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

OO0 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:

B Continuous operation with optional interrupt generation on match.

B Stop timer on match with optional interrupt generation.

B Reset timer on match with optional interrupt generation.

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

MATCH REGISTER 0

0 Input Capture (CAPNn.0, CAP2.1)

B To measure external signals’ timings (frequency,
pulse width, etc.)

B 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.O ... <] nreeeuer

CAP[3:0]

DMA REQUEST[1:0]
M AT n | ] 3 ) DMA CLEAR[1:0]
STOP ON MATCH

B To generate signals (high precision, ResETON AT
different types such as PWM) '

B 4 32-bit match registers that allow:
O Continuous operation

. CAPTURE REGISTER 0 TIMER COUNTER
O StOp timer on match E CAPTURE REGISTER 1 CE

MATCH REGISTER 2

| MATCH REGISTER 1

MATCH REGISTER 3

MATCH CONTROL REGISTER I

EXTERNAL MATCH REGISTER I

CONTROL

A A A

CAPTURE CONTROL REGISTER

RESERVED

O Reset timer on match

Match may also generate an interrupt

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

O  Set low on match. B Set high on match. | PRESCALE COUNTER |t
O Toggle on match. B Do nothing on reset |_mb.e maxval

m atCh . | TIMER CONTROL REGISTER I | PRESCALE REGISTER I

RESERVED
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2.2. TIMERSs: Registers (I)

Table 425. TIMER/COUNTERGO-3 register map

Generic Description

Name
IR

Interrupt Register. The IR can be written to clear interrupts. The IR
can be read to identify which of eight possible interrupt sources are
pending.

Timer Control Register. The TCR is used to control the Timer
Counter functions. The Timer Counter can be disabled or reset
through the TCR.

Timer Counter. The 32-bit TC is incremented every PR+1 cycles of
PCLK. The TC is controlled through the TCR.

Prescale Register. When the Prescale Counter (below) is equal to
this value, the next clock increments the TC and clears the PC.

Prescale Counter. The 32-bit PC is a counter which is incremented
to the value stored in PR. When the value in PR is reached, the TC
is incremented and the PC is cleared. The PC is observable and
controllable through the bus interface.

Match Control Register. The MCR is used to control if an interrupt is
generated and if the TC is reset when a Match occurs.

Access Reset

R/W

Valuelll
0

TIMERN Register/
Name & Address

TOIR - 0x4000 4000
T1IR - 0x4000 8000
T2IR - 0x4009 0000
T3IR - 0x4009 4000

TOTCR - 0x4000 4004
T1TCR - 0x4000 8004
T2TCR - 0x4009 0004
T3TCR - 0x4009 4004

TOTC - 0x4000 4008
T1TC - 0x4000 8008
T2TC - 0x4009 0008
T3TC - 0x4009 4008

TOPR - 0x4000 400C
T1PR - 0x4000 800C
T2PR - 0x4009 000C
T3PR - 0x4009 400C

TOPC - 0x4000 4010
T1PC - 0x4000 8010
T2PC - 0x4009 0010
T3PC - 0x4009 4010

TOMCR - 0x4000 4014
T1MCR - 0x4000 8014
T2MCR - 0x4009 0014
T3MCR - 0x4009 4014

Departamento de Electréonica- UAH




Clectronica

2(C 2.2. TIMERSs: Registers (II)

Table 425. TIMER/COUNTERO-3 register map

Generic Description Access Reset TIMERnN Register/
Name Valuelll Name & Address

MRO Match Register 0. MRO can be enabled through the MCR to reset  R/W 0 TOMRO - 0x4000 4018
the TC, stop both the TC and PC, and/or generate an interrupt T1MRO - 0x4000 8018

every time MRO matches the TC. T2MRO - 0x4009 0018

T3MRO - 0x4009 4018

Match Register 1. See MRO description. TOMR1 - 0x4000 401C
T1MR1 - 0x4000 801C
T2MR1 - 0x4009 001C
T3MR1 - 0x4009 401C

Match Register 2. See MRO description. TOMR2 - 0x4000 4020
T1MR2 - 0x4000 8020
T2MR2 - 0x4009 0020
T3MR2 - 0x4009 4020

Match Register 3. See MRO description. TOMR3 - 0x4000 4024
T1MR3 - 0x4000 8024
T2MR3 - 0x4009 0024
T3MR3 - 0x4009 4024

Capture Control Register. The CCR controls which edges of the TOCCR - 0x4000 4028
capture inputs are used to load the Capture Registers and whether T1CCR - 0x4000 8028
or not an interrupt is generated when a capture takes place. T2CCR - 0x4009 0028

T3CCR - 0x4009 4028
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2.2. TIMERSs: Registers (III)

Table 425. TIMER/COUNTERO-3 register map ...continued

Generic Description
Name

Access Reset
Valuelll

CRO Capture Register 0. CRO is loaded with the value of TC when there RO 0
is an event on the CAPNn.O(CAPQ.0 or CAP1.0 respectively) input.

Capture Register 1. See CRO description.

External Match Register. The EMR controls the external match pins R/W
MATN.0-3 (MATO0.0-3 and MAT1.0-3 respectively).

Count Control Register. The CTCR selects between Timer and
Counter mode, and in Counter mode selects the signal and edge(s)

for counting.

TIMERnN Register/
Name & Address

TOCRO - 0x4000 402C
T1CRO - 0x4000 802C
T2CRO - 0x4009 002C
T3CRO - 0x4009 402C

TOCR1 - 0x4000 4030
T1CR1 - 0x4000 8030
T2CR1 - 0x4009 0030
T3CR1 - 0x4009 4030

TOEMR - 0x4000 403C
T1EMR - 0x4000 803C
T2EMR - 0x4009 003C
T3EMR - 0x4009 403C

TOCTCR - 0x4000 4070
T1CTCR - 0x4000 8070
T2CTCR - 0x4009 0070
T3CTCR - 0x4009 4070
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e 2.2,

TIMERSs: Registers (IR, TCR)

Table 426. Interrupt Register (T[0/1/2/3]IR - addresses 0x4000 4000, 0x4000 8000, 0x4009 0000, 0x4009 4000) bit

description

Bit Symbol

MRO Interrupt

MR1 Interrupt

MR2 Interrupt

MR3 Interrupt

CRQO Interrupt

CR1 Interrupt
316 -

Description Reset
Value

Interrupt flag for match channel 0.
Interrupt flag for match channel 1.
Interrupt flag for match channel 2.
Interrupt flag for match channel 3.
Interrupt flag for capture channel 0 event.
Interrupt flag for capture channel 1 event.
Reserved

Table 427. Timer Control Register (TCR, TIMERn: TnTCR - addresses 0x4000 4004, 0x4000 8004, 0x4009 0004,
0x4009 4004) bit description

Bit Symbol

Description Reset
Value

Counter Enable

Counter Reset

When one, the Timer Counter and Prescale Counter are enabled for counting. When zero, 0
the counters are disabled.

When one, the Timer Counter and the Prescale Counter are synchronously resetonthe 0

next positive edge of PCLK. The counters remain reset until TCR[1] is returned to zero.

Reserved, user software should not write ones to reserved bits. The value read from a NA
reserved bit is not defined.
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2(C 2.2. TIMERSs: Registers (CCR)

Table 428. Count Control Register (T[0/1/2/3]CTCR - addresses 0x4000 4070, 0x4000 8070, 0x4009 0070,
0x4009 4070) bit description

Bit Symbol Value Description Reset
Value

1:0 Counter/ This field selects which rising PCLK edges can increment the Timer’s Prescale Counter 00
Timer (PC), or clear the PC and increment the Timer Counter (TC).
Mode Timer Mode: the TC is incremented when the Prescale Counter matches the Prescale
Register. The Prescale Counter is incremented on every rising PCLK edge.
Counter Mode: TC is incremented on rising edges on the CAP input selected by bits 3:2.
Counter Mode: TC is incremented on falling edges on the CAP input selected by bits 3:2.

Counter Mode: TC is incremented on both edges on the CAP input selected by bits 3:2.

Count When bits 1:0 in this register are not 00, these bits select which CAP pin is sampled for 00
Input clocking.

Select [oo CAPN.0 for TIMERn]

01 CAPN.1 for TIMERnN
10 Reserved

11 Reserved

Note: If Counter mode is selected for a particular CAPn input in the TnNCTCR, the 3 bits
for that input in the Capture Control Register (ThCCR) must be programmed as 000.
However, capture and/or interrupt can be selected for the other 3 CAPn inputs in the
same timer.

Reserved, user software should not write ones to reserved bits. The value read from a NA
reserved bit is not defined.
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%e: 2.2. TIMERs: Registers (MCR)

Table 429. Match Control Register (T[0/1/2/3]MCR - addresses 0x4000 4014, 0x4000 8014, 0x4009 0014, 0x4009 4014)
bit description

Bit Symbol Value Description Reset
Value

MROI Interrupt on MRO: an interrupt is generated when MR0 matches the value in the TC. 0
This interrupt is disabled
MROR Reset on MRO: the TC will be reset if MRO matches it.

MATn . O Feature disabled.

MROS Stop on MRO: the TC and PC will be stopped and TCRJ[0] will be set to 0 if MRO matches
the TC.

Feature disabled.

Interrupt on MR1: an interrupt is generated when MR 1 matches the value in the TC.
This interrupt is disabled

Reset on MR1: the TC will be reset if MR1 matches it.

Feature disabled.

Stop on MR1: the TC and PC will be stopped and TCRJ[0] will be set to 0 if MR1 matches
the TC.

Feature disabled.

Interrupt on MR2: an interrupt is generated when MR2 matches the value in the TC.
This interrupt is disabled

Reset on MR2: the TC will be reset if MR2 matches it.

MATn . 2 Feature disabled.

Stop on MR2: the TC and PC will be stopped and TCR[0] will be set to 0 if MR2 matches
the TC.

Feature disabled.

Interrupt on MR3: an interrupt is generated when MR3 matches the value in the TC.
This interrupt is disabled

Reset on MR3: the TC will be reset if MR3 matches it.

Feature disabled.

Stop on MR3: the TC and PC will be stopped and TCR[0] will be set to 0 if MR3 matches
the TC.

Feature disabled.
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2.2. TIMERs: Registers (EMR)

Table 431. External Match Register (T[0/1/2/3]EMR - addresses 0x4000 403C, 0x4000 803C, 0x4009 003C,
0x4009 403C) bit description

Bit

Symbol

EMO

Description

External Match 0. When a match occurs between the TC and MRO, this bit can either toggle, go
low, go high, or do nothing, depending on bits 5:4 of this register. This bit can be driven onto a
MATN.0 pin, in a positive-logic manner (0 = low, 1 = high).

External Match 1. When a match occurs between the TC and MR1, this bit can either toggle, go
low, go high, or do nothing, depending on bits 7:6 of this register. This bit can be driven onto a
MATN.1 pin, in a positive-logic manner (0 = low, 1 = high).

External Match 2. When a match occurs between the TC and MR2, this bit can either toggle, go
low, go high, or do nothing, depending an bits 9:8 of this register. This bit can be driven onto a
MATN.2 pin, in a positive-logic manner (0 = low, 1 = high).

External Match 3. When a match occurs between the TC and MR3, this bit can either toggle, go
low, go high, or do nothing, depending an bits 11:10 of this register. This bit can be driven onto a
MATN.3 pin, in a positive-logic manner (0 = low, 1 = high).

External Match Control 0. Determines the functionality of External Match 0. Table 432 shows the
encoding of these bits.

External Match Control 1. Determines the functionality of External Match 1. Table 432 shows the
encoding of these bits.

External Match Control 2. Determines the functionality of External Match 2. Table 432 shows the
encoding of these bits.

External Match Control 3. Determines the functionality of External Match 3. Table 432 shows the
encoding of these bits.

Reserved, user software should not write ones to reserved bits. The value read from a reserved
bit is not defined.
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%e: 2.2. TIMERSs: Registers (CCR)

Table 430. Capture Control Register (T[0/1/2/3]CCR - addresses 0x4000 4028, 0x4000 8020, 0x4009 0028,
0x4009 4028) bit description

Bit Symbol Value Description

CAPORE 1 Capture on CAPN.0 rising edge: a sequence of 0 then 1 on CAPN.0 will cause CR0O to be
loaded with the contents of TC.

This feature is disabled.

CAPOFE - Capture on CAPN.0 falling edge: a sequence of 1 then 0 on CAPN.0 will cause CRO to be
loaded with the contents of TC.

This feature is disabled.
CAPOI ’ Interrupt on CAPR.0 event: a CRO load due to a CAPn.0 event will generate an interrupt.
This feature is disabled.

CAPIRE ~ Capture on CAPN_1 rising edge: a sequence of 0 then 1 on CAPn_1 will cause CR1 to be
loaded with the contents of TC.

This feature is disabled.

CAP1FE ~ Capture on CAPnN.1 falling edge: a sequence of 1 then 0 on CAPN_1 will cause CR1 to be
loaded with the contents of TC.

This feature is disabled.

Interrupt on CAPN.1 event: a CR1 load due to a CAPn.1 event will generate an interrupt.

This feature is disabled.

Reserved, user software should not write ones to reserved bits. The value read from a
reserved bit is not defined.
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= TIMERs: Keil ARM_MDK Debug Windows

[0 Pheriferals -> Timers -> Timer 0-1-2-3
Timer O E|

Prezcaler Timer |nterrupt Reaister
PR: (00000000 TCR: |0=00000000 Enahil
P a | Enatle IF:: [0+00000000
PC: | 0x00000000 TC: | Q00000000 [ Reset

b atch Channels

MCR: |0=00000000 EMRA: |0x00000000
MAQD: | 000000000 A1 | 000000000 MAZ: |EI:-:EIEIEIEIEIEIEIEI MA2: |EI:-:EIEIEIEIEIEIEIEI

[ Interrupt on MAD [ Interrupt on kMMAT [ Interrupt on MAZ [ Interrupt on MA3
[ Resget on MRO [ Resget on MRE1 [ Resgeton MRE2 [ Resgeton MRE3
[ Stop on MBO [ Stop on MA1 [ Stop on MAZ [ Stop on MA3

EMCO: |Mothing EMCI: |Mothing EMCE: |Mothing EMCE: |Mothing

[ Esternal Match 0 [ Esternal Match 1 [ Esternal Match 2 [ Esternal Match 3
[ MRD Interrupt [ MRBT Interrpt [ MRZ Interrpt [ MBI Interrupt

Capture Channels
CCR: |0x00000000

CRO: |0x00000000 CR1: |0x00000000

[~ RizingEdge0 [ Rizing Edge 1

[ Falling Edge 0 [ Falling Edge 1

[ Interrupt on Event 0 [ Interrupt on Event 1
[ [

[ CRO Interrupt [ CR1 Interrupt

Count Control
CTCR: | 000000000 Made: | Timer | Counterlnput: |C&P0D +
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LPC17xx: Timer0O (code example)

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

1. Powering the TimerO (Table 46, page 63)
LPC_SC->PCONP |=1<<1; //Power up Timer 0

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

LPC_SC->PCLKSELO |= 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 Timer0O MatchO register to generate the interrupt.

LPC_TIMO->MRO = Ftick/Fint; // LED blinking frequency based on
the clock frequency timer
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a(C LPC17xx: TimerO (code example)

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

LPC_TIMO->MCR |= 1 << 0; // Interrupt on MatchO compare

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

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

6. Enable Timer interrupts

NVIC_EnableIRQ(TIMERO_IRQn); // Enable timer interrupt

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

LPC_TIMO->TCR |= 1 << 0; // Start timer
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LPC17xx: Timer0O (code example)

[0 Interrupt function:

void TIMERO_IRQHandler (void)

{
iIf((LPC_TIMO->IR & 0x01) == 0x01) // MRO interrupt ?

{
LPC_TIMO->IR |= 1 << 0; // Clear MRO interrupt flag

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

if((LPC_TIMO->IR & 0x02) == 0x02) // MR1 interrupt ?
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e Timers: Frequency Measurement (I)

0 Caudal meter:

wiarking Yoltage: 5 to 18WDC

Max current draw: 15mA @ S

warking Flow Rate: 1 to 30 Liters/Minute
warking Temperature range: -25 to §0°C
Working Humidity Range: 35%-80% RH
Maxirnurn water pressure: 2.0 MPa
Output duty cycle: 50% +-10%:

Qutput Fise tirme: 0.04u0s

Qutput fall timme: 0.18us

Flow rate pulse characteristics: Frequency (Hz) = 7.5 * Flow rate (L/min)
Pulses per Liter: 450

Durability: minimum 300,000 cycles

0 Interrupt function:

void TIMERO_IRQHandler (void) // Timer 0 y capture mode (CAPO.0)

{
static uint32_t temp, float frequency;
LPC_TIMO->IR |= 1 << 4; // Clear CRO flag interrupt
frequency=Fpclk/(LPC_TIMO->CRO-temp); // frequency in Hz.
caudal=frecuency/7.5; // caudal (L/min).
temp=LPC_TIMO->CRO; // update temp
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?‘e; Timers: Frequency Measurement (II)

3.5TO 12V

_mex ] HS1101 Relative Humidity Sensor

R3 1k
] = rour

TLC555

v TH
o
[

=

Va
— Hs1ixx  ien=C @ % RH * (R2 + R4) * In2

180p@55%RH tow = C @ % RH * R2 * In2
F = 1/(tugn + tow) = 1/(C @ % RH * (R4 +2 * R2) * In2)

Typical Characteristics for Frequency Output Circuits
REFERENCE POINT AT 6660Hz FOR 55%RH / 25°C

RH 0 10 20 30 40 50 60 70 80 90
Frequency 7351 17124 7100 6976 6853 6728 6600 6468 6330 6186

Typical for a 555 Cmos type. TLC555 (RH : Relative Humidity in %, F : Frequency in Hz)

Polynomial response :
Fies(Hz) = F55(H7)(1.1038-1.936810° 2 xRH+3.011410°6 xRH2-3.440310°8 xR H?)
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Timers: Match and Capture: code example

10Hz !!
int main (void)

I P1.29
uint3Z_t i; —
| 4%

Pl.Z2%: MRTO.1 , Pl.lg: CRPL.O
A.',I'

LBC_SC-=POONP|=(l<<1) | {1=<<Z); Sf Power ON: Timer 0 and Timer 1 and Timer Z

LPC PINCON-=PINSELZ|= 0x0C000000; //7

LPC PINCON->=PINSELZ2|= 0x00000020; J/2

|_.I'.I.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J..I.J..I.J.J.J.J.J.J.J.J..I.J..I.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J..I.J..I.J.J.J.J.J.J.J.J.
Timerd (3Zbkit)
L I b i o I
Timer 0 en modo Cutput Compare (reset TOTC on Match 1)
Timer clk: 25 MHd
M2TO.1 : Om match Toggle pinfoutput (Pl._25%) -—> LED D2 blueboard

LW
! ginclude <LPC17xx H=

F_cpu 100e& // Defecto Eeil (xtal=1ZMhz)
F pelk F cpufd /) Defecto despues del reset
fdefine F_parpadeo Z0 S Cada 50ms cambia de estado &l pin FL_ZS5
float frecuencia;
uint3Z t HN; A4 wariable glokal para trazar el N° de cuentas entre flancos

LPC TIMO->PR = 0Ox0000; £

LPC TIMO->MCR = 0x0010; /J/?

LPC TIMO->MR1 = F pclk/F parpadec-l1; /77
LPC TIMO->EMR = 0:00CZ; £

LPC TIMO->TCR = 0xz0l; £

| ke e e ke e e ke ke e ke sk ke e ke ek sk ke e e ke e ke ke ke ok e e e e ok e ke ek e i

Jf ISR Timer 1
vold TIMER]1 IRQHandler (wvoid) {
static uint3Z t temp;
LBC_TIM1->IR|= (l=<4); S borra el flag
H=LPC_ TIHM1->CRO-temp; ff H® de cuentas de T1TC entre dos flancos consecutivos
frecuencia=F pclk/N; ff frecuencia en Hz.
terp=LPC_TIM1->CRO; S almacenamos la captura

Timerl (3Zbit)
Rokkkok okok ook ok ok ok ok ok ok ok ok ke ok ok ok ok ke k ok ok ok ok ok k okok ok ok ok ok ok ok ok ok ok ok ok ok okk ok ok ok ok ok ok ok ok ok okeok ok koM
Timer 1 en modo Captura (CAPL.Q)
Timer clk: 25 MHz (defecto reset)
CCR1.0 : Captura en flanco de bajada, ¥ genera interrupcidr

LPC TIM1->PR = 0Ox0000; fFe2
LPC TIM1->-MCR = 0x0000; /72
LPC TIM1-=CCR = 0x=000&; /f/72
LPC_TIM1-=EME = 0x=0000; /f/2
LPC_TIM1-=TCR = 0O=0l; fFi2

NVIC SetPriority(TIMERL IRQn, 1);
NVIC EnableIRQ(TIMERL IROn);
HVIC SetPriorityErouping(Z);

while(l);
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Ece Pulse Width Modulator (PWM)

0 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.

[0 The match registers also allow:
B Continuous operation with optional interrupt generation on match.
B Stop timer on match with optional interrupt generation.
B Reset timer on match with optional interrupt generation.
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- Pulse Width Modulator (PWM)

[0 Supports single edge controlled
and/or double edge controlled
PWM outputs. R

B Single edge controlled PWM outputs all
go high at the beginning of each cycle PWM SEL 2
unless the output is a constant low.

- PWM2

Double edge controlled PWM outputs e [ <— PWMENA2
can have either edge occur at any
position within a cycle. This allows for
both positive going and negative going
pulses.

PWMSEL 2

—»—PWM3

—¢— PWM ENA 3

PWM Control Register
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| Pulse Width Modulator (PWM)

AAAAAAAAAA

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

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

m All PWM outputs will occur at the same repetition rate.

< >
Double edge controlled watno I
PWM outputs can be wacn 1 (TR vz | .
programmed to be either Double Edge PWM
positive or negative Maich2 B8

going pulses.

Shadow latch mechanism.

B Glitch-less operation.

B 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)

MATCH
REGISTER 0
MATCH
REGISTER 1
MATCH
REGISTER 2
MATCH
REGISTER 3
MATCH
REGISTER 4
MATCH
REGISTER 3
MATCH
REGISTER &

SHADOW REGISTER 0
LOAD EMABLE
SHADOW REGISTER 1
LOAD EMABLE
SHADOW REGISTER 2
EMABLE
SHADOW REGISTER 3
LOAD EMABLE
SHADOW REGISTER 4
LOAD EMABLE
S%-a‘ﬁnﬁ'EECEEIGTER 3 Match 1
SHADOWREGISTERS |

==
J’ﬁ D000

Match 0

\J YYYYYYYYYYY

af

=

—
—

Match 0

| LOAD ENABLE REGISTER CLE.“.R"J

MATCH CONTROL REGISTER

NTERRUPT REGISTER

CONTROL
MI6:0]
INTERRUPT Y
CAPTURE[1:0] e
STOF ON MATCH _ I
RESET ON MATCH

LOAD[1:0]

CAPTURE CONTROL REGISTER)

CAPTURE REGISTER 0
CAPTURE REGISTER 1
RESERVED
RESERVED

TIMER COUNTER
A

CE

= master PRESCALE COUNTER PWMENAT 6 PWMSEL2 6
L—

disable reset enahle MAXVAL ?
[ TIMER CONTROL REGISTER | PRESCALE REGISTER | [ PwWM CONTROL REGISTER |
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% Pulse Width Modulator (PWM)

0 Shadow latch mechanism:

B When modifying a match register (PWM1MRnN) is necessary
setto "1” in PMWI1LER bit corresponding.

MATCH
REGISTER 0 SHADOW REGISTER 0

LOAD ENABLE
MATCH

REGISTER 1 SHADOW REGISTER 1
MATCH LOAD ENABLE

REGISTER 2 SHADOW REGISTER 2
ATCH LOAD ENABLE

REGISTER 3 SHADOW REGISTER 3
MATCH LOAD ENABLE

REGISTER 4 SHADOW REGISTER 4
MATCH LOAD ENABLE

REGISTER & SHADOW REGISTER 5
MATCH LOAD ENABLE

REGISTER & SHADOW REGISTER &
LOAD ENABLE

NAAAAN

| | l Match 0 ———

T~
1

LOAD ENABLE REGISTER  CLEAR J

e ———
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e PWM: Keil ARM-MDK Debug Windows

[0 Peripherals-> Pulse Width Modulator 1 (PWM 1)

Pulse Width Modulator, 1 (PWM 1)

Prescaler Tirner Intermipt Register
FR: {0=00000000 TCR: |0x00000000 [ Counter Enable

[~ Reset IR: | 0=00000000

PC: |0x00000000 TC: |0x00000000 [~ Pw Enable

Match Channels

| MR | Interupt | Reszet | Stop | MR Int | Latch | Fabd |
00000000H
000ooo00H
000ooo00H
000ooo00H
000ooo00H
000ooo00H
000ooo00H

Selected Channel
MR0: | 0x00000000 [ Interrupt on MRD

[ Match O Latch [~ Reset on MRO
[ MRO Intermpt [~ Stopon MRO

(e B S TR S e "

WCR: |0x00000000 LER: | 2x00000000 PCR: | 000000000

Capture Channels

| CRx | Riging Edge | Falling Edge | Interiupt on Event | CRx Interrput | PCAP Pin |
00000000H 0 n 0
00000000H 0 0 0
00000000H 0 0 0
0 0 0

00000aa0H

Selected Channel

[~ Rising Edge 0 [~ CRO Interrupt

CRO: | Q00000000 [~ FalingEdg=0 I CCR: | Ow00000000
[~ Interrupt on Event 0

Count Contral
CTCR: | 000000000 tode: | Timer ﬂ Counter Input: |PCAP1.0
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% PWM: Drive DC-motors

O PWM to drive DC-motors

Vdd w

Motor-Driver

Power Supply 6

Pulse Width Modulation

Vdd
Motor-Driver
Power Supply

Control

Control
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?'e; PWM: Motor speed control

[0 Peristaltic Liquid Pump with Silicone Tubing

Uses approx 316" (4.8mm) outer diameter silicone tubing, the pump tube size
has changed on us, so please measure the tubing that comes with your pump to
werifyl

wWoaorking Termperature: O°C - 40 °C

Motor waltage: 12WDC

Motor current: 200-300mA

///////////// o 0

Dimensions: 27mm diameter motor, 72mm total length
Mounting holes: 2.7mm diameter, 50mm center-to-center distance

O 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->MRO= Fpclk/Fpwm-1; // set frequency of PWM1 ©2007 David Cook +2.2to +12 VDC
LPC_PWM1->PCR|=1<<9; // PWMENA1=1

LPC_PWM1->MCR|=1<<1; // reset timer on MatchO M1
LPC_PWM1->TCR |= (1<<0) | (1<<3); // start timer, timer enable DC Brush

void set_duty_cycle_pwm1l (float cycle)

{

LPC_PWM1->MR1= LPC_PWM1->MRO*cycle/100; // duty cycle PWM varies

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

PWM: Motor speed/direction control

[0 H-Bridge circuit:

ver

TIF2aC
LEFT 1Ha14
-
T+

|

anid

Figure 1. Typical H-bridge circuit

2 Channels of L293D
t".“ ouT1 0UTS s | TRUTH TABLE
18 3

ENABLE1 | IN1 MOTOR

Stop
Forward

Reverse
ENABLE1 C ) ENABLE2 oc Break
MOTOR
X X Stop

H-High L-Low X-High/lLow Z-HighImpedance

4,.5,6,7
14,15.16,17

nsz129305-9s OUTZ OUT4 he

The L293D Four Channels Motor Driver Truth Table
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PWM: Servomotor control

[0 Servomotor
B Low power motor position-controlled.
B Setpoint fixed with T, in a fixed T signal ("PWM” type)

0.3ms 0.3ms
5y -

H H
o

—— 10a22ms —

15 ms 15 ms

Ll

i— 10422 ms —1

21ms

|

f—— 10a22ms ----—-{
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?'e | PWM: Servomotor code example

O Control de un servo para implementar un barrido (0-18009)

Cl7==.H>
fdefine Fpelk 2526 )/ Fepu/4 (defecto después del reset)
fdefine Tpwm 15=-3 [/ Perido de la =sefial PWM (15ms)
void config pwm? (void)
i
LPC PINCON->PINSEL3|=(2<<B8); // P1l. 2alida PWM (PWM1.2)
LPC_SC->PCONP|=(1l<<§);

LPC_PWM1-3MCR|=(1<<1);
LPC_PWM1->TCR|=(1<<0) | (1<<3);

LEC_PWM1->MRO=Fpclk*Tpwm-1; s o3ms /
LPC_PWM1->PCR|=(1<<10); //configurado el ENA2 (1.2)
U 00 ”

f—— 10a22ms —

Posicion Central

volid set servo(float grados) n
- 15ms 15ms a
a

.[ 5V
LPC_PWM1-3>MR2=(Fpclk*0.32-3 + Fpclk*1l.&e-3*grados/180); ll 9Q0 H

LPC PWM1->LER|=(l<<2) | (1<<O) ov J
:' B [— 10a22ms —{
int main(void)

21ms

i v
unsigned int t; 1800
char i;float gradosl; o ‘

config pwmd () ; f—— 10a22ms ——|
for(i=0ri«<l8:i++) |

variar el limite en simulacidn para ver més rapido la variacidn
set servo(gradosl+=10); S incrementamos la posicidn del serwvo de 10 en 10°

while(l);
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PWM: Three-phase motors control

[0 PWM to drive three-phase motors (frequency controlled
inverters)

Three-phase : Rectifier
Supply : and Filter

1]

f’f
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WDT: Watchdog Timer (I)

Watchdog is a OS tool: CPU grabbing management.

The Watchdog consists of fixed prescaler (Typcx X 4) and a 32-

bit time-out counter. RTC oscillator _\I

Clocked from the RTC, IRC oscillator, pclk
internal RC oscillator _’IJ

or the peripheral clock.

‘ WDCLKSEL ‘

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

B Reset the uC.

B Generate an IRQ.

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

The maximum + minimum Watchdog intervals are:
B The minimum Watchdog interval is (Typck X 256 X 4)

B The maximum Watchdog interval is (Typcx X 232 X 4) in
multiples of (Typcik X 4)
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2(C WDT: Watchdog Timer (II)

0 32-bit with programmable time-out.
[0 Clocked from the IRC, RTC oscillator, or the peripheral clock.
[0 Cannot be disabled by software.

Watchdog Timer E|

feed sequence tode Register

[ WDEN
l foed ok WwDMOD: [0x00 I wWDRESET

WDFEED T\/ Disabled | WDTOF

feed error [ WDINT
RTC oscillator .
pelk : 32-BIT DOWN COUNTER Timer Constant & Yalue

internal RC oscillator WDTC: |Ox000000FF
count WO, |0=000000FF

| under‘ﬂowl T enable

WDCLKSEL WDTV

Feed Reqister

WDFEED: |0=00 Reset

SHADOW BIT Clock Source Selection Register

WOCLKSEL: |0=00000000 [ WDLOCE.

WDSEL: |Intemnal RC Osc |

Il WMOD register

| woinT | woToF |woreseT | woeN | WwDCLK: | 4.000000 MHz

» reset

» interrupt

Fig 132. Watchdog block diagram
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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

OxFF.

B The minimum Watchdog interval is (Typcx X 256 X 4)

B The maximum Watchdog interval is (Typck X 232 X 4) in multiples of
(Twock X 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 OxAA 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.

Departamento de Electréonica- UAH



Clectronica

%

WDT: Registers description

Table 522. Watchdog register map

Name

WDMOD

WDTC

WDFEED

WDTV

WDCLKSEL

Description

Watchdog mode register. This register contains the basic mode and
status of the Watchdog Timer.

Watchdog timer constant register. This register determines the time-out
value.

Watchdog feed sequence register. Writing OxAA followed by 0x55 to this
register reloads the Watchdog timer with the value contained in WDTC.

Watchdog timer value register. This register reads out the current value of
the Watchdog timer.

Watchdog clock source selection register.

Address

0x4000 0000

0x4000 0004

0x4000 0008

0x4000 000C

0x4000 0010
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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. y

Calibration mechanism. e
M + 1 second per day Uttra-low

—> power
selector

Battery-backed registers. | egultor

RTC power

DD(REG)EvE) P to main regulator

Registers

y

Ultra-low
power
oscillator

1 Hz clock Real Time Clock RTC Alarm
“| Functional Block & Interrupt

Alarm function generates interrupts
B Wakes CPU from reduced power modes.
B 1 second resolution.

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

Calendar function does not require CPU involvement.
B RTC works with Vbat as low as 2.1 V.
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%e: RTC: Config. registers

Table 508. Interrupt Location Register (ILR - address 0x4002 4000) bit description

Symbol Description

RTCCIF  When one, the Counter Increment Interrupt block generated an interrupt. Writing a one to this bit
location clears the counter increment interrupt.

RTCALF  When one, the alarm registers generated an interrupt. Writing a one to this bit location clears the
alarm interrupt.

Reserved, user software should not write ones to reserved bits. The value read from a reserved
bit is not defined.

Table 509. Clock Control Register (CCR - address 0x4002 4008) bit description

Bit Symbol Value Description

CLKEN Clock Enable.
The time counters are enabled.

The time counters are disabled so that they may be initialized.

Departamento de Electréonica- UAH



Clectronica

%

Alarm Registers

RTC: Block Diagram

second

minute

—»

hour

day

Y

A J

Y

Y

larm compare

Alarm out
and Alarm
Interrupts >

A

A

A

F Y

Z

Z

)

second

minute

—>

hour

day

Counter
Increment
Interrupts

Time Registers

LSB| |LSB
out set

sign Calibration
bit

calibration compare register

v

calibration compare

match
A 4 wl;

calibration

control counter
logic | reset

calibration counter
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?"e | RTC and WDT: program example (I)

O RTC->Periodical Interrups at 1 seg. (incremens of 1SEG
register).

O WDT Timeout = 1 and 2 seqg. > Efects?

void init_RTC(void)

{
LPC_SC->PCONP|= (1<<PCRIC): //
LPC_RTC->CCR|=(1<<CLKEN) | (1<<CCALEN); //
LPC_RTC->CIIR|=(1<<IMSEC): //

set_time();

void RTC_IRQHandler (void)

{
flag_segundo=1;
LPC_RTC->ILR|=(1<<RICIF):

void WDI_Feed (void)
{

LPC_WDT->WDFEED=0xAZ;
LPC_WDTI->WDFEED=0x55;

void init_ WDT (void)
{
LPC WDT->WDIC=F wdclk*2; // Timeout=] o Reset CPU no se e:ec::d
LPC_WDT->WDCLKSEL=0x01; // Clocl LE
LPC_WDT->WDMOD=0x03;
LPC_WDT->WDFEED=0x2A;
LPC_WDT->WDFEED=0x55;
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O RTC and WDT: program example (II)

int main(void)
14
LCD Tmitialization():
NVIC SetPriorityGrouping(f):
NVIC EnableIRQ(RTC IRQn);
init RTC{():
LCD Clear(Black):
init WDT():
Jwhile (1) 4
while (flag segundo=—=0} ; Ezpera interrupcidén cada 1 =segundo
flag segundo=0;

sprintf (buffer, "$02d4/302d/%04d 302d:%02d:%024d",LPC_RTIC->DOM, LFC RTC->MONTH, LFC RTC->YELR,LPC RE
GUI Text (10, 10, buffer, White, Black):
WDT_Feed():
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