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Hello, and welcome to another in the series of dsPIC digital signal controller (DSC)
web-based training seminars by Microchip.

Today we will be looking at the General Purpose timers offered as peripheral
modules on the dsPIC30F family of microcontrollers.

| hope you find this helpful in your understanding of the dsPIC30F product family.
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Overview of dsPIC30F timers/counters
Time/Counter types (A,B,C)

Common features

Differences between the three types
Architectural and feature details of each type
Operating modes
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We will discuss the features of each of the three different types of general purpose
timers available on the dsPI C30F.

This discussion will be followed by details on the various operating modes of the
Timer’s and how they may be configured to operate in each mode.
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@ Three types of 16-bit General Purpose
Timers / Counters

e Similar functionality between all 3 types

e Functional differences are classified as:
e Type A; Example: Timerl
e Type B; Example: Timer2 and Timer4
e Type C; Example: Timer3 and Timer5
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A brief overview of thetimers. There are 3 different types of general purpose 16-bit
timersthat are available on dsPICs. Their basic functionality is similar but there are
afew differences. To note these differences, the timers are classified as Type A,
TypeB and TypeC. Timer LisaTypeA, Timers2 and 4 are Type B and Timers 3
and 5 are Type C. Depending on which dsPIC device you choose you will have
either 3 or 5 timers available.
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Each Timer/Counter:

16-bit period register, comparator, and counter

Clock Prescaler

Timer Control Register (TXCON)

2 or more clocking options

e 1 option is always the instruction cycle clock (Tcy)
A Gated Timer Accumulate option

Can set an interrupt flag and generate an interrupt
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Common features to types A,B,C

Most of the building blocks of al 3 types are the same.

Each timer hasits own Period Register, comparator, counter, prescaler, and control
register.

Each timer has an option of using either the internal instruction cycle clock or an

external clock source.

A gated time accumulate mode also exists on all timers. In this mode the timers can

count how long the Timer Clock input pin was pulsed high or low.

All three types of timers can all set an interrupt flag and generate an interrupt on

reaching a certain count held in the Period register.

We will go over the basic timer operation, next.
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e Maitch a value pre-loaded into the PRx register

e Timer/Counter increments on the rising edge of the
chosen clock source

® Resets to zero when count matches value in PRx
e Sets the interrupt flag bit TxIF
e Generates an interrupt (if enabled)
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The operation of the timersis straight forward.

A 16 bit match value is loaded into the associated period register and the
timer/counter is enabled.

The counter increments on each rising edge of the chosen clock source. When the
comparator detects it has reached a match with the period register the interrupt flag
is set, an interrupt is made if enabled, and the counter is reset to zero and the whole
process starts again.
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® Timer function enabled with TON
® Timer function in idle when TSIDL is enabled

® Timer can select internal or external clocks
TCS=0 : Internal; TCS=1 : External

e Timer can pre-scale input clock by 1,8,64,256
TCKPS<1:0> - Timer pre-scale settings

e Timer can count based on a gate signal
TGATE=1 : Gated time accumulation mode

TxCON Register

[ ToN ] - [ TsibL | - [

bitl5 14 13 12 11
[ - TTGATE | TCKPS<1:0> |

bit7 6 5 4 3
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Each Timer hasits own control register called TxCON, shown at the bottom of the

screen, where x stands for the timer number. The bit definitions are as follows;

TON turns ON or starts the timer when set to 1

TSIDL when set to 1 allows the operation of the timer in idle mode
TCS when set to 1 selects the external clock, when cleared to O the internal clock is

selected.

TCKPS bits select the pre-scale value used to divide an incoming frequency by 1, 8,

64 or 256

TGATE when set to 1 enables the gated time accumulate mode, we will discussthis

in detall later
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Type A Type B Type C
(Timer 1) (Timers 2,4) | (Timers 3,5)
Features Can use 32 kHz Clock sync is
osc, best for RTC | cjgck Sync is before prescaling
operation after prescaling | Can trigger an
ADC
Clock External (Txck) External (Txck) External (Txck)
Tcy Tcy Tecy
Operating 16-bit timer, 16- | 16-bit timer, 16- | 16-bit timer, 16-
d bit sync counter, | bit sync counter, | bit sync counter,
Modes 16-bit async 32-bit timer (LB), | 32-bit timer (UB),
counter 32-bit 32-bit
counter(LB) counter(UB)
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Hereis a snapshot of the differences between the three types of timers:

Asyou can see, Timer 1 may be used as areal-time clock asit accepts an
asynchronous 32 KHz external crystal as an input clock.

Also, Timer2 and Timer3 aswell as Timer4 and Timer5 may be paired up to form

32-hit timers.
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e Timer Types differ on handling of
external clock

e Type A (Timer 1) is asynchronous
e Input clock frequency < 25 MHz

e Type B (TIMERZ2 & 4) synchronize the
clock after the prescaler

e Input clock frequency < (prescale *
1/2 Fcy)

e Type C (TIMER3 & 5) synchronize the
clock at the input of the timer
e Input clock frequency < 1/2 Fcy
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Timers differ on how they handle or count external clock signals.

Type A timer or Timer 1 isthe only asynchronous timer. The maximum input signal
rate is 25 megahertz Thisrestriction is mainly due to the asynchronous gating logic
on Timer 1.

Type B timers, timers 2 and 4 are synchronous timers, however their synchronizing
circuit is positioned after the prescaler hence the maximum input clock frequency
should be less than half internal instruction cycle frequency (Fcy) times the prescale
value

Type C timers or timers 3 and 5 have their synchronizing circuit at the input, so the
maximum input clock frequency should be less than half Fcy.

In all the above cases the minimum rise and fall time of the input circuit should not
be violated. The minimum rise or fall time in the data sheet is 10 nanoseconds
maximum or 50 Mega hertz input frequency.

© 2005 Microchip Technology Inc. Page 8



Microchip Technology Inc.
General Purpose Timers and Counters on dsPIC30F

MICROCHIP Timer 1 Block Diagram
ominars. (Type A)

WebSeminars

PR1

v

Comparator x 16

T1 *
Flag Reset

TSYNC

TMR1
1 Q
w
TGATE 1 TGATE 0 <
@ 9 ee
0_/ckd
S0SC1/ TCKPS<1:0>
TICK " TON l
M— )
&_} osc | Gate Prescaler
i 1 01 1, 8, 64, 256
S08C2 Lo Sync
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Let us briefly describe Timer 1, which isthe only Type A timer. The shaded area
highlight where the differences between each type exist.

It'smain featureisthat it can be used asynchronously. That is, thistimer can
operate or count without the system clock being active. Thusthisfeature allows the
timer to operate in sleep mode. Another important feature on the Type A timersis
that it has the option of being connected to a 32Khz crystal. An Low Power
oscillator circuit is available which converts the crystal signal to a pulse which can
be counted by the timer. Thistimer can operate in sleep mode and is very well
suited for real time clock applications.

Thistimer can also be used synchronously. The synchronizing circuit is after the
prescaler hence a higher frequency than the internal clock freq. can be counted by
timer 1.
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Equal
» Comparator x 16
T2
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This block diagramisfor Timer 2 whichisaType B. The key item to note is that
the synchronization circuit islocated after the pre-scaler hence a frequency higher
than Fcy can be measured using this timer. Also notice that the 32KHz crystal is not
an option for aclock source for this timer.
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Timer 3isaType C timer. Thistimer isa synchronous timer in which the incoming
clock signal isimmediately synchronized to the system clock and then measured.

If the frequency being measured is less than the instruction clock Fcy then this
process will not give rise to any error in measurement. One other featurein Type C
timersisthe ADC event Trigger. Type C timers can be set to generate atrigger
which signalsthe ADC to begin a conversion. Note that this featureis only
available on Timer 3. We will go over each operating mode in detail later.
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e Operates only using the instruction clock (Tcy) as a
clock source

e Timer increments only when TXCK input pin is high

e An interrupt is generated when the gate signal level
goes from a 1 to O or the pre-loaded value in PRx is
reached

e Can be used with Type A, B or C timers

Tey

TXCK I I I 0 i T 1 | i
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 t 1 ] t 1
Timer x Count 112 3 4 45 16 17T 07
1 1 1 1 1 1 1 1 1
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Type A, B and C have a gated time accumulation option.

If the unknown frequency is supplied to the TXCK pin as the gating pulse then so
long asthe level on the pin is high, the value in the Timer isincremented every
rising edge of Tcy. Oncethe level goesfrom ahigh to alow, the counting is
stopped and an interrupt is generated to signal that this event has occurred. During
the interrupt service routine, the user can read the timer value and clear it for
another operation.
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@ The Prescaler is set up using the control bits
Tckps <1:0> located in TXCON <5:4>
® The Prescaler counter is cleared by:
e Write to TMRX
e Write to TXCON
e Power On Reset (POR) and Brown Out Reset (BOR)

e If the timer is disabled (Ton=0), the prescale
counter cannot be cleared

© 2003 Microchip Technology Incorporated. All Rights Reserved. Name of presentation 13

The input clock to the timer has a prescale option of 1:1, 1:8, 1:64, or 1:256. Thisis
selected by control bits Tckps 1 and 0. These are located in the associated TXCON
register bits 5 and 4.

The prescaler counter is cleared with any write to the associated timer register,
timer control register, a power on reset, or a brown out reset.

Note however, if the Ton bit is disabled, there is no clock to the prescaler counter
and it can not be cleared.
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Timer Interrupts

e Each timer can generate an interrupt

e The interrupt flag (TxIF) is set and an interrupt is
generated if the specific interrupt is enabled (TXIE)
in the IECO control register

® When using the Gated Timer Accumulation option
the timer can generate an interrupt on the falling
edge of the gate signal
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The timer has the ability to generate an interrupt on period match. When the timer

count matches the period register, the timer interrupt flag bit (TxIF) isset and a

interrupt will be generated if enabled. Enabling the interrupt is accomplished by

setting the respective TxIE bit in the interrupt control register.

When the Gated timer Accumulate option is used, an interrupt can also be generated

on the falling edge of the gate signal.

© 2005 Microchip Technology Inc.
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® Clock source is set to the external clock (TxCK)
pin using the TCS control bit in the TXCON register

@ Synchronization is disabled in the timer control
register (TXCON) by clearing the Tsync bit to zero

e Only the Type A counter allows asynchronous
operation
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Asynchronous counter mode increments the counter on each rising edge of an
external clock. Synchronous mode must be disabled in the timer control register.
Thisisan option only with Timer 1 which isthe Type A timer/counter.
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16-bit Synchronous Counter Mode

® Clock source is set to the TXCK pin

® Synchronization is enabled through the TXCON
register by setting the Tsync bit to one

e All three types can use this mode
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Synchronous operation is the same except internally the rising edge of the external
clock is synchronized with the internal instruction cycle clock. All 3 types can use

this mode.

© 2005 Microchip Technology Inc.
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16-bit Timer Mode

e The internal instruction cycle clock (Tcy) is used
® The Tsync control bit has no effect on this mode

e All three types can use this mode
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In the 16 bit timer mode, the timer increments on every instruction cycleup to a

match value preloaded into the period register, then resets to zero and continues to
count. The Tsync bit has no effect and this mode is available on all 3 type timers.
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Only the type A timer can use the RTC option

Operation is the same as the 16-bit asynchronous
counter mode

Uses the low power oscillator (32 kHz) as a clock
source

All other timer/counter modes are disabled in the
type A timer when the LPOCSEN is set

Tsync must be cleared to zero for correct
operation

The idle operation control bit (TSIDL) must be
cleared to zero for the RTC operation to continue
in processor idle mode

© 2003 Microchip Technology Incorporated. All Rights Reserved. Name of presentation 18

Real time clock is a special option on type A timers. By enabling the low power
oscillator this timer will accept aslow 32KHz input. Other that the ultraslow clock
source the operation isidentical to the asynchronous mode we discussed earlier. No

other timer/counter operation is available on type A timersif the low power

oscillator is enabled. The Tsync bit must be disabled for RTC operation. If you
want the RTC to continue to work while the processor isin IDLE mode then Tsidl

must be cleared.

© 2005 Microchip Technology Inc.
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Idle
e Timer module must be enabled (Ton=1)

e The idle operation control bit (TSIDL) must be
cleared to zero for the timer to continue in
processor idle mode

Sleep ( in addition)
@ Timer clock source TCS set to one, external clock
® Tsync cleared to zero, asynchronous operation
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Any time atimer/counter isto continue operation while the processor isIDLE Tsidl
must be cleared. Also anytime you want atimer to operate the Ton bit has to be set.

In addition the those two control bits, if you want atimer to operate when the
processor isin SLEEP mode you must have the Tsync bit cleared for asynchronous
operation because the internal instruction cycle clock is off in sleep mode. Also, the
clock source must be external.
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e Timer3/Timer2 pair into 32-bit Timer
e Timer5/Timer4 pair into 32-bit Timer

® 16-bit writes buffered to allow 32-bit
counter updates

® T132=1: 32-bit Timer select

e Concatenated timer has same
functionality as Timer2

T2CON Register

[ ToON [ - T 7TsibL [ - [ - T - T - T -

bit15 14 13 12 11 10 9 bit8
[ - [ TGATE | TCKPS<1:0> [ 132 ] - [ Tcs 1]

bit7 6 5 4 3 2 1 bit0
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In some applications very large counts are required, hence it is important to

concatenate two 16 bit registers.

Only type B and Type C timers can be concatenated

Timer 3 can be concatenated with Timer 2 to form a 32 timer

Timer 5 can be concatenated with Timer 4 to form a 32 timer

No other combinations are allowed.

Concatenated timers take on the same functionality of a Type B timer.

© 2005 Microchip Technology Inc.
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To understand the operation of a 32-bit timer let us take an example of Timer 2 and
3 being concatenated.

The interrupt logic of Timer 3 is used by the combined 32-bit timer. Timer 2
control bits are used and Timer 3 control bits are ignored.

To do a 32-bit read/write operation, a holding register is provided for the 16 most
significant bits from Timer 3. When reading the 32-bit timer the user would first
read Timer 2. At the instance that timer 2 isread, the timer 3 holding register get
loaded with the value in Timer 3. The user then get the most significant 16-bits of
Timer3 by reading the timer 3 holding register.

The reverse has be done when doing a 32-bit write. First the timer 3 holding
register isloaded with the most significant 16-bit value then awrite operation is
executed on timer 2 with the least significant 16-bit value. At that instant the value
in the timer 3 holding register isloaded into the timer 3 register.
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e Two timers are used for Capture and
Compare time base
e Timer 2 or Timer 3

e ADC Event Trigger on Timer 3
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Some special functions of the Timers are listed here.

Timer 2 and timer 3 are used as time bases for the Input Capture and Output
Compare modules.

Also Timer 3 can be used as atimer to schedule a start of conversion trigger for an
ADC operation, but these are topics for a another time.

Further details of the General purpose Timers and counters can be foundin 3
documents, the device data sheet, the dsPIC 30F family reference manual and the
dsPIC programmers reference manual. All three documents are needed to fully
understand the operationsin adsPIC. Asawaysall our documents are available on
our web site www.microchip.com

Thank you for listening and | hope you found this to be time well spent.
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