Faculty of Electrical Engineering
Microprocessor Laboratory

U'{.L:/':‘U("o {j/.;,

Microprocessor LAB

Lecture 9:

Timer/Counter in STM32 — Part 2
By: M.Razeghizadeh

In The Name of God

V1 (@2025)




Slide 2

l>,J,ii59,S0 )5 Delay 1 eslasinl (JSiro

Gilize glocdls ) 1) T ¢lgise g 35)15 (6305 (53,5 yayli b 4isS Jgl Cuawd jd a5 Hoblad
Input locdl> 3590 )5 HAL glgi b ;a6 aslg L )15 hjgel Ju8 Cuawd ) .3, odlatiwl g pabais
JSd Adgi 6gms g PWM L )15 wildjs cuamd ¢l ) .3 cuswo (yaull )5 Time Base g capture
b 3lg> uwyp o dhuwgay alio (G ge

Pulse-Width) (Wb sl pgawVede L PWM oyl sslaiwly Hluww ) glocdls I O
.cwl (Modulation

905 @udlgs edlaiwl jlg (Sl JyiiS 53 o jl 9 03,5 (58)20 |y (hgauVgao ¢yl 13D] daldl )3

A 3olg> dizlayg yilid 9 JUSaw 3ulgT 4yl paolie (5820 @ yiaibydy edlaiwl (gly puw

2 oloicdy PWM jl 03listul 092 (rsizat 9 PWM aluwgay Gilizeo (slogse JSib 35 (SisKer Gunses

3)S palg> uyp |y (DAC) SIUT @y Jlizzmas Jaso




Slide

CNT, ARR, PSC

> PreScaler

TlMx_CRT value

TIMx_ARR




TIMx_CNT value

TIMx_ARR
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Counting Direction

TIMx_CNT value

TIMx_ARR

(a) Up Counting (CMS =0, DIR =0)

TIMx_CNT value

TIMx_ARR

(b) Down Counting (CMS =0, DIR=1)

(c) Up-down Counting (CMS > 00)

Counting

Counting up
Counting down
Count up and down
Count up and down
Count up and down

Counting event (interrupt flag set
When the counter reaches ARR

When the counter reaches 0

When the counter reaches 0 and ARR
When the counter reaches 0 and ARR
When the counter reaches 0 and ARR




Slide

Counting Direction

TIMx_CRT value

TIMx_ARR

Output Pin vlnterrupt: Vinterrupt: WV Interrupt:
A | Toggle | Toggle | Toggle

High

Low

Output Pin
A

High

Y
T = 1/f, Duty Cycle = 50%
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HldVL 3o )3 PWM
TPMx_CNT value
A

TIMx_ARR 1

TIMx_CCRnJ

————— — — — —

(a) OCnM = 110 (PWM1 nliode)

- ~" ~ (b) OCnM = 111 (PWM2 mode)
T = 1/f, Duty Cycle = variable
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TPMx_CNT value TPMx_CNT value
TIMx_ARR

TIMx_CCRn

Output pin

1

diol> buwgio (s2y0 290 (439 Off g (y39 ON (yloj L Duty Cycle J,isS Gyb jl vleiise PWM dlawgas >
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Duty Cycle: 0%
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ARR =8, CCRn=5, OCnM = 110 (PWM1)

:[mo
Counter overflow Channel match Counter overflow Channel match

CNT value 0 + 5 8 0 A 5

Output

TIMx_CCRn

X
TIMx_ARR+1 100

m duty cycle =

Ftimer clock
prescaler Ftimer clock

m F = =
generated wave ARR+1 (ARR+1)X(PSC+1)
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HlwVb 3o 5> PWM

ST anly | PWM JUSae <5, (DC, duty cycle) gully péye o (F) pwilsys >
TJIMx_ARR =999 »

TIMx_CCRn =250 »

0OCnM =110 (PWM1) »

Prescaler=0 »

MHz 72 yplp TIMX jooB SYS (uilsys >

b

Frequency = (9?;914\,41) — 79KHz.

TIMx_CCR _ 2_50 _ o
rivxarr 1) < 100°= (o) * 100 25%.

Duty Cycle = |




TIMx_CNT value

TIMx_ARR

TIMx_CCRnA

Slide 10

CCnlF =1

utput pin

(a) ﬂﬂnI‘M = 110 (PWM1 mode)

Putput pin | I
I I

{b) OCnM = 111 {PWM2 mode)

A\ J
Y

T = 1/f, Duty Cycle = variable




‘TPMI_EHT value
TiMx ARR 4

TIMx_CCRn |
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If)utprut pin

:fa} ocnM = HGI{FWH‘I' mode) |
| | |
|
|

e L

(b) OCnM = 111 (PWM2 mode)
- J/

T = 1/f, Duty Cycle = variable

11
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CNT value

TIMx_CCRnx2 TIMx_CCRn
- X 100 = -

X
TIMx_ARRX2 TIMx_ARR 100

® dutycycle =

Ftimer clock / F
prescaler __ timer clock

generated wave 2XARR ~ 2XARRX(1+PSC)

<

s F

93,135 1 ogV2y Ju6 Jio ARR |y>
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Center-aligned ¢ Edge-aligned (slo o dwslio

TIMx_CNT value

TIMx_ARR

TIMx_CCRn
0

I
[
|

Output [}n_~
|

TIMx_CHNT value

{a) Edge-aligned Mode

TIMx_ARR

TIMx_CCRn | — _

(b) Center-aligned Mode
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Pulse-width modulation
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Vour = Vy X Dutycycle
Adbb o edg Y/Y jlade ¢l Lo JUn ) .l PWM Gl 55 High (ihie pdaw jlilg b plp Vy ol )5 a5 >

Low Pass RC Filter

PWM Signal Analog V

Pulse Width Modulation
Pulse Train
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Pulse-width modulation

Vi avergge

WV average

t

V average

“ pulse width —»

— period —»
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Pulse-width modulation
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Pulse-width modulation
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Timer Channels + Output Compare

[TiMx_CCER |

Prescaler
~(pscai] —DTIMx_CNT

+1E TIMx_CCMR1| |TIMx_CCMR2

[ TIMx_CCR1 [TIMx_CCR2 [ TIMx_CCR3 [TIMx_CcR4

Output | | Input Qutput | | Input Output| | Input Qutput| | Input
Circuit | | Circuit Circuit | | Circuit Circuit | | Circuit Circuit | | Circuit

Channel 1 [c Channel 2 ;i Channel 3 [ Channel 4 ;i

& S - %

TIM_CH1 TIM_CH2 TIM_CH3 TIM_CH4




TiMx_CCMR

[TIMx_CCRn |
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Timer Channels + Output Compare

[ TPNx_CNT |

v

v

Qutput

Circuit | Comparator

Y

[BCnH

Wave Generator

TIMx_CCER

cenpl—\ 1/

TIMx_CCER

|GGnE
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Timer Channels + Output Compare

= OCnM: Output Compare n Mode

OoCnM Mode
000 Frozen Compare match has no effect on the GPIO pin

001 Active on match The output activates when CNT is equal to CCRn.
010 Inactive on match ~ The output becomes inactive when CNT=CCRn.
011 Toggle on match The output toggles when CNT is equal to CCRn.
100 Force inactive It forces the GPIO pin to inactive level.

101 Force active It forces the GPIO pin to active level.

110 PWM 1 The output is active when CNT is less than CCRn.
111 PWM 2 (inverted) The output is inactive when CNT is less than CCRn.
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CREADITS: This presentation was created by M.Razeghizadeh
Please keep this slide for attribution
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