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H Review
Summary of Equations

» Timer clock frequency fcx oy vs. CPU Clock Frequency fsource

()

f _ fSOURCE
CKCNT ™ psc + 1

» Timer frequency f ;... with up-counting or down-counting mode:
_ fekent ARR +1

frimer = —————; Timer Period = ——— = (ARR + 1) * Clock Period
! ARR + 1 fCK_CNT .
» Timer frequency f ... with center-aligned counting mode:
fCK_CNT

[ rimer = PUTTL Timer Period = (2 * ARR) = Clock Period

» PWM duty cycle for Mode | (Low-True):

CCR
Duty Cycle = ARR £ 1
» PWM duty cycle for Mode 2 (High-True):
CCR
Duty Cycle =1 — ARR £ 1



Calculating ARR

» Suppose Timer Clock Frequency = 80MHz
» Goal:Timer Frequency = 100Hz

» What should the ARR value be for |.up-counting mode; 2. down-
counting mode; 3. center-aligned counting mode!?



Calculating ARR ANS

» Suppose Timer Clock Frequency = 80MHz
» Goal: Timer Frequency = 100Hz

» What should the ARR value be for |.up-counting mode; 2. down-
counting mode; 3. center-aligned counting mode!?

For up-counting or down-counting mode: For center-aligned counting mode:

. fCK_CNT . 80MHz _ fCK_CNT _ SBOMHz

= = = 100H = = = 100H
lemer ARR + 1 ARR + 1 z fTLmer 2% ARR 2* ARR ‘

ARR = 799999 ARR = 400000

But a |16-bit ARR register has value range of [0, 65535], so ARR value of 799999 or
400000 is out of range = cannot generate a |0ms timer from a 80MHz Timer

Clock!
Solution: use prescaler (PSC) to reduce Timer Clock Frequency



Calculating ARR with prescaler

» Suppose CPU Clock Frequency = 80MHz, PSC=79
» Goal:Timer Frequency = 100Hz

» What should the ARR value be for |.up-counting mode; 2. down-
counting mode; 3. center-aligned counting mode!?



Calculating ARR with prescaler ANS

» Suppose CPU Clock Frequency = 80MHz, prescaler PSC=79

» Goal:Timer Frequency = 100Hz
»  What should the ARR value be for |. up-counting mode; 2. down-counting mode; 3.
center-aligned counting mode!

fck 80MHz
Timer Clock F =5t = = IMH
imer Clock Freq fck cnr PSC + 1 30 Z

For up-counting or down-counting mode: For center-aligned counting mode:

fex cnt 1MHz fekent _ 1MHz
o JCKCNT = 100H mer = o = = 100H
f rimer ARR+1 ARR+1 g rimer 2*ARR 2% ARR ‘

ARR = 9999 ARR = 5000

With prescaler, the ARR value of 9999 or 5000 is now within the range of |6-bit ARR
register.



Calculating the ARR

» Suppose a |6-bit timer has the following settings
CPU clock frequency is 4 MHz.
Prescaler PSC = 39
Counting direction: center-aligned counting

Desired timer frequency = 100 Hz

» Calculate the ARR.



Calculating the ARR ANS

» Suppose a |6-bit timer has the following settings

CPU clock frequency is 4 MHz.
Prescaler PSC = 39
Counting direction: center-aligned counting

Desired timer frequency = 100 Hz

» Calculate the ARR.
= Lexpse - 2002 g | M,

Timer Clock Freq fcx cnt = PSCH1 40

_ fCK_CNT _ 0.1 MHz

Timer Freq frimer = > * ARR — 2+ ARR 100Hz

ARR = 500



Clock Frequency and Timer Frequency

» Suppose all registers are |6 bits. CPU clock frequency
is 400 MHz.

» What is the maximum and minimum Clock
Frequency, and Timer Frequency, assuming up-
counting mode?



Clock Frequency and Timer Frequency ANS

» Suppose all registers are 16 bits. CPU clock frequency is 400 MHz.

» What is the maximum and minimum Clock Frequency, and Timer
Frequency, assuming up-counting mode!

» PSC,ARR are both in the range [0, 2'6-1=65535].

f _ fck psc_ 400 MHz l4OOMHz 400MHz
CK CNT™ psc+1  PSC+1 65536 ~ 1

| = [6.1 KHz, 400MHz]

_ fekent _ [6.1KHz 400MHz
frimer = ARR+1 |65536° 1

] = [0.09HZz,400 MHZz]

» (A realistic Timer Frequency should not be higher than | KHz. Hardware
can generate high frequency timer interrupts, but software latency and
Interrupt Service Routine (ISR) overhead are the real constraints.)



PWM duty cycle

» Suppose a |6-bit timer has the following settings
CPU Clock frequency is 16 MHz.
Prescaler PSC = |59
ARR = 1999
CCR =499

Counting direction: up-counting
Output is set as PWM Mode 2 (High True).

» Calculate the timer frequency and PWM duty cycle.



PWM duty cycle ANS

» Suppose a | 6-bit timer has the following setting
CPU clock frequency is 16 MHz.
Prescaler PSC = 159
ARR = 1999
CCR =499
Counting direction: up-counting
Output is set as PWM Mode 2 (High True).

»  Calculate the timer frequency and PWM duty cycle.

» ANS:
Timer Clock Freq fcx cnt = fzf;{c_ic_ 116524:12 = 0.1MHz

. _ fekent 01 MHz
Timer Freq frimer = ARR+1 1999 +1

CCR . 499 1501
ARR+1 1999 +1 2000

50Hz

= 0.7505

Duty Cycle = 1 —

PWM output is high on when the counter 1s 499, 500, 501, ..., 1999, a total
of 1501 cycles. (This statement is not required in the exam.)



SysTick Handler PROC

EXPORT SysTick Handler
PUSH {1r, re, r7}
ADD ro, ro, #1
ADD ri1, ri, #1
ADD r2, r2, #1
ADD r3, r3, #1
ADD r4, r4, #1
ADD r5, r5, #1
ADD r6, re6, #1
ADD r7, r7, #1
ADD r8, r8, #1
ADD r9, r9, #1
ADD ri10, rle, #1
ADD ril, rll, #1
ADD ri2, rl2, #1
POP {re@, r7, pc}
ENDP
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