
LPC1768: TIMERs

 LPC1768 has 8 x 32 bits timers:

 General use: Timers 0, 1, 2, 3, with (at least)
2 Capture Inputs + 4 Match Outputs.

 2 for PWM generation.

 RTC and WDT.

 RIT and SysTick

 Pinned out with a choice of multiple pins for each

 With a programmable 32-bit Preescaler

 Can generate IRQs

 Can generate sampling frequency of ADC.

 GPDMA controller support

 Allows for timed memory-to-memory transfers.
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TIMERs 0/1/2/3

 A minimum of two Capture inputs and four Match outputs 
are pinned out for all four timers, with a choice of multiple pins 
for each. 

 A 32-bit Timer/Counter with a programmable 32-bit Prescaler
Counter or Timer operation.

 Up to two 32-bit capture channels per timer, that can take a 
snapshot of the timer value when an input signal transitions. A capture 
event may also optionally generate an interrupt.

 Four 32-bit match registers that allow:
 Continuous operation with optional interrupt generation on match.

 Stop timer on match with optional interrupt generation.

 Reset timer on match with optional interrupt generation.

 Up to four external outputs corresponding to match registers, 
with the following capabilities:
 Set low, high, toggle or do nothing on match.
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TIMERs 0/1/2/3

 Input Capture (CAPn.0, CAP2.1)
 To measure external signals’ timings (frequency, 

pulse width, etc.)

 Up to 2 32-bit capture channels per timer, 
can take a snapshot of the timer value with input 
signal transitions

 Capture event may also generate an 
interrupt

 Output Compare (MATn.0 … 
MATn.3)
 To generate signals (high precision, 

different types such as PWM)

 4 32-bit match registers that allow:

 Continuous operation

 Stop timer on match

 Reset timer on match

 Match may also generate an interrupt

 Up to 4 external outputs corresponding to match 
registers, with the following capabilities:

 Set low on match. ■ Set high on match.

 Toggle on match. ■ Do nothing on 
match.
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2.2. TIMERs: Registers (I)
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2.2. TIMERs: Registers (II)
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2.2. TIMERs: Registers (III)
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2.2. TIMERs: Registers (IR, TCR)
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2.2. TIMERs: Registers (CCR)
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2.2. TIMERs: Registers (MCR)
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MATn.0

MATn.1

MATn.2

MATn.3



2.2. TIMERs: Registers (EMR)
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2.2. TIMERs: Registers (CCR)
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CAPn.0

CAPn.1



TIMERs: Keil ARM_MDK  Debug Windows

 Pheriferals -> Timers -> Timer 0-1-2-3
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LPC17xx: Timer0 (code example)

 Go to page 490 in the manual and follow the links provided there 

 1. Powering the Timer0 (Table 46, page 63)

LPC_SC->PCONP |= 1 << 1; //Power up Timer 0

 2. After enabling it you need to give the clock for Timer0 (Table 40, page 
56. For Timer2/3 refer Table 41, page 57) Select clock as per your 
requirements.

LPC_SC->PCLKSEL0 |= 1 << 3; // Clock for timer = CCLK/2

 3. Configuring the interrupt LPC1768 contains 4 match registers for each 
timer. These match registers can be used to reset the timer, generate 
interrupt, stop the timer, to generate timing signal on an external pin. Now 
we shall use Timer0 Match0 register to generate the interrupt.

 LPC_TIM0->MR0 = Ftick/Fint; // LED blinking frequency based on 

the clock frequency timer
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LPC17xx: Timer0 (code example)

 4. Configure it as to interrupt when the timer count matches the Match0 
(Table 429, page 496)

LPC_TIM0->MCR |= 1 << 0; // Interrupt on Match0 compare

 5. Reset the timer (Table 427, page 494)

LPC_TIM0->TCR |= 1 << 1; // Reset Timer0

 6. Enable Timer interrupts

NVIC_EnableIRQ(TIMER0_IRQn); // Enable timer interrupt

 5. And finally start the timer (Table 427, page 494)

LPC_TIM0->TCR |= 1 << 0; // Start timer
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LPC17xx: Timer0 (code example)

 Interrupt function:

void TIMER0_IRQHandler (void)

{

if((LPC_TIM0->IR & 0x01) == 0x01) //  MR0 interrupt ?

{

LPC_TIM0->IR |= 1 << 0; // Clear MR0 interrupt flag

LPC_GPIO1->FIOPIN ^= 1 << 29; // Toggle the LED

}

if((LPC_TIM0->IR & 0x02) == 0x02) //  MR1 interrupt ?

…..

…..
}
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Timers: Frequency Measurement (I)

 Caudal meter:
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 Interrupt function:

void TIMER0_IRQHandler (void) // Timer 0 y capture mode (CAP0.0)

{

static uint32_t  temp, float frequency;

LPC_TIM0->IR |= 1 << 4; // Clear CR0 flag interrupt

frequency=Fpclk/(LPC_TIM0->CR0-temp); // frequency in Hz.

caudal=frecuency/7.5; // caudal (L/min).

temp=LPC_TIM0->CR0; // update temp

}



Timers: Frequency Measurement (II)
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Timers: Match and Capture: code example
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P1.29

P1.18

MAT0.1

CAP1.0

10Hz !!



Pulse Width Modulator (PWM)

 A 32-bit Timer/Counter with a programmable 32-bit prescaler.
(may use the peripheral clock or one of the capture inputs as 
the clock source).

 Seven match registers allow up to 6 single edge controlled or 
3 double edge controlled PWM outputs, or a mix of both 
types. 

 The match registers also allow:
 Continuous operation with optional interrupt generation on match.

 Stop timer on match with optional interrupt generation.

 Reset timer on match with optional interrupt generation.
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Pulse Width Modulator (PWM)

 Supports single edge controlled 
and/or double edge controlled 
PWM outputs. 
 Single edge controlled PWM outputs all 

go high at the beginning of each cycle
unless the output is a constant low. 

 Double edge controlled PWM outputs 
can have either edge occur at any 
position within a cycle. This allows for 
both positive going and negative going 
pulses.
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Pulse Width Modulator (PWM)

 Pulse period and width can be any number of timer counts. 

 This allows complete flexibility in the trade-off between resolution 
and repetition rate. 

 All PWM outputs will occur at the same repetition rate.

 Double edge controlled 

PWM outputs can be 

programmed to be either 

positive or negative 

going pulses.

 Shadow latch mechanism.

 Glitch-less operation.

 Match register updates are synchronized with pulse outputs to 
prevent generation of erroneous pulses.

 May be used as a standard timer if the PWM mode is not 
enabled.
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Pulse Width Modulator (PWM)
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Pulse Width Modulator (PWM)

 Shadow latch mechanism:

 When modifying a match register (PWM1MRn) is necessary 
set to  “1” in PMW1LER bit corresponding.
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PWM: Keil ARM-MDK Debug Windows

 Peripherals-> Pulse Width Modulator 1 (PWM 1)
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PWM: Drive DC-motors

 PWM to drive DC-motors
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PWM: Motor speed control
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 Peristaltic Liquid Pump with Silicone Tubing

 PWM1 configuration:

LPC_PINCON->PINSEL4 |= 1<<0; // P2.0 works as PWM1.1 output (table 83)

LPC_SC->PCONP |= 1<<6; // power on

LPC_PWM1->MR0= Fpclk/Fpwm–1;           // set frequency of PWM1

LPC_PWM1->PCR|=1<<9; // PWMENA1=1

LPC_PWM1->MCR|=1<<1; // reset timer on Match0

LPC_PWM1->TCR |= (1<<0) | (1<<3); // start timer, timer enable

void set_duty_cycle_pwm1 (float cycle)
{

LPC_PWM1->MR1= LPC_PWM1->MR0*cycle/100; // duty cycle

LPC_PWM1->LER|= (1 << 1)|(1<<0); // PWMLER[0-1]=1

}



PWM: Motor speed/direction control
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 H-Bridge circuit: 
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PWM: Servomotor control
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 Servomotor 
 Low power motor position-controlled.
 Setpoint fixed with Ton in a fixed T signal (“PWM” type)



PWM: Servomotor code example
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 Control de un servo para implementar un barrido (0-180º) 

180º

90º

0º



PWM: Three-phase motors control
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 PWM to drive three-phase motors (frequency controlled
inverters)



WDT: Watchdog Timer (I)

 Watchdog is a OS tool: CPU grabbing management.

 The Watchdog consists of fixed prescaler (TWDCLK × 4) and a 32-
bit time-out counter.

 Clocked from the RTC, IRC oscillator, 

or the peripheral clock.

 The timer decrements when clocked, and when arrives to 0, it 
may:

 Reset the uC.

 Generate an IRQ.

 Cannot be disabled by software, just in the Reset or IRQ ISRs.

 The maximum + minimum Watchdog intervals are:

 The minimum Watchdog interval is (TWDCLK × 256 × 4)

 The maximum Watchdog interval is (TWDCLK × 232 × 4) in 
multiples of (TWDCLK × 4)
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WDT: Watchdog Timer (II)

 32-bit with programmable time-out.

 Clocked from the IRC, RTC oscillator, or the peripheral clock.

 Cannot be disabled by software.
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WDT: Description

 The Watchdog consists of a divide by 4 fixed prescaler and a 
32-bit counter.

 The timer decrements when clocked. 

 The minimum value from which the counter decrements is 
0xFF. 
 The minimum Watchdog interval is (TWDCLK × 256 × 4)

 The maximum Watchdog interval is (TWDCLK × 232 × 4) in multiples of 
(TWDCLK × 4).

 The Watchdog should be used in the following manner:
 Set the Watchdog timer constant reload value in WDTC register.

 Setup the Watchdog timer operating mode in WDMOD register.

 Enable the Watchdog by writing 0xAA followed by 0x55 to the 
WDFEED register:

LPC_WDT->FEED = 0xAA; /* Feeding sequence */

LPC_WDT->FEED = 0x55;

 The Watchdog should be fed again before the Watchdog counter 

underflows to prevent reset/interrupt.
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WDT: Registers description
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RTC: Real-Time Clock

 Ultra-low power 32 kHz oscillator provides 1 Hz clock to the RTC.

 Separate battery power supply.Uses CPU power supply, when 
present.

 Calibration mechanism.
 ± 1 second per day

 Battery-backed registers.

 Alarm function generates interrupts
 Wakes CPU from reduced power modes.

 1 second resolution.

 Extremely low power consumption
 390 nA (typical @ 25º C)

 Calendar function does not require CPU involvement.
 RTC works with Vbat as low as 2.1 V.

Departamento de Electrónica– UAH 35



RTC: Config. registers
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RTC: Block Diagram
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RTC and WDT: program example (I)
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 RTCPeriodical Interrups at 1 seg. (incremens of 1SEG 
register).

 WDT Timeout = 1 and 2 seg.  Efects?



RTC and WDT: program example (II)
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