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Announcements

* Project idea submission due TODAY at 10 PM,

* Project selection on Thursday
* Attendance required
 Come eat some pizza!

* HW 2 due tomorrow (10/14), Lab 2 due on Friday (10/16)

« HW 3, Lab 3 released today
* Sign up for Lab 1-2 Discussion next Friday (10/23) (will post link on Ed &
Canvas announcement)

* https://docs.google.com/spreadsheets/d/1khJmYLUEIhuXQuG3AafNfZIY93zjGV
0eSeGV6i8b9p8/edit?usp=sharing



Component of the day...

Wireless Modules!

* LoRa » Satellite
e Cellular * GPS
 Wi-Fi * BLE

* NFC  RFID

www.st.com/nucleo-nfc

O

ATNO NOILYNTVA3 304

X-NUCLEO-NFC10A1

V-9 432
15090-11-4487




Nest Interrupts / Preemption

Interrupt occurs with higher priority while CPU is handling another
interrupt of lower importance (i.e. incoming request has a lower
priority number)

New interrupt will interrupt the current ISR

Will push a new ISR stack on the stack



Tail Chaining

Same or lower important interrupt occurs while CPU is handling an
interrupt of same/higher priority

New exception will enter pending state....but will be executed before

register unstacking (saving unnecessary unstacking/stacking
operations)



Late Arrivals

An exception occurs and stacking has started
Then another exception occurs before stacking completes

The second exception has higher preempt priority and will be
processed first



Example: Late Arrivals

What happens if an interrupt occurs while you are stacking?

Interrupt on IRQ4

Stack

A O N

IRQ
Priority Table

4

Pending

8

0

0

0

10

5

3

Enabled

6

Base Priority

256




Example: Late Arrivals

Interrupt on IRQ3 Vv
Interrupt on IRQ4

Stack IRQ
Priority Table
0 8
1 10
5
3

6

A O N

Base Priority
256

4

Pending

1

0

0

Enabled




Example: Late Arrivals

Interrupt on IRQ3 — Do we stack again?
Interrupt on IRQ4

Stack

A O N

IRQ
Priority Table

4

Pending

8

1

0

0

10

5

3

Enabled

6

Base Priority

6




Once stacking is complete,

Exa m p le: Late Arrlva I_S find vector for the highest

priority pending

Interrupt on IRQ3 W
Interrupt on IRQ4

Stack IRQ |
Priority Table 4 Pending 0
0 8 1 1 O[O0 {0
1 10
2 5 4 Enabled 0
3 3 1 1 1 1 1
4 6
Base Priority 4 Active 0
256 0 10




Example: Late Arrivals

Interrupt on IRQ3 _W
Interrupt on IRQ4

Stack IRQ
Priority Table
8
10
5
3

6

o

—_—

ISR-IRQ #3
Stack

A O N

Base Priority
3

4

Pending

0

0

0

Enabled
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Example: Late Arrivals

Interrupt on IRQ3 " bx 1r

Interrupt on IRQ4
ISR-IRQ #3

Stack IRQ
Priority Table
8
10
5
3

6

o

—_—

A O N

Base Priority
3

4

Pending

0

0

0

Enabled

12



Example: Late Arrivals

Interrupt on IRQ3 -W bx 1r

Interrupt on IRQ4\’

Stack IRQ

Priority Table 4 Pending
0 8 O | OO0 ]| O
1 10
ISR ~1RQ #4 1 5 4 Enabled
Stack

3 1 1 1 1

4 6
Base Priority 4 Active
4 1 O[O0 {0




Example: Late Arrivals

Interrupt on IRQ3 Vv bx lr bx 1r
Interrupt on IRQ4\’
Stack IRQ _
Priority Table 4 Pending 0
0 8 0 0 0 0 0
1 10
SISO 1 S 4 Enabled 0
Stack
3 1 1 1 1 1
4 6
Base Priority 4 Active 0
256 0 0 0 0 0 14




Today we are talking about...

* Timers

* Background
* Timer Anatomy
e Capture and Compare

* Pulse Width Modulation

e SysTick Timers

15



Reading

* STM32L4 Application Developers Reference Manual (RM0432)
* Section 37: Advanced-control timers (TIM1/TIM8)
* Section 38: General-purpose timers (TIM2/TIM3/TIM4/TIM5)

* Embedded Systems with ARM Cortex-M Microcontrollers in
Assembly Language and C (Yifeng Zhu)
* Chapter 15: General Purpose Timers

16



What is a timer?

A timer is a peripheral for tracking time

One of the most important features of a microcontroller!

—— — — —_— —— ——

Many use cases:

Scheduled Tasks - trigger an interrupt to read in sensor data, update
a display, transmit a data packet, etc.

Generate PMW Signals - control the speed of a motor, the brightness
of an LED, etc. '

Event Synchronization - synchronize events internally or externally

Generate Timeouts —- maximum wait time ‘E

17



60 second brainstorm
(talk with your neighbor)

@

Electronic devices need some physical principle to
mark the passage of time.

What do they use?

18



timer tick:

1dr r0, count;

. ? add r0, r0, #1;
How does a timer work”
Frequency depends on E 1 E : |
the oscillator device . 16-bit Timer? 1 | [
e.g., 80MHz H -bIt limer: | : !
(e.g ; ) : Howfa‘stdowewantthe Can count to 216 = 65,535 I : :
H timer to run? before rolling over i ! I
. Clock the timer at the rate the 1 : : I
e H user desires (e.g., /80) : 1 V I :
170 : ’ Law : :
i e y Capture 4+——> | '
P o— B e % I | !
: - T ) K | | |
v l : I Low-level ! . !
: “ “ | Timer | Time |
[] |
. Clock R/W 1 H i i
XTAL/OSC . ) —— Prescalar —— Counter 4——3 Subsystem ) Abstractions : Application
. Driver 1 . ! and I Software
H Device ! . - I
. 1 ) I | Virtualization | |
. E I Drivers : I
L . 1
»if\ IRAN : :
N - Compare 4——P I ,
n K 1
& O /o * : . I
2 . Responsible for generating 1 : 1
& H and distributing the clock | I :
= . signals 1 ! I
H 1 | I
: I ' |
[] |
: ! ! |
: l I '
: I i Operating |
External : Internal Hardware : Software ' System I Applicgtions
- |



CryStal OSCillatOrS Many different types! ’\

= ~
* A quartz crystal resonator |
consists of a small, thin sheet of e \
quartz mounted between two \ |
metallic plates (electrodes) %
U
* Lower frequencies —l>°—R —
—m—
X
II[
Clji jicz

Pierce Gate Oscillator

21



Types of Clock Sources

* Typically 32.768 KHz for Real Time * Surface Acoustic Wave Resonator

Clocks « Typically 10- 100 MHz

* Used to track time
* Years, months, days, hours, mins, * Very accurate

seconds

* Typically kHz to few MHz range

\ <
\

N 3 ’\
N\
\ W
.

22



32L4 Clock Tree ™
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Figure 16. Clock tree for STM32L4Rxxx and STM32L4Sxxx devices

to IWDG
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STM32 Clock Tree

Some Terminology

Low Speed External (LSE)
Low Speed Internal (LSI)

High Speed External (HSE)
High Speed Internal (HSI)

Multi-Speed Internal (MSI)
Output Clock (MCO)

Real Time Clock (RTC)
System Clock (SYSCLK)

Phase Locked Loop (PLL)

Figure 16. Clock tree for STM32L4Rxxx and STM32L4Sxxx devices

Lsco

0SC32_ouT

LS

to IWDG
LSIRC32 kHz ‘ I
J toRTC
LSE 0SC
32.768 kHz
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to AHB bus, core, memory and DMA
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—
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STM32 Clock Tree

Prescalars

/—\ Figure 16. Clock tree for STM32L4Rxxx an?éM32L4Sx>\devices
Low Speeo( Internal Resistor- / \
LSIRC 32 kHz

to IWDG
Capacitor (RC) 32kHz Oscillator .
0SC32_0ouUT = RTC—
Low Speeo( External 32.768 kHZ LSE OSC 7R
32.768 kHz
Crystal Oscillator .
(X2 = 32.768kHz2) s & A
IMSI to AHB bus, £ore, memory and DMA~
HSI16
[ HSE : HCLK FCLK Cortex free running clock
Microcontroller Clock Output e SYSCLK H Tiosn =
PLLCLK @ ‘/ to Cortex system timer
HS148 i iz
Clock
source APB1 PRESC PCLK1

control

4-48 MHz HSE
OSC_IN otk ms|
HSI16 B

Higlr\ Speed Internal RC 16MHz rsine
Oscillator

MSI RC
100 kHz - 48 MHz
RC 48 MHz P
AMSI ‘ |:

i

/12,4816 to APB1 peripherals 4

to TIMx

x=2..7

5 e
16 to USARTxX
SYSCLK: x=2..5
to LPUART1

HSI16- >
SYSCLK: to 12Cx
x=1,2,3,4

LS| >
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STM32 Clock Tree

Phase Locked Loop

Generate a stable frequency
that is a multiple of the input
frequency

Higher clock noise

Increased power consumption

f _ f PLLSource < N
M

(divide by /R for PLLCLK, etc.)

MSI to AHB bus, core, memory and DMA
MCO HSI16
1116 HSE . aHBPResc | HCLK FCLK Cortex free running clock‘
SYSCLK 711,2,.512
PLLCLK to Cortex system timer
HSI48 ’_i /8 >
Clock
source L | APB1 PRESC PCLK1
control /1,2,4816 2 ol
124310 to APB1 peripherals
4-48 MHz
OSC_IN = MSI o
- SYSCLK P X=2“7
or HSI16 SE .
HSI16 to USART.
SYSCLK one
HSIRC to LPUART1
16 MHz
HSI16 -
MSIRC SYSCLK to 12Cx
100 kHz —48 MHz x=1,2,3,4
LS} L
RC 48 MHz LISE— to LPTIMx
HSI16—— x=1,2
MSI sl
HSI16 | -
e LS ARGINK = HSE % OCTOSPI clock
/P >
i:/ PLL48M1CLK CRS clock
— PCLK2
D L] AE02eRESC to APB2 peripherals
;D7 /12,4816 el
HSI16 1lorx2
PLLSAI i EXEN to TIMx
/_P PLLSAI1CLK x=1,8,15,16,17
t/_q PLL48M2CLK SE i
[/l HSI1 to
/R oone (el SYSCLK USART1
N ‘ h er?uauﬁ e




How does a timer work?

1/0 R/W
H Capture <4——>
l % Low-level .
. Time
. Clock R/W il Abstractions
XTAL/OSC Driver —> Prescalar ——» Counter 4——>» Subsystem and
= Device . .
% i Virtualization
T Drivers
R/W
Compare 4——>
1/0
. Operating
External : Internal Hardware Software System

Application
Software

Applicati
pplications



Auto Reload Register (ARR)
Interrupt Service Routine (ISR)

Counter BaSiCS Prescaler (PSC)

Reload Value <€--§ Az

Reload

f cl_PSC

T
(Counter)

Interrupt

f _ fcl_PSC
¢LCNT — psc +1

28



If you are curious ... Clock Divider

How could you

implement a
clock divider?

Use DFFs

Falstad Clock Divider
Exo\mple (LINK)

29


https://www.falstad.com/circuit/circuitjs.html?ctz=CQAgjCAMB0l3BWK0ECYCcAWT7GUwOxwDMICkZZkAUGAkmAGzhioiOYtsULUBKIALRgCzMNiGpMFcZwhswcEKhTLVFGLwDuXcBLCsQADg3UdBtifDMrNczZljDNALLhUR4zI-Woa7boW7p5BdsGBPrZmgfqGIsxhgpghEkkholDRgsQKhtmWpjppuvm6rkI5XhUKCf5ZslXCsdxZyY0NUUVtDcVRdEhNcnnoTtxk0Ux6nMUNifFTQg2zExlLcRJhqAQKElsKGZtGIYYenp3K27qnZdRu11bXkxQqAfNW86HRe1VvhRc7nG+fXo4FWJykZUy-RAxGIoxhRiGYwCmEqDVRBUyOgxVVhDixMLhuKJnzc2DOFHJvmeKGiOKCVM+2O6hip53pEnpB2ieIW32WAHtwOxOJTIOhPEgYBBnsLiNQhYYOH5pBLKNK-GAFZRlWK1VLoDLwNrUKRdSBVZLkEatULKubLerDZrqEA
https://www.falstad.com/circuit/circuitjs.html?ctz=CQAgjCAMB0l3BWK0ECYCcAWT7GUwOxwDMICkZZkAUGAkmAGzhioiOYtsULUBKIALRgCzMNiGpMFcZwhswcEKhTLVFGLwDuXcBLCsQADg3UdBtifDMrNczZljDNALLhUR4zI-Woa7boW7p5BdsGBPrZmgfqGIsxhgpghEkkholDRgsQKhtmWpjppuvm6rkI5XhUKCf5ZslXCsdxZyY0NUUVtDcVRdEhNcnnoTtxk0Ux6nMUNifFTQg2zExlLcRJhqAQKElsKGZtGIYYenp3K27qnZdRu11bXkxQqAfNW86HRe1VvhRc7nG+fXo4FWJykZUy-RAxGIoxhRiGYwCmEqDVRBUyOgxVVhDixMLhuKJnzc2DOFHJvmeKGiOKCVM+2O6hip53pEnpB2ieIW32WAHtwOxOJTIOhPEgYBBnsLiNQhYYOH5pBLKNK-GAFZRlWK1VLoDLwNrUKRdSBVZLkEatULKubLerDZrqEA

If you are curious ... Counter Example
Falstad Counter Example (LINK)

e Countup
e Countdown
* Hold

31


https://www.falstad.com/circuit/circuitjs.html?ctz=CQAgjCAMB0l3BWcMBMcUHYMGZIA4UA2ATmIxAUgoqoQFMBaMMAKDAUJDypRQBZwKPCF4DabDiPwj+Ivj1lVIEztmydRIdcM3j2nPoQGa+3GWIosA7uAwbZYOyMnKbjjZLQ6X1rZGOyuMY+NkHOqurhUL582CjmILHxKCGJcVGGwZyuiUYJfKYJOQU6siUieMLFhULCmRVVMTWViYVq2U3C7VpoWpE5cVTdgw3Rob21fRotAxMtI7q+C4GRizZeCWDEyYq+WzsC+6M5R5Mbkyfbo0fdl-HDvbe+Zpp5ayBvsm8zvt-CLz8bH8PgInkDQZEbv0WAAlLg8STpFKcCDJOAiaBIFCYqBQTGwkFTHpEpSJWi4pT4mwcBQCGmE4pIsrpYgdUL+BJhMBCMa2eyHJxgQhKFgAWQowsJhTeGIQYrS8VZiWESuS+PFXJ5hW5Oll8vc4El2slarlfC2FCueSMVDyVD4vnpeQQVrEMRZnBdirZfkOPK9gkabkFkoDQpFAHstEg7YkwJB4kgYPBIGRCBwUrjWFHIrHzQnqMn4GmM0nwCwc+Q8-HE3iUyXCJmqNmtMJqwWk7Bi3ZS1mWEA

Group Exercise

80MHz Crystal :
Oscillator :
", H 16-bit Timer
.... /80
: e Capture
v - I ., 5
. « >
. Clock
XTAL/OSC . Driver —>» Prescaler —— Counter
- Compare
External : Internal

!
f

What is the output clock
frequency after the prescaler?

1MHz

What is the longest duration of
event that could be measured?

16-bit Timer?
Can count to 2= 65,535 before rolling
over

= 0.001 ms x 65535 = 65.535 ms

~ 1MHz

Or measure events no longer than

65.5ms!
32



Oscillating Frequency Tradeoffs

There is a tradeoff between resolution and

\ Key Takeaways
80MHz OSC Resolution: 1MHz OSC Resolution:
Higher oscillating higher
80e6 =125ns E = 1000 ns frequency = resolution
16-bit Timer >
Higher oscillating _ Timer
= overflows
frequency ick
16 = 0.8192 ms 1 16 A
80e6 X2 - 1_66 X 2 = 65.536 ms

v

33



2-minute Group Exercise

Given an input clock of 1T00MHz what is the maximum timeout
period for:

e 16 Bit Timer
e 32 Bit Timer

e 64 Bit Timer

34



2-minute Group Exercise

Given an input clock of 1T00MHz what is the maximum timeout
period for:

. . 1 1
° 16 B|t T|mer ]_C=100MHZ=0.001mSX216=0.655ms

1 1
e 32 BitTimer 7=100MHZ=0.001mS><232=42.955

1 1
. . g — 64 —
° 64 Blt Tlmer 7 = To0mHz 0.001 ms x 2 5849.42 years

35



Capture and Compare



Capture and Compare

Two primary timer modes:

capture how long something takes to happen

G Measure how long something takes

Have something happen once or every N time periods

a clock source to desired time and act

37



Auto Reload Register (ARR)
Interrupt Service Routine (ISR)

Ca th re Prescaler (PSC)

Reload Value €3 ARz

(Counter)

&igger Interrupt

and Compare
Register (CCR)

38



Input Capture

Monitor Only Rising or Falling Edge

Monitor Both Rising & Falling Edge

Time Sloom Time Span

External
Signal 1

External
Signoll 3

External External
Signo\l 2 Signal 4

39



InpUt Fllterlng Falling transition is confirmed if

two consecutive reo\o(ings dre low

External 1t Con\ci:defion 2nd conﬁrmation
Signal
v H
T T T T > time
Sampling
Clock

V' N

Falling transition is confirmed

40



Input Capture Diagram

Filter Edge
Downcounter Detector
" Set i Select
filter duration Active edge
ICF[3:0] CCNP/CCP
TIMx_CCMR1 TIMx_CCER
TIMx_CCMR2

Interrupt Enable

CCIE

Interrupt Flag

» CCIF

TIMx_DIER

Interrupt
Request

Over-capture flag

CCOF

TIMx_SR

Input Prescalar

N

Set input
prescalar

ICPSCI[1:0]

TIMx_CCMR1
TIMx_CCMR2

16-bit counter

Trigger

v

Capture

Capture and
Compare
Register

DMA enable

TIMx_DIER

» CCDE (—

TIMx_SR
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Input Capture Diagram

Filter

Downcounter

N

Set
filter duration

ICF[3:0]

TIMx_CCMR1
TIMx_CCMR2

Edg
Detec

CCNP/

TIMx_C(

Interrupt Enable

‘— RM0432
YI A Reference manual

STM32L4+ Series advanced Arm®-based
32-bit MCUs

Introduction

The STM32L4+ Series &
and peripherals.

For ordering nformation, mechanical nd elecirical device charsclerstics. refee 1o the
corresponding datashests

For infarmation on the Arm™ Cartex™.A4 core, refer 1o the Carax®.M4 Techrical Refarence
Manua

STM32Ld+ Series microcontroliers inchide ST state-of-the-art patentad techology

Related documents

Marwial, avaiabie fom: hiip infocsnler am com
TM3ZL450xx dalashest
STMI2LARIxx dalasheet

+ STM3IZL4PSxx datashest
o STMI2F3, STM3I2F4, STM32L4 and STM3I2LA+ Series Conex®™-M4 (PM0214)
o STMIZLARxxx/'STMI2LASxxx and STMIZL4APS5xw/STM3I2LAQ5xxx aratasheets

Interrupt Flag

CCIF

Interrupt
Request

Over-capture flag

CCOF

TIMx_SR

TIMx_SR

16-bit counter

igger

v

Capture

Capture and

Compare
Register

DMA enable

CCDE

TIMx_DIER
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Auto Reload Register (ARR)
Interrupt Service Routine (ISR)

Com pa re Prescaler (PSC)

Reload Value €3 ARz

f cl_PSC

DRI IR cceco
(Counter)

Trigger Interrupt

Capture and

Register (CCR)
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Output Compare Mode (OMC)

Output Compare Mode (OMC) | Timer Output (OCREF) Set by program

000
001
010
011
100
101

Frozen
High if CNT == CCR

Constant
Value
Low if CNT = CCR

Toggle if CNT == CCR LT Timer

Generate
interrupt if
equal

(Counter)

Forced low (always low)

Counter++ or (Counter--) Comparator

for each clock cycle

Forced high (always high)

44



\ Switching period Ts Carrier Signal

'’

Counting Configurations |

* Countup and reload

« Count down and reload ] NG
e Count up and then count down \

value

v

45



Multi-Channel Outputs

Clock Selection

Internal Clock . .
External Clock Trigger & Clock 16-bit Prescaler

Internal Trigger Input Controller (PSC)

16-bit Au

to Reload

Register (ARR)

16-bit Counter
(CNT)

I —

CNT > CRR1 ?
| CNT>CRR27 |
[ CNT>CRR37 |
[ CNT>CRR4? |

~

Output
Controllers

—— CH1
—> CH2
— CH3

J

— e’

Compare four channels

—— CH4

46



Pulse Width Modulation (PWM)



Pulse Width Modulation (PWM)

Basic ldea: Create a digital output wave of fixed frequency, but
allow the microcontroller to vary its duty cycle

H L \ H L

H
dut le = —— P =VXI
uty cycle )

Power (W)

I
IS

H

Delivered Power = P x (duty cycle) = H+1L

o
N}

XP

o

90% 80% 70% 60% 50% 40% 30% 20% 10%

Duty Cycle

48



Pulse Width Modulation

High level example

llllllll

49



PWM Mode

Counter SWltC"\lng

Auto Reload Value
(ARR)

PWM
Output

V/6

4 Period

2

on

i R — Averolge Ou‘tput

>

50



PWM Mode

setup the
counter?

Counter Swd:cl'\mg
: 4 Period

How do we

A Toff
(V2
TOF\
PWM
Output
VIARR | = = = = = = o I
0

i R — Averolge Ou‘tput

>

51



Edge-aligned Mode (Up-counting)

Counter 5

Counter 5
Overflow

overflow

Counter Overflow

Upo{ate Event (VEV)

Autor Reload Register (AAR) =6 k ) )
Repetition Counter Register RCR=0 — Iierwd =1+ A.RR) X Clock Pertod
0 = Repeat forever. Set to a non-zero value, the timer counts the number = 7 X Clock Period

of occurrences of an update event before generating an interrupt 52
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Edge-alighed Mode (Down-counting)

Counter

f underflow

Counter Counter

f underflow

Counter Overflow

Update Event (VEV)

v

Autor Reload Register (AAR) =6 L
Repetition Counter Register RCR=0

_s Period = (1 4+ ARR) X Clock Period
= 7 X Clock Period

53



Center-alighed Mode

Counter

Counter

{\]‘ overflow
Counter Counter
underflow underflow
Counter Overflow
Upo{ate Event (VEV)
| J :
Autor Reload Register (AAR) =6 k
_s Period = (2XARR) X Clock Period

Repetition Counter Register RCR=0
= 12 X Clock Period

54



PWM Mode

Counter Swi‘l:cl'\ing
4 Period

How do we
generate
the PWM

output
signal?

TOF\
PWM
Output
VIARR | = = = = = = R T e g
0

i R — Averolge Ou‘tput

Q
*

. -
- .
- .
----------------------------------------------------------------------------------------------------------------------------------------------------
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PWM Mode 1 (Low True)

Up-counting Mode, ARR=6,CCR=3, RCR=0

Counter

OCREF

Timer Output
High if counter < CCR

Low if counter > CCR
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PWM Mode 2 (High True)

Up-counting Mode, ARR=6, CCR=3,RCR=0

Timer Output

Low if counter < CCR

High if counter > CCR
Counter
-
(&
4
OCREF
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PWM Mode 2 (High True)

Up-counting Mode, ARR=6,CCR=5, RCR=0

Counter

OCREF

Timer Output

Low if counter < CCR
High if counter > CCR
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Many PWM Outputs, One Timer

16-bit Auto Reload
Register (ARR)

Clock Selection

Internal Clock . . .
External Clock Trigger & Clock 16-bit Prescaler 16-bit Counter

Internal Trigger Input Controller (PSC) (CNT)

CNT > CRR1? N
> .CNT>—-£ Output — CH2
CNT>CRR3? Controllers |—— CH3
ANt~ cooa o | —> CH4
CNT>CRR4 ? J

Compare four channels




Multiple PWM Outputs

Counter

Channel 1
CCR1 =1

Channel 2
CCR1=3

Channel 3
CCR1=5
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Auto-Reload Preload Enable (ARPE)

Auto-Reload Preload Enable (ARPE) bit in TIMx_CR1

ARPE =1 (synchronous update)

Write to ARR —M,

Read from ARR «———

Preload
Register

/Y

Auto-reload
Register (ARR)

Triggered by Update Event (UEV)
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Read the Datasheet

We covered many
things, but not
everything!

Table 278. Output control bits for complementary OCx and OCxN channels with break feature

Control bits

Output states()

MOE bit

0SSl bit

OSSR bit

CCxE bit

CCxNE bit

OCx output state

OCxN output state

X

Output disabled (not driven by the timer: Hi-Z)

OCx=0, OCxN=0

Output disabled (not driven
by the timer: Hi-Z)
0OCx=0

OCXxREF + Polarity
OCxN = OCxREF xor CCxNP

OCXxREF + Polarity
OCx=0CxREF xor CCxP

Output Disabled (not driven by
the timer: Hi-Z)
OCxN=0

OCREF + Polarity + dead-
time

Complementary to OCREF (not
OCREF) + Polarity + dead-time

Off-State (output enabled
with inactive state)
OCx=CCxP

OCXxREF + Polarity
OCxN = OCxREF x or CCxNP

OCXxREF + Polarity
OCx=0CxREF xor CCxP

Off-State (output enabled with
inactive state)
OCxN=CCxNP

Output disabled (not driven by the timer: Hi-Z).

o|o| X

Off-State (output enabled with inactive state)

Asynchronously: OCx=CCxP, OCxN=CCxNP (if BRK or
BRK2 is triggered).

Then (this is valid only if BRK is triggered), if the clock is
present: OCx=0ISx and OCxN=0ISxN after a dead-time,
assuming that OISx and OISxN do not correspond to OCX
and OCxN both in active state (may cause a short circuit
when driving switches in half-bridge configuration).

Note: BRK2 can only be used if OSSI = OSSR = 1.

62




Announcements

 Lab 2 due tomorrow (Friday 10/16) at 10 PM

* HW 3 due date pushed to to next Thursday (10/22) and Lab 3
pushed to Tuesday (10/27)

* Sign up for Project Proposal advising next week (will post link on
Ed & Canvas announcement)
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Group Exercise
PWM Timer Setup

Given the following assumptions, find the timer’s PSC, ARR, CCR to achieve a PWM output with a duty cycle of

10% and a period of 10ms

* A16 MHzclock is selected to drive the timer

 Thetimeris setup as arepeatedly up-counting and down-counting, similar to the figure shown below

* PWM Mode 2 is selected. In this mode, the timer output is high if the counter is larger than or equal to CCR.
Otherwise, the outputis low.

Input Clock Frequency

6 Timer Clock Frequency =
4 4 1+PSC

Counter ccr-s 3 3

1 ! PWM Period =2 X ARR X Timer Clock Period (center alighed mode)

0 0

1-CCR
ARR

OCREF PWM Duty Cycle =
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Group Exercise
PWM Timer Setup

Input Clock Frequency 16 MHz

Timer Clock Frequency = = = 1MHz
1+PSC 1+15

PWM Period =2 X ARR X Timer Clock Period (up then down count mode)
PWM Duty Cycle= 1- CCR/ARR

PWM Period 10 10
ARR = = = = 5000

2 X Timer Clock Period 2x(1/f) 0.002

CCR = (1-Duty Cycle) X ARR =(1-10%) x 5000 = 4500
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Sgs’cem Timer



System Timer

A simple 24-bit down counter
Software uses SysTick to create time delays, to generate periodic interrupts, to
execute tasks repeatedly

* Counts down from N-1to 0 and the processor generates a
SysTick interrupt once the counter reaches 0

* Afterreaching zero, the SysTick counter loads the value held
in a special register (SysTick Reload Register) and counts
down again
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Configuring System Timers

Four 32-bit registers for configuring system timers

SysTick_CTRL OxEOOOQOEO10
SysTick_LOAD OxEOOOEO14
SysTick_VAL OxEOOOEO18

SysTick_CALIB OxEOOOEO1C

SysTick control and status
register

SysTick reload value register

SysTick current value
register

SysTick calibration register
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System Timer

MSI
HSI

PLLCLK
HSE

RCC_CFGRI[1:0]

AHB Prescalar

/8

» Processor Clock

SysTick External Clock

>



SysTick Timer Interrupt

SysTick SysTick_LOAD = 6, Processor Clock = 1TMHz
Counter
6
5
SysTick SysTick
4 Interrupt Interrupt

!

\

1
SysTick Interrupt Period = (1 + SysTick_LOAD) X

SysTick Counter Clock Frequncy

=(1+6)X = 7us

1MHz



Recap

* Oscillators

* Internal and external
e PLL

* Clock distribution and prescalars

e Timers
e Capture and compare

* Pulse Width Modulation (PWM) Generation and Timer Modes
* SysTick Timer
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Virtual Timers

You may find that you need more timers!

>> 60 second brainstorm <<
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Simple ldea

* Let’s say we have several events that we want to generate
* Create a list and set the timer to go off for the first one

* Do that first task, change the timer to interrupt for the next task

Events

10s 13s 20s 43s
Set Compare =10

Interrupt > 3s 20s 43s

t =

Set Compare =3 s 435
Interrupt >

Set Compare =7 23s
Interrupt >

\4



