM_Period = Ox4AF;
TIM_TimeBaseStructure.TIM_Prescaler = OXEASF;
TIM_TimeBaseStructure.TIM_ClockDivision = 0x0;
TIM_TimeBaseStructure.TIM_CounterMode = TIM_CounterMode_Up;
TIM_TimeBaseStructure.TIM_RepetitionCounter = 0x0000;
TIM_TimeBaseInit(TIM2, &TIM_TimeBaseStructure);

TIM_OCStructInit(&TIM_OCInitStructure);

/* Output Compare Timing Mode configuration: Channell */
TIM_OCInitStructure.TIM_OCMode = TIM_OCMode_Timing;
TIM_OCInitStructure.TIM_Pulse = 0x0;

TIM_OC1Init(TIM2, &TIM_OCInitStructure);

/* TIM3 configuration */
TIM_TimeBaseStructure.TIM_Period = Ox95F;

TIM_TimeBaseInit(TIM3, &TIM_TimeBaseStructure);
/* Output Compare Timing Mode configuration: Channell */
TIM_OC1Init(TIM3, &TIM_OCInitStructure);

/* TIM2 enable counter */
TIM_Cmd(TIM2, ENABLE);

/* Immediate load of TIM2 Precaler value */
TIM_PrescalerConfig(TIM2, OxEAS5F, TIM_PSCReloadMode_Immediate);

/* Clear TIM2 update pending flag */
TIM_ClearFlag(TIM2, TIM_FLAG_Update);

/* Enable TIM2 Update interrupt */
TIM_ITConfig(TIM2, TIM IT_Update, ENABLE);
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Configure NVIC

/* Configure one bit for preemption priority */
NVIC PriorityGroupConfig(NVIC PriorityGroup_2);

/* Enable the TIM2 Interrupt */
NVIC_InitStructure.NVIC_IRQChannel = TIM2_IRQChannel;
NVIC_InitStructure.NVIC_IRQChannelPreemptionPriority = 0;
NVIC_InitStructure.NVIC_IRQChannelSubPriority = ©;
NVIC_InitStructure.NVIC_IRQChannelCmd = ENABLE;

NVIC Init(&NVIC_InitStructure);

/* Enable the TIM3 Interrupt */
NVIC_InitStructure.NVIC_IRQChannel = TIM3_IRQChannel;
NVIC_InitStructure.NVIC_IRQChannelPreemptionPriority = 1;
NVIC Init(&NVIC_InitStructure);

/* Enable the TIM4 Interrupt */
NVIC_InitStructure.NVIC_IRQChannel = TIM4_IRQChannel;
NVIC_InitStructure.NVIC_IRQChannelPreemptionPriority = 2;
NVIC Init(&NVIC_InitStructure);

/* Enable the TIMS5 Interrupt */
NVIC_InitStructure.NVIC_IRQChannel = TIM5_IRQChannel;
NVIC_InitStructure.NVIC_IRQChannelPreemptionPriority = 3;
NVIC Init(&NVIC_InitStructure);
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IRQ Service

void TIM2_IRQHandler(void)

{
/* Clear TIM2 update interrupt */

TIM_ClearITPendingBit(TIM2, TIM_IT_Update);

/* Toggle GPIO_LED pin 5 */
GPIO_WriteBit(GPIO_A, GPIO_Pin_5, (BitAction)(1 - GPIO_ReadOutputDataBit(GPIO_A, GPIO_Pin_5)));
}
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<..\Timer_Counter\E1l>

<project> Hi 7 fEProject| I

<source> FESUIE F IR

<include> J 7 R E T

<library> iR

<image> Cra L
<..\\T'i'mer_Counter\El\image>

Lab.dfu SRR 1 A
<..\Tirﬁer_Counter\El\source>

hw_config.c TR P el e AR

lcd_func.c Text LCD # #]# =

stm32f10x_it.c ol
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SRR TR

O == xstA k%2 1107 > & MIAT STM32 user manual (ch3,

ch4)z & ivdp 1 , ¥ dhexfyiE i 5 dfu
O :#:B5USB “‘&é-dfuty
O Efﬁ 43 LED%_% Delay 1s, 2s, 3s, 4s{s %
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O
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O

BEINP RAeBiR S 0 Ff 0 RAES A
#fr Nz 2 P41 Timers4 B channelif = P EL14p r 3 %
3 :cIRQ > #-pF 5 % 27 > Text LCD » 2 & fj 5 #4k o
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[1] MIAT _STM32_ user _manual V1.00.pdf
[2] STM32F10xxx reference manual.pdf
[3] STM32F103XX firmware library.pdf
[4] Code-O-Rama Design Contest Training
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