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* Objetivos
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« Lalista de timers

« Enfoque de aprendizaje

« (Basic) TIMG6

 Ejemplo

« Como
« Hago una pausa de precision
« Cuento cosas
« Genero una senal PWM

« (Cajon de sastre)
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« Conocer las distintas aplicaciones de los timers
« Comprender el sistema de timers de los STM32L4x

 Aprender a desarrollar aplicaciones que aprovechen los timers
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Introduccion ["5[:
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« Los timers (ya sea dentro del micro o fuera) se usan para

» Contabilizar eventos externos
« Contar cajas en una cinta transportadora, vehiculos en una carretera, ...
» Velocidad de un motor (encoder)

* Realizar retardos de precision o tareas periddicas
« Semaforos, pasos a nivel, ...
» Generacion de sefiales PWM, ondas cuadradas, control de potencia

» Medir frecuencias/periodos de senales digitales
» Sensores

» Receptores de sefales infrarrojas, radio ...

 En algunos casos son importantes temporizaciones precisas

 Es critico un oscilador adecuado

UNIVERSITAT Sistemas Embebidos
LITECNICA

DE VALENCIA Timers



Unos ejemplos 015G
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« Control digital de un motor de corriente continua normalito

Motor Encoder

Puente __
en H

I nnnn
PWM

@Microcontrolador Pulsos

PID
digital
4

Referencia
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Unos ejemplos 015G
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* O muchos motores “brushless” a base de STM32
« Y tiempos, y comunicaciones, y ...

» (El patinete de Xiaomi controla el motor con los timers de un STM32)

Sistemas Embebidos

EES



https://www.youtube.com/watch?v=2la4pIyXOEQ
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» Abrimos el “datasheet” del micro y vemos los times que tiene ...
* ... jji Punetas !l

3.24 Tmersandwatchdogs ......... ... .. ... . .. ... ... ... 47
3.241  Advanced-control timer (TIM1, TIM8) . ... ... ... ... ... ... ....... 48
3.24.2 General-purpose timers (TIM2, TIM3, TIM4, TIM5, TIM15, TIM16,
TIMAT) e 49
3.24.3 Basictimers (TIM6and TIM7) ....... ... . ... ... 49
3.244 Low-power timer (LPTIM1 and LPTIM2) .. ... ... ... ... ... ....... 49
3.24.5 Infrared interface (IRTIM) . ........ . .. . . . . ... 50
3.246 Independent watchdog (IWDG) ......... ... ... .. ... . .. ....... 50
3.24.7 System window watchdog (WWDG) ........ ... ... ... ... ....... 50
3.24.8 SysTicktimer .. .. ... ... . . . . e 50

« ¢ Alguna sugerencia de por donde empezar?
» Echad un vistazo rapido a lo que se dice en cada uno (5 minutos)

UNIVERSITAT Sistemas Embebidos
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La lillista de timers

Menos mal que hay una tabla resumen

Table 11. Timer feature comparison

. . Counter Counter | Prescaler DMA Capture/ Complementary
Timer type Timer . request compare
resolution type factor . outputs
generation | channels
Any integer
Ag‘;?r‘;‘fd TIM1, TIM8 16-bit lif“ fég‘\’,"v’;‘ between 1 Yes 4 3
P and 65536
Any integer
ijec:; TIM2, TIM5 32-bit lijp’ /32:::’ between 1 Yes 4 No
purp P and 65536
Any integer
ijzr:('e TIM3, TIM4 16-bit %‘l /ﬂg‘\’,"v? between 1 Yes 4 No
purp P and 65536
Any integer
Ge”‘i’r:" TIM15 16-bit Up | between 1 Yes 2 1
purpose and 65536
Any integer
GS??:; TIM16, TIM17 | 16-bit Up between 1 Yes 1 1
purp and 65536
Any integer
Basic TIM6, TIM7 16-bit Up between 1 Yes 0 No
and 65536
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Enfoque de aprendizaje T
» Llegados a este punto, os explico como vamos a trabajar
* Veremos el funcionamiento de un timer basico
 Accederemos a él usando las HAL

« Empezaremos a resolver problemas cada vez mas complejos que
seran mas faciles de resolver con timers mas avanzados

« Temporizacion de precision

JNIVERSITAT Sistemas Embebidos
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(Basic) TIM6 015G
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« Arquitectura

Trigger TRGO

Internal clock (CK_INT) controller » to DAC

TIMxCLK from RCC

Reset, enable, Count
Control I

Auto-reload register
U ul
A
Stop, clear or up >
U
CK_PSC PSC CK_CNT
»| prescaler »|+ CNT counter

Notes:

Preload registers transferred

to active registers on U event
according to control bit

Event

~m
A~ Interrupt & DMA output
MS33142V1
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(Basic) TIM6 015G
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« Revisamos en profundidad el manual para entenderlo

* Detalles importantes
« CK INTes...
« El valor a meter en el preescaler para dividir entre N es ...
« Para contar 10 y repetir debo poner en el autoreload ...

« Elevento U lo puedo comprobar en el registro ...

UNIVERSITAT Sistemas Embebidos
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(Basic) TIM6

* Revisamos en profundidad el manual para entenderlo

* Detalles importantes

« CK INTes...
* Puede ser SystemCoreClock

« El valor a meter en el preescaler para dividir entre N es ...
 N-1

« Para contar 10 y repetir debo poner en el autoreload ...
« 10-1

« Elevento U lo puedo comprobar en el registro ...
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(Basic) TIM6 015G
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 HAL funciones (basic)

HAL_TIM_Base_Init

Function name HAL_StatusTypeDef HAL_TIM_Base_Init (TIM_HandleTypeDef
* htim)

Function description  Initializes the TIM Time base Unit according to the specified HAL TIM Base Start
parameters in the TIM_HandleTypeDef and initialize the - - -

associated handle. Function name HAL_StatusTypeDef HAL_TIM_Base_Start

Parameters e  htim: TIM Base handle (TIM_HandleTypeDef * htim)

Return values e« HAL: status Function description ~ Starts the TIM Base generation.
Parameters «  htim: : TIM handle
Return values e HAL: status

HAL_TIM Base Delnit

Function name HAL_StatusTypeDef HAL_TIM_Base_Delnit

(TIM_HandleTypeDef * htim)

Function description Delnitialize the TIM Base peripheral. HAL_TIM_Base_Stop

Parameters ¢  htim: TIM Base handle Function name HAL_StatusTypeDef HAL_TIM Base Stop

Return values e HAL: status (TIM_HandleTypeDef * htim)

Function description Stops the TIM Base generation.
Parameters e htim: : TIM handle

Return values . HAL: status

JNIVERSITAT Sistemas Embebidos
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DE VALENCIA Timers




(Basic) TIM6 015G
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« HAL funciones (basic) cont.
HAL_TIM Base_Start IT

Function name HAL_StatusTypeDef HAL_TIM_Base_ Start_IT
(TIM_HandleTypeDef * htim)

Function description Starts the TIM Base generation in interrupt mode.

Parameters e htim: : TIM handle HAL_TIM_Base_Start_DMA

Function name HAL_StatusTypeDef HAL_TIM_Base_Start DMA
(TIM_HandleTypeDef * htim, uint32_t * pData, uint16_t Length)

Function description Starts the TIM Base generation in DMA mode.

Return values . HAL: status

Parameters e htim: : TIM handle
pData: The source Buffer address.
e Length: The length of data to be transferred from memory to
peripheral.

HAL_TIM_Base_ Stop IT Return values e HAL: status

Function name HAL_StatusTypeDef HAL_TIM_Base_Stop_IT
(TIM_HandleTypeDef * htim)

Function description Stops the TIM Base generation in interrupt mode.

Parameters . htim: : TIM handle

HAL_TIM Base Stop DMA

Function name HAL_StatusTypeDef HAL_TIM_Base_ Stop_DMA
(TIM_HandleTypeDef * htim)

Function description Stops the TIM Base generation in DMA mode.

Parameters . htim: : TIM handle

Return values . HAL: status

UNIVERSITAT Sistemas Embebidos
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(Basic) TIM6 ["5[:

HAL estructuras (basic)

65.1.1 TIM_Base_InitTypeDef
Data Fields

uint32_t Prescaler

uint32_t CounterMode
uint32_t Period

uint32_t ClockDivision
uint32_t RepetitionCounter
uint32_t AutoReloadPreload

Field Documentation

UNIVERSITAT
POLITECNICA
DE VALENCIA

uint32_t TIM_Base _InitTypeDef::Prescaler

Specifies the prescaler value used to divide the TIM clock. This parameter can be a
number between Min_Data = 0x0000 and Max_Data = OxFFFF

uint32_t TIM_Base_InitTypeDef::CounterMode

Specifies the counter mode. This parameter can be a value of TIM_Counter_Mode
uint32_t TIM_Base _InitTypeDef::Period

Specifies the period value to be loaded into the active Auto-Reload Register at the
next update event. This parameter can be a number between Min_Data = 0x0000 and
Max_Data = OxFFFF.

uint32_t TIM_Base _InitTypeDef::ClockDivision

Specifies the clock division. This parameter can be a value of TIM_ClockDivision
uint32_t TIM_Base_InitTypeDef::RepetitionCounter

Specifies the repetition counter value. Each time the RCR downcounter reaches zero,
an update event is generated and counting restarts from the RCR value (N). This
means in PWM mode that (N+1) corresponds to:the number of PWM periods in edge-
aligned modethe number of half PWM period in center-aligned mode This parameter
must be a number between Min_Data = 0x00 and Max_Data = 0xFF.

Note:This parameter is valid only for TIM1 and TIMS.

uint32_t TIM_Base _InitTypeDef::AutoReloadPreload

Specifies the auto-reload preload. This parameter can be a value of

TIM _AutoReloadPreload

Sistemas Embebidos

Timers




Ejemplo 015G
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« Del firmware. Con TIM3 generar una interrupcion a 1 Hz. (main.c)

In this example TIM3 input clock (TIM3CLK) is set to APB1 clock (PCLK1l),
since APBl prescaler is egual to 1. /* Private wvariables ————————————————]

TIM3CLK = PCLK1 /* TIM handle declaration */

PCLK1 = HCLK TIM HandleTypeDef TimHandle;
=> TIM3CLK = HCLK = SystemCoreClock —

To get TIM3 counter clock at 10 KHz, the Prescaler is computed as following:
Prescaler = (TIM3CLK / TIM3 counter clock) - 1
Prescaler = (SystemCoreClock /10 KHz) - 1

Note:

SystemCoreClock variable holds HCLK frequency and is defined in system stm3214xx.c file.
Each time the core clock (HCLK) changes, user had to update SystemCoreClock

variable wvalue. Otherwise, any configuration based on this wvariable will be incorrect.
This wvariable is updated in three ways:

1) by calling CMSIS function SystemCoreClockUpdate ()

2) by calling HAL API function HAL RCC GetSysClockFreq()

3) each time HAL RCC ClockConfig() is called to configure the system clock frequency

/* Compute the prescaler value to have TIMx counter clock equal to 10000 Hz */
uwPrescalerValue = (uint32 t) (SystemCoreClock / 10000) - 1;

/* 8et TIMx instance */ NOTA:

TimHandle.Instance = TIMa;

Antes de usar el timer habra que hacer
__HAL _RCC_TIM3 CLK_ENABLE();

Si se usan interrupciones (como este caso) hacer:
HAL_NVIC EnableIRQ(TIMx_IRQn);

UNIVERSITAT Sistemas Embebidos — e

POLITECNICA
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« Del firmware. Con TIM3 generar una interrupcion a 1 Hz. (main.c)

/* Initialize TIMx peripheral as follows:

+ Period = 10000 - 1

+ Prescaler = (SystemCoreClock/10000) - 1
+ ClockDivision = 0
J’_

Counter direction = Up
*/
TimHandle.Init.Period = 10000 - 1;
TimHandle.Init.Prescaler = uwPrescalerValue;
TimHandle.Init.ClockDivision = 0;
TimHandle.Init.CounterMode = TIM COUNTERMODE UP;
TimHandle.Init.RepetitionCounter = 0;
if (HAL TIM Base Init(&TimHandle) != HAL OK)

{
/* Initialization Error */
Error Handler():

}

/*##-2— Start the TIM Base generation in interrupt mode #######44+4444444444~/
/* BStart Channell */
if (HAL TIM Base Start IT(&TimHandle) != HAL OK)
{
/* Starting Error */
Error Handler ()

}

while (1)
{
}

UNIVERSITAT Sistemas Embebidos
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Ejemplo 015G
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« Del firmware. Con TIM3 generar una interrupcion a 1 Hz. (*_it.c)

/"-k-).--k-k-k-k-k-k-).--k-k-).--).—-k-).—-k-k-k-k-k-k-J.--).--k-k-).—-k-k-k-k-k-).—-).--k-k-).--k-k-k-k-k-k-k-.\--k-).--).--k-).—-).—-k-k-k-k-k-).—**********************/

/* STM32L4xx Peripherals Interrupt Handlers =/
/* Add here the Interrupt Handler for the used peripheral (s) (PPP), for the */
/* available peripheral interrupt handler's name please refer to the startup */

/* file (startup stm3214xx.s). =/
/'k'k'k'k'k'k'k'k'k*'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k*'k'k'k'k'k'k'k'k'k*'k'k'k'k'k'k'p\"k'k'k'k'k'k'k'k'k*'k'k**********************f

|/-k-k
* @brief This function handles TIM interrupt request.
* @param None
* @retval None
o x/
void TIM8 IRQHandler (void)
I{
HAL TIM IRQHandler (&TimHandle) ;

1

JNIVERSITAT Sistemas Embebidos
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Ejemplo 015G
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« Del firmware. Con TIM3 generar una interrupcion a 1 Hz. (main.c)
* Y el “callback” ese

]f,.f’-k*
* @brief Period elapsed callback in non blocking mode
* {@param htim : TIM handle
* @retval None

. T
void HAL TIM PeriodElapsedCallback (TIM HandleTypeDef *htim)
iR

BSP LED Toggle (LEDZ);

}

JNIVERSITAT Sistemas Embebidos
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Como: pausa de precision 015G
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» Se desean realizar pausas/retardos con una resolucion de 1 uS
» Prototipo propuesto void delayus(uint32 _t microseconds);
» Valores entre 1 y 50000000 (a ojo). Cuidado con el O
* No hace falta usar interrupciones
« Pensemos ...

« Plasmemos ...

JNIVERSITAT Sistemas Embebidos
LITECNICA )
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Como: pausa de precision

Pistas (a pelo también es factible)

__HAL TIM_GET_FLAG

__HAL_TIM_CLEAR_FLAG

UNIVERSITAT

POLITECNICA
DE VALENCIA

- [RTvIRTe

Description:

e  Check whether the specified TIM interrupt
flag is set or not.

Parameters:

e _ HANDLE_ : specifies the TIM Handle.
_ FLAG_ : specifies the TIM interrupt flag
to check. This parameter can be one of the
following values:
—  TIM_FLAG_UPDATE: Update interrupt
flag
Return value:

e The:new state of _ FLAG__ (TRUE or
FALSE).

Description:
e  Clear the specified TIM interrupt flag.
Parameters:

e _ HANDLE_ : specifies the TIM Handle.
_ FLAG__: specifies the TIM interrupt flag
to clear. This parameter can be one of the
following values:
- TIM_FLAG_UPDATE: Update interrupt
flag

Sistemas Embebidos
Timers

:DISCH:

DEPARTAMENT D'INFORMATICA
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Como: pausa de precision 015G
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« Pistas (a pelo también es factible)

_ HAL_TIM_SET_COUNTER Description:

e  Set the TIM Counter Register value on
runtime.

Parameters:

e« _ HANDLE_ : TIM handle.
e  COUNTER__: specifies the Counter
register new value.

Return value:
. None

__ HAL_TIM_GET_COUNTER Description:

» Getthe TIM Counter Register value on
runtime.

Parameters:
e  HANDLE :TIM handle.
Return value:

. 16-bit: or 32-bit value of the timer counter
register (TIMx_CNT)

UNIVERSITAT Sistemas Embebidos
POLITECNICA
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Como: contar cosas T
* Es necesario hacer llegar una senal digital al reloj
» O el dispositivo externo ya la proporciona

O usamos los comparadores y/o op. amp. para preamplificacion y
filtrado

* Propuesta: “cuenta coches” de la practica con un timer

» Se uso la entrada PC13 (pulsador azul) ... -> ver opciones con
STM32Cube ... -> jagua!

» Veamos si algun “general pourpose timers” nos salva ...

UNIVERSITAT Sistemas Embebidos
POLITECNICA
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o TIM2/TIM3/TIM4/TIM5
31.2 TIM2/TIM3/TIM4/TIM5 main features

General-purpose TIMx timer features include:
e 16-bit (TIM3, TIM4) or 32-bit (TIM2 and TIM5) up, down, up/down auto-reload counter.

e 16-bit programmable prescaler used to divide (also “on the fly") the counter clock
frequency by any factor between 1 and 65535.

s Up to 4 independent channels for:
— Input capture
—  OQutput compare
—  PWM generation (Edge- and Center-aligned modes)
—  One-pulse mode output

¢  Synchronization circuit to control the timer with external signals and to interconnect
several timers.

e Interrupt/DMA generation on the following events:

—  Update: counter overflow/underflow, counter initialization (by software or
internal/external trigger)

—  Trigger event (counter start, stop, initialization or count by internal/external trigger)
—  Input capture
—  Output compare

e  Supports incremental (quadrature) encoder and hall-sensor circuitry for positioning
purposes

e  Trigger input for external clock or cycle-by-cycle current management

UNIVERSITAT Sistemas Embebidos
] POLITECNICA Timers
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* TIM2/TIM3/TIM4/TIMS

Figure 286. General-purpose timer block diagram

Internal clock (CK_INT) R
TIMXCLK from RCC j Trigger
ETRF controller
TIMx ETRE ETR Polarity selection & edge| ETRP Inout filter \ TRGO >
- [ detector & prescaler to other timers
to DAC/ADC
ITRO - TGl
ITR1 »| TR AN Siave
ITR2 - TRC TRGI _||controller| | Reset, enable, up, count
ITR3 "Il mode
THF_ED
i
TIHFP1 »| |Encoder
TIZFP2 | | interface
— ‘ Auto-reload register | ul
Stop, clear or upf'downU J‘J
CK_ PSC [ PSC |CK CNT [/ e
» e o , ‘ CNT counter ‘
=1 N o oStu I I T T e _

UNIVERSITAT Sistemas Embebidos
POLITECNICA )
DE VALENCIA Timers




Como: contar cosas |]|5[:'H'

DE SISTEMES | COMPUTADORS

« HAL funciones (Peripheral Control)

HAL_TIM_ConfigClockSource

Function name HAL_StatusTypeDef HAL_TIM_ConfigClockSource
(TIM_HandleTypeDef * htim, TIM_ClockConfigTypeDef *
sClockSourceConfig)

Function description Configures the clock source to be used.

Parameters « htim: TIM handle
sClockSourceConfig: pointer to a TIM_ClockConfigTypeDef
structure that contains the clock source information for the
TIM peripheral.

Return values . HAL: status

HAL_TIMEx_MasterConfigSynchronization

Function name HAL_StatusTypeDef
HAL_TIMEx_MasterConfigSynchronization
(TIM_HandleTypeDef * htim, TIM_MasterConfigTypeDef *
sMasterConfig)

Function description Configures the TIM in master mode.

Parameters « htim: TIM handle.
sMasterConfig: pointer to a TIM_MasterConfigTypeDef

structure that contains the selected trigger output (TRGO) and
the Master/Slave mode.

Return values . HAL: status

UNIVERSITAT Sistemas Embebidos
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HAL estructuras (Peripheral Control)

TIM_ClockConfigTypeDef
Data Fields

uint32 t ClockSource
uint32_t ClockPolarity
uint32 t ClockPrescaler
uint32_t ClockFilter

Field Documentation

e wint32 t TIM ClockConfigTypeDef::ClockSource
TIM clock sources This parameter can be a value of TIM_Clock_Source
e wint32 t TIM ClockConfigTypeDef::ClockPolarity
TIM clock polarity This parameter can be a value of TIM_Clock_Polarity
e wint32 t TIM ClockConfigTypeDef::ClockPrescaler
TIM clock prescaler This parameter can be a value of TIM_Clock_Prescaler
s wint32 t TIM_ClockConfigTypeDef::ClockFilter
TIM clock filter This parameter can be a number between Min_Data = 0x0 and

Max_Data = 0xF 65.1.8  TIM_MasterConfigTypeDef
Data Fields

e uint32_t MasterOutputTrigger
s wint32_t MasterOutputTrigger2
+«  uint32_t MasterSlaveMode

Field Documentation

o uint32_t TIM_MasterConfigTypeDef::MasterOutputTrigger
Trigger output (TRGO) selection This parameter can be a value of
TIM Master Mode Selection

o wint32_t TIM_MasterConfigTypeDef::MasterOutputTrigger2
Trigger output2 (TRGO2) selection This parameter can be a value of
TIM Master Mode Selection 2

« uint32_t TIM_MasterConfig TypeDef::MasterSlaveMode
Master/slave mode selection This parameter can be a value of
TIM _Master Slave Mode

UNIVERSITAT Sistemas Embebidos
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« Ejemplo generado con el Cube

/* TIM2 init function */
static void MX TIMZ Init (void)
=R

x;MWQ$9Q£§QH£$Q$XE§Q§i sClockSourceConfig;

sMasterConfig;

htim?2.Instance = TIM2;
htim2.Init.Prescaler = 0;
htim2.Init.CounterMode =
htimZ2.Init.Period = 0;

htim2.Init.ClockDivision = iiMWQngﬁgiylﬁigﬁWQLXA;

htim2.Tnit.AutoReloadPreload I'T [ RELOAD..
if (HAL.TIM.Base.Init (&htim2) != HAL OK)
El {

_Error Handler(_ FILE , LINE );
}

sClockSourceConfig.ClockSource = TIM CLOCKSQURCE ETRMODEZ;
sClocksourceConfig-ClockPolarity = TIM, CLOCKEQLARITY, INVERTED:
aClockSourceConfig.ClockPrescaler = TIM CLOCKPRESCATER DIVL:
sClockSonrceConfig.ClockFilter = 0;

if (HAgmxgﬂwgggi$g§¢ggg§9ggg§(&htlm2 &sClockSourceConfig) != HAL OK)
3 |

_Error Handler( FILE , LINE );
}

sMasterConfig. MasterOutputTriqqer = TIM.TRGQ.RESET;

gMgﬁL@;Qggi;g MasterSlaveMode =
if

!= HAL OK)

_Error Handler( FILE , LINE );

UNIVERSITAT Sistemas Embebidos
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Como: generar senal PWM ["5[:
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« PWM (Pulse-width modulation)
» Técnica basica para DDC (direct digital control)
» Pretende generar una senal analdgica a partir de integrar una digital

» Supereficiente: fuentes conmutadas, amplificadores audio, control
iluminacion, control motores ... mucho mejor que amplis lineales

130 TEMPORIZADORES Y CONTADORES

+5V~s- e -1: i ] o e A s S 2'5 V. modulacion del 50%
oV : L

+SVH ‘j j 1'25 V. modulacién del 25%
ovi T T

+5vl 1 .
] 5 V. modulacioén del 100%
OV' .
+5VE E
: ; 0 V. modulacion del 0%
OVi=ssssmmm oo n = m o
.4—T'—~—>,

Figura 5-6. Diferentes niveles de una modulaciéon PWM
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Como: generar senal PWM e
« Un timer es la manera razonable de hacerlo
« La senal “cutrePWM?” de la practica anterior es un principio ... cutre
* Quiza con el mecanismo de autorrecarga/periodo ... y algo mas
* jAnda! ;Qué puineta es esto del compare/capture?

— ‘ Auto-reload register | ul
Stop, clear or up!downL dhad
CK_PSC [ PSC |CK_CNT : e
= s =", | ¥~  CNT counter |
prescaler
E\ijl U U ccl
XOR TIHFP1 ~a “OCAREF
T Input filter & TIFP2 | ' |prescaler /C1PS | ‘Capture!Compare 1 registerl—’ Output| OCT [ ] TIMx_CH1
edge detector |_' z control
L
TIMx_CH1 TRC > |
| ccal

21

* jAcurrar! Busquemos en el RM.
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| POLITECNICA

DE VALENCIA Timers




DISG

CO m O : g e n e ra r S e ﬁ a | PW M DEPARTAMENT D'INFORMATICA

DE SISTEMES | COMPUTADORS

« Las HAL ayudan algo. Algunas (hay massss)

HAL_TIM_PWM_Init
Function name HAL_StatusTypeDef HAL_TIM_PWM_Init (TIM_HandleTypeDef
* htim)

Function description Initializes the TIM PWM Time Base according to the specified
parameters in the TIM_HandleTypeDef and initialize the
associated handle.

Parameters +« htim: TIM handle
Return values e HAL: status
HAL_TIM_PWM_ConfigChannel HAL_TIM_PWM_Start
Function name HAL_StatusTypeDef HAL_TIM_PWM_ConfigChannel Function name HAL_StatusTypeDef HAL_TIM_PWM Start
(TIM_HandleTypeDet * htim, TIM_OC_InitTypeDef * sConfig, (TIM_HandleTypeDef * htim, uint32_t Channel)
uint32_t Channel) Function description  Starts the PWM signal generation.
Function description Initializes the TIM PWM channels according to the specified Parameters e  htim: : TIM handle
parameters in the TIM_OC_InitTypeDef. ¢ Channel: : TIM Channels to be enabled This parameter can
Parameters «  htim: TIM PWM handle be one of the following values:

—  TIM_CHANNEL_1: TIM Channel 1 selected
) . —  TIM_CHANNEL_2: TIM Channel 2 selected
Chagnel. : T:I\:Ihcr;al?ne_ls to ble colnflgured This parameter —  TIM_CHANNEL 3: TIM Channel 3 selected
can Tem‘/"”‘éa ANE&"‘;{"}?J%‘;BS' 1 selected —  TIM_CHANNEL_4: TIM Channel 4 selected
- — - annet 1 selecte TIM_CHANNEL_5: TIM Channel 5 selected
- lM—gm::Et—g Em gEa””e: g Se:ecleg —  TIM_CHANNEL_6: TIM Channel 6 selected
- | 3 annel 3 selectel

—  TIM_CHANNEL_4: TIM Channel 4 selected Return values + HAL: status

— TIM_CHANNEL 5: TIM Channel 5 selected

— TIM_CHANNEL_86: TIM Channel 6 selected

Return values . HAL: status

sConfig: TIM PWM configuration structure
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 Estructuras del HAL

65.1.2  TIM_OC_lInitTypeDef
Data Fields

uint32_t OCMode
uint32_t Pulse
uint32_t OCPolarity
uint32_t OCNPolarity
uint32_t OCFastMode
uint32_t OCldleState
e uint32_t OCNIdleState

Field Documentation

s uint32 t TIM_OC InitTypeDef::0CMode
Specifies the TIM mode. This parameter can be a value of
TIM_OQutput_Compare_and PWM_modes
o uint32_t TIM_OC InitTypeDef::Pulse
Specifies the pulse value to be loaded into the Capture Compare Register. This
parameter can be a number between Min_Data = 0x0000 and Max_Data = OxFFFF
s uint32 t TIM_OC _InitTypeDef::OCPolarity
Specifies the output polarity. This parameter can be a value of
TIM_OQutput_Compare_Polarity
o uint32_t TIM_OC_InitTypeDef::OCNPolarity
Specifies the complementary output polarity. This parameter can be a value of
TIM_Output_Compare_N_Polarity
Note:This parameter is valid only for TIM1 and TIM8.
s uint32_t TIM_OC_InitTypeDef::0OCFastMode
Specifies the Fast mode state. This parameter can be a value of
TIM_OQutput_Fast_State
Note:This parameter is valid only in PWM1 and PWM2 mode.
s uint32_t TIM_OC_InitTypeDef::OCldleState
Specifies the TIM Output Compare pin state during Idle state. This parameter can be a
value of TIM_Oulput Compare_Idle_ State
Note:This parameter is valid only for TIM1 and TIM8.
o uint32 t TIM_OC InitTypeDef::OCNIidleState
Specifies the TIM Output Compare pin state during Idle state. This parameter can be a
value of TIM_Oulput_Compare N _Idie_State
Note:This parameter is valid only for TIM1 and TIM8.
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* Ejemplo (del firmware) El “TIMx” es TIM1 (vaya, el mas complejo)

void HAL TIM PWM MspInit (TIM HandleTypeDef *htim)

ER
GPIC InitTypeDef GPIC InitStruct;
/*##-1- Enable peripherals and GPIO Clocks #####F5F #5455 FF 4458543558558 F458~/
/* TIMz Peripheral clock enable */

TIMx_CLK_ENABLE () ; __HAL RCC_TIM1 CLK_ENABLE ()

/* Enable GPI0O Channels Clock */
TIMx_CHANNEL_GPIO_PORT(); HAL RCC_GPIOA CLK ENABLE ()

1 /* Configure PA.08 (connected to D7 (pin 23 in CN10 connector)) (TIM1 Channell), PA.
PA.11 (pin 14 in CN10 connector) (TIM1 Channel4) in ocutput, push-pull, alternate
S owy
/* Common configuration for all channels */
GPIO_TnitStruct.Mode = GPIO _MODE_AF PP;
GPIO_TnitStruct.Pull = GPIO PULLUE;
GPIO InitStruct.Speed = GPIO SPEED FREQ VERY HIGH;

GPIO InitStruct.Alternate = TIMx GPIO AF CHANNEL1; GPIO AF1 TIM1
GPIO InitStruct.Pin = TIMx GPIO PIN CHANNELI; GPIO PIN 8
HAL GPIO Init (TIMx GPIO PORT CHANNEL1, &GPIO InitStruct);

GPIO InitStruct.Alternate = TIMx GPIO AF CHANNELZ;
GPIO InitStruct.Pin = TIMx GPIO PIN CHANNELZ;
HAL, GPIO Init (TIMx GPIO PORT CHANNELZ, &GPIO InitStruct);

GPIO InitStruct.Alternate = TIMx GPIO AF CHANNEL3;
GPIO InitStruct.Pin = TIMx GPIO PIN CHANNEL3;
HAL, GPIC Init (TIMx GPIO PORT CHANNEL3, &GPIC InitStruct);

GPIO InitStruct.Alternate = TIMx GPIO AF CHANNELA4;
GPIO InitStruct.Pin = TIMz GPIO PIN CHANNELA;
HAL_GPIO_Init (TIMx_GPIO_PORT CHANNEL4, &GPIO_InitStruct);
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Como: generar senal PWM e
« Ejemplo (del firmware) El “TIMx” es TIM1

/* Private typedef - - - -/

#define PERIOD VALUE (uint32 t) (666 - 1) /* Period Value */

#define PULSEl_VALUE (uint32 t) (PERIOD VALUE/Z) /* Capture Compare 1 Valus */
#define PULSEZ_VALUE (uint32_t) (PERIOD VALUE*37.5/100) /* Capture Compare 2 Value */
#define PULSE3_VALUE (uint32_t) (PERIOD VALUE/4) /* Capture Compare 3 Valus */
#define PULSE4_VALUE (uint32_t) (PERIOD_VALUE*1Z2.5/100) /* Capture Compare 4 Value */

| /* Initialize TIMx peripheral as follows:
+ Prescaler = (SystemCoreClock / 16000000) - 1
+ Period = (666 — 1)
+ ClockDivision = 0
+ Counter direction = Up

*/

TimHandle.Instance = TIMx;

TimHandle.Init.Prescaler = uhPrescalervValue;
TimHandle.Init.Period = PERIOD VALUE;
TimHandle.Init.ClockDivision = 0;
TimHandle.Init.CounterMode = TIM COUNTERMODE_UP;

TimHandle.Init.RepetitionCounter = 0;
if (HAL_TIM PWM Init (&TimHandle) != HAL_OK)
[
/* Initialization Error */
Error Handler () :

H

/*##-2- Configure the PWM channels ###############F 1 EFF4FFREEE2FFFRFRREY/

/* Common configuration for all channels */

sConfig.OCMode = TIM OCMODE PWMI1;
sConfig.0OCPolarity = TIM OCPOLARITY HIGH;
sConfig.0CFastMode = TIM OCFAST_DISABLE;
sConfig.OCNPolarity = TIM OCNPOLARITY HIGH;

sConfig.OCNIdleState = TIM OCNIDLESTATE RESET;
sConfig.oCIdleState = TIM OCIDLESTATE RESET;

/* Set the pulse value for chanpel 1 */

sConfig.Pulse = puLsEl varve; € Pulse es en realidad el registro CCR &esto lo repetimos
if (HAL TIM PWM ConfigChannel (&TimHandle, &sConfig, TIM CHANNEL 1) != HAL OK)
| < para todos los canales

/* Configuration Error */ & cambiando PULSEx VALUE

Error_ Handler () ;

H
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Como: generar senal PWM e
Ejemplo (del firmware) El “TIMX” es TIM1

/*##-3—- Start PWM signals generation ###ff#f###4FFFHH44FFFFH4AFFFRRAFHARARETRTY/
/* Btart channel 1 */
if (HAL TIM PWM Start (&TimHandle, TIM CHANNEL 1) != HAL OK)
i
/* PWM Generation Error */
Error Handler();
¥
/* Start channel 2 */
if (HAL TIM PWM Start (&TimHandle, TIM CHANNEL 2) != HAL OK)
i
/* PWM Generation Error */
Error_ Handler () :
H
/* Btart channel 3 */
if (HAL TIM PWM Start (&TimHandle, TIM CHANNEL 3) != HAL OK)
i
/* PWM generation Error */
Error Handler();
}
/* Start channel 4 */
if (HAL TIM PWM Start (&TimHandle, TIM CHANNEL 4) != HAL OK)
i
/* PWM generation Error */
Error Handler():
}

while (1)
{
H
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« Funcionando el PWM podemos actualizar “al vuelo” la modulacion
» (casi al vuelo, algun ano explico los “shadow” registers)

TimHandle.Instance -> CCR1 = 100;

 Desde “Instance” se puede tocar todo. En realidad, cuando usamos

___HAL TIM SET COUNTER (TimHandle, 1987);

« por debajo se hace

TimHandle.Instance -> CNT = 1987;
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 Ahora con el “Cube”
* Nolo he hecho nunca ...
« ¢ Se podra con el LED2 (PA.5)?
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« Ejemplo: servo analogico

« Basado en generar senal con determinada temporizacion

» Tenemos unos Turnigy TG9z socarrados y he pedido SG90 en
Bricogeek de Blackfriday

A Standard/Continues Servo
17-2.0 ms
5 Velt — —-+—
Period: 20 ms
Iikl“:lanl:larc:l.fli'.:nmim.les Servo
0.7-10ms

5 Voit — e

A

Standard Servo
5 voit 1.5ms
—— -

Servo Motor PWM Timing Diagram
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 Ejemplo: servo analogico
* Pensad las funciones adecuada para la biblioteca servo.c
* Y ahora localizad las especificaciones de este servo

* Pregunta: 4 Cuantos servos podemos manejar con el timer que usamos
para PWM?
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« Deberes

» Busca el ejemplo en el firmware y pruébalo. Analizalo.
* Piensallocaliza informacion sobre coOmo hacer una pausa de precision
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« Cajita x1 y x2 que hay en el arbol de relojes delante de los TIMx
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