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Systemy wbudowane -

Uktady do odmierzania czasu -
timery procesora
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Systemy wbudowane -

Jak mierzy¢ czas w systemach mikroprocesorowych ?

+ (Odmierzenie okreslonego opoznienia ?

+ Generacja daty i godziny ?

+ Pomiar dtugosci impulsow ?

+ Opoznienia w systemach czasu rzeczywistego “
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Systemy wbudowane -

Timer — urzgdzenie peryferyjne procesora przeznaczone do odmierzania
okreslonych przedziatow czasu (zliczania elementarnych cykli zegarowych).
Po odmierzeniu wymaganego okresu czasu timer zwykle generuje
przerwanie. Timery wykorzystywane sg do odmierzania czasu
systemowego, przetgczania watkow, generacji opoznien.

Przyktady uktadow stuzacych do odmierzania czasu:
Timer PIT (ang. Periodic Interval Timer, Programmable Interrupt Timer),
Timer Czasu Rzeczywistego RTT (ang. Real-Time Timer),

Timer PWM (ang. Pulse Width Modulation),

Timer uniwersalny TC (ang. Timer Counter),

Timer Watch-dog WDT.
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Systemy wbudowane -

+ Kwarc z chemicznego punktu widzenia to zwigzek zwany dwutlenkiem
kKrzemu. Prawidtowo wyciety i zamontowany krysztat kwarcu mozna
wprawi¢ w drgania lub oscylacje za pomocg zmiennego pradu
elektrycznego.

iZl Generatory sygnatu zegarowego

+ Czestotliwosg¢, z jakg krysztat oscyluje, zalezy od jego ksztattu i wielkosSci
oraz od pozyciji, w ktorych umieszczone sg na nim elektrody.

+ Jesli krysztat jest odpowiednio uksztaltowany, bedzie oscylowat z
pozgdang czestotliwoscig; w zegarach i zegarkach czestotliwos¢ wynosi
zwykle 32 768 Hz, poniewaz krysztat dla tej czestotliwosci ma niewielkie
rozmiary. Takie krysztaty sg zwykle uzywane w systemach cyfrowych.
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Embedded Systems -

Przykiady timeréow mikrokontrolera STM32L4x6 MCU:
Basic Timers (TIM6, TIM7)

General-purpose Timers / PWM Timer (TIM2-TIMS, TIM15-TIM17)
Advanced-control Timers / PWM Timer (TIM1, TIM8)

Low-power Timer (LPTIM)

Watchdog Timers (IWDG, WWDG)

Real-time Timer (RTC)
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Embedded Systems

Basic Timers

(TIM6, TIM7, LPTIM)
Chapter 33
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Embedded Systems -

Basic timers (TIM6/TIM7)

Basic timer (TIM6/TIM7) features include:

 16-bit auto-reload up-counter

 Additional 16-bit programmable prescaler used to divide the counter clock
frequency (1 to 65535)

« Synchronization circuit to trigger other peripheral devices (DAC)

* Interrupt/DMA generation on the update event: counter overflow
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Embedded Systems -

Block Diagram of Basic Timer

Figure 368. Basic timer block diagram
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Systemy wbudowane
o

P’L Automatic Reload of Timer

- T A AN
= VNV

UIF=1

Period of generated events:
tom = (TIM6_ARR+1) * (TIM6_PSC+1)/Clk =>ARR = ....
Clk =4 MHz, TIM6_ARR = 1999, TIM6_PSC = 3999 => trm = 2000 ms
(please provide detailed calculations during lab)
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Embedded Systems -
(r—_—'

P"L Counting Mode (Divider set to 1)

Figure 371. Counter timing diagram, internal clock divided by 1
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Counter overflow
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Embedded Systems -
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P"L Counting Mode (Divider set to 2)

Figure 372. Counter timing diagram, internal clock divided by 2
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CNT_EN |
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P{%JL Basic Timer Registers

0x04  Control register 2 TIMx CR2 R/W  0x0000
O0x10  Status register TIMx_SR 0x0000
0x24  Counter TIMx CNT RW 0x0000
0000
0x2C  Auto-reload register TIMx ARR RW OxFFFF
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PL Timer 6 — Base Address

APB1

Section 37.4.4: WWDG register

0x4000 2C00 - 0x4000 2FFF 1KB WWDG o

0x4000 2800 - 0x4000 2BFF 1KB  |RTC f;‘;’"” 38.0.21: RTC register

0x4000 2400 - 0x4000 27FF 1kB  |LCD fii‘g""” 25.0.6:LCD register

0x4000 1800 - 0x4000 2400 3KB Reserved -

0x4000 1400 - 0x4000 17FF 1KB TIM7 Section 33.4.9: TIMG/TIMT
register map

0x4000 1000 - 0x4000 13FF 1KB TIM6 Section 33.4.9: TIMG/TIM7

register map

Department of Microelectronics and Computer Science
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Systemy wbudowane -

Programming Timer 6 with HAL - Structure

typedef struct {
TIM_TypeDef *Instance; /* Reg. base address */
TIM_Base_InitTypeDef Init; [* TIM Time Base par.*/
HAL_TIM_ActiveChannel Channel; /* Active channel */
DMA_ HandleTypeDef *hdma(7]; /* DMA Handlers arr. */
HAL LockTypeDef Lock; /* Locking object */
IO HAL _TIM_StateTypeDef State; [* TIM operat. state */

IO HAL_TIM_ChannelStateTypeDef ChannelState[6]; /* TIM channel state */
IO HAL_TIM_ChannelStateTypeDef ChannelNState[4]; /* TIM compl. ... */
IO HAL_TIM_DMABurstStateTypeDef DMABurstState; /* DMA burst state */

} TIM_HandleTypeDef;
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Systemy wbudowane -

Programming Timer 6 with HAL - Initialization

static TIM_HandleTypeDef s_Timerlnstance = {
Instance = TIM6
;
__ HAL RCC _TIM6_CLK_ENABLE();

s_Timerlnstance.Init. AutoReloadPreload=TIM_AUTORELOAD_ PRELOAD ENABLE;
s _Timerlnstance.Init.Period = 999; // 2000 counts = 2000 ms
s_Timerlnstance.Init.Prescaler = 3999; I/ 4 MHz / (4000) =1 kHz

HAL_TIM_Base_Init(&s_Timerlnstance);
HAL TIM Base_ Start(&s_Timerlnstance);
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Systemy wbudowane -

Programming Timer 6 with HAL - Usage

while (1)
{
uint8 tflag=__ HAL TIM GET FLAG(&s_Timerinstance, TIM _FLAG_UPDATE);
if (flag)
{
[* USER CODE END WHILE */
__HAL TIM_CLEAR _FLAG(&s Timerinstance, TIM_FLAG_UPDATE);

}
/* USER CODE BEGIN 3 */

}
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Systemy wbudowane

Configuration of Reference Clock

RTCILCD Source Mux

HSE RTC
4-—>O l:lTuL(D(KHll
o] sk = 50 [ 2 Jorcwm

LS| RC L

To Power (MHz)

HCLK to AHB bus, core,
memorv and DMA (MHz)

:
]

/1

To Cortex System timer (MHz)

[ ]
I
4
. »| 4 |FciK cortex clock (MH2)
:lm IWDG (KHz) APB1 Prescaler
L]
]
L]

|

2 KHz

PCLK1
System Clock Mux 11~ R » 4 APB1 peripheral clocks (MHz)
MSI RC us! ‘ : :
4000 ® X1 APB1 Timer clocks (MHz)
Tz HsI O SYSCLK (MHz) AHB Prescaler HCLK (MHz) APB2 Prescaler
> 1 PCLK2 .
| HSE o | 4 }—4»—»‘ 11~ H 4 |—<>—>| 11 v PR — APB2 peripheral clocks (MHz)
PLL Source Mux PLLCLK| 80 MHz max '—‘
vs! O X1 > APB2 timer clocks (MHz)
HsiRC USART1 Clock Mux
s PLLM PeLK2 [\
[ e en LT
° HSE N R PLLQ 4DI:|TU SDMMC1 (MHz) O
- CLK48 Clock Mux USART2 Clock Mux _,I:'TU UsaRT (e
Q PLLSAIIQ PCLK1 O
N PLLP —»|® —— [To USB (MH2Z) —»®
4-48 MHz
R [P ~ o
" MSI [To RNG (MHz) 4@0 USART2 (MHz)
PLLSAHR 12€1 Clock Mux USARTS Clock Mux
-2 - Hsl48 . » PCLK1 5\
R PLLSAIIQ - > svseud]
- ADC Clock Mux ~ SYSCLK] UART4 Clock Mux —0
L o 2 Hsi o 2
= O l:lT 12C1 (MHz) USART3 (MHz)
PLLSAIP PLLSAIR [N\ PCLK1 > —» 0
P O O
PLLSAZR
— 0O 4,I:|m ADC (MH2) —,I:lm UARTA (MH2)
12C2 Clock Mux UARTS5 Clock Mux
PLLSAZR
peLK1 N PCLK1
IEECHE I B[ ® ®
R
PLLSAIZP SAI Clock Mux LPUART1 Clock Mux O
Q_,I:lm 122 (MH2) _.l:lm UARTS (MHz)
PLLSAIZ - PLLSAIP [N PCLK1 o)
HSI48 RC 2 —>© ®
PLLSAIZP Q
—0
PLLP SAI1 (MH2Z) LPUART1 (MHz)
MHz o) LPTIM1 Cloc
_EXT N POLKT N,
® \
7 Lsi
SAIZ Clock Mux LPTIMZ Clock Mux —» 0
O—»l:lm 12C3 (MHz) } Hsi —»I:rn LPTIM (MHz)
PLLSAIIP POLKT N —{0
— —>® LSE
MCO Source Mux PLLSA2P (@) Lsi —»{0
MHz — —»0 7
O PLLP %l:lm SAI2 (MH2) HsI —»l:lm LPTIM2 (MHz)
—0 —»0
DF SDM1 Clock Mux S SWPMI1 Clock Mux
O —*0
PCLKT [N W PeLkl N\
— —
12€4 Clock Mux ® ®

(MHz) M

PCLK1 svscLy l:lm DFSDM1 (MHz) . l:lm SWPMI1 (MH2)
(& —

LSCO Source Mux

OO0 ®000O0

A1 s (@) —>I:|Tn 12C4 (MHz)
@|*— HsI
(MHz) . »| O
Ofe—
N\

Department of Microelectronics and Computer Science



Systemy wbudowane
| (ol

P{%JL Configuration of Reference Clock (2)

Timer 6 uses the APB1 clock

Generated by internal MSI RC oscillator, f = 4 MHz
APB1 clock derived directly from MSI clock (also 4 MHz)
We do not recommend changing these settings
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Systemy wbudowane -

+ Enable timer clock: RCC_APB1ENR1, bit TIMGEN
+ Configure timer (2000 ms, periodic)

1. Configure timer to auto-reload, periodic mode: TIM6_CRA1, bits: ARPE,
OPM, URS

2. Enable update event: TIM6_CR1, bit: UDIS
3. Configure prescaler: TIM6_PSC
4. Configure period: TIM6_ARR
5. Configure reload timer after event: TIM6 _EGR, bit UG
+ Enable timer: TIM6_CR1, bit: CEN
+ Use polling for checking Status Flag: TIM6_SR, bit UIF
+ Clear UIF (if required) after counted period — Count next period, etc.

@ Timer Usage...

Optional:
+ Check TIM6_CNT to see if timer is counting
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Systemy wbudowane -

Watchdog Timer

Watchdog Timer (WDT) is used to prevent microprocessor system lock-up if the
software becomes trapped in a deadlock.

Features of WDT:

12-bit down counter,

Triggered with slow clock (32.768 kHz),

Maximum watchdog period of up to 16 seconds,

Can generate a general reset or a processor reset only,

WDT can be stopped while the processor is in debug mode or idle mode,
Write protected WDT_CR (control register).

¥ & ¢ & & <«
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Systemy wbudowane -
Watchdog Timer — block diagram

write WDT MR
WDT_MR
WDT_CR WDV
WDRSTT i
| | reload X
—
P A1 O ;
Y
12-bit Down
Counter
WDT_MR
vreload
WDD Current
Value < [ 1/128 SLCK
@
y
<=WDD
WDT_MR
r WDRSTEN
=0
l :I N ‘ > wdt_fault
1_J ~ (to Reset Controller)
, set
WDUNF ) » wdt_int
yset Areset
WDERR
read WDT_SR *reset WDFIEN
or
reset WDT_MR
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Systemy wbudowane -

WDT - timing charts

Watchdog Error Watchdog Underflow
if WDRSTEN is 1
FFF
Normal behavior if WDRSTEN is O
WDV- ~\ < ;
Forbidden v
Window =T

SN Y
~ N " "

WDT_CR =WDRSTT

@ Watchdog
Fault
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WDT - registers (1)

17.41 Watchdog Timer Control Register

Systemy wbudowane

Register Name: WDT_CR

Access Type: Write-only
31 30 29 28 27 26 25 24

| KEY |
23 22 21 20 19 18 17 16

I - | - I - | - | - - I - | - |
15 14 13 12 11 10 9 8

I - | - I - | - | - - I - | - |
7 6 5 4 3 2 1 0

I - | - I - | - | - - I - [ WORSTT |

0: No effect.

—

: Restarts the Watchdog.

KEY: Password

WDRSTT: Watchdog Restart

Should be written at value OxA5. Writing any other value in this field aborts the write operation.

i
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WDT - registers (2)

17.4.2 Watchdog Timer Mode Register

Systemy wbudowane

Register Name: WDT_MR

Access Type: Read/Write Once
31 30 29 28 27 26 25 24

| | [ WDIDLEHLT | WDDBGHLT | WDD |
23 22 21 20 19 18 17 16

| WDD |
15 14 13 12 11 10 9 8

| WDDIS | wprProc | wbRsTEN | wDFIEN | WDV |
7 6 5 4 3 2 1 0

| WDV |
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