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Many embedded applications require a timer to generate waveforms of a specific frequency, to 
time external events, to count events, and to generate interrupts at specific intervals. In this chap­
ter we will look at the basic operation of the timer circuits found in modem microcontrollers. 

14.1 Introduction 

Designers of embedded systems often refer to "real-time" events, or real-time control. Real time 
does not mean time in hours, minutes, and seconds. Instead, the term usually refers to gener­
ating time intervals to create waveforms of a specific frequency for driving stepper motors, 
for example, or for generating interrupts to acquire data from an external source such as an 
analog-to-digital converter. The timer module in your microcontroller can do the following 
functions: 

• Generate accurate timing signals and waveforms. 

• Measure time intervals. 

• Generate interrupts at specific intervals. 

• Capture and count external events. 

14.2 The Timer/Counter 

The Timer Overflow 
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The heart of the timer module is actually a counter, as shown in Figure 14-1 . A programma­
ble (in some microcontrollers but not in others) divider or prescaler reduces the bus clock 
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C:\Users\Harman\Documents\Data\CENGcourses\l_CEN ... \CadyCh14Examples.m 

% CAdy Chapter 14 
% Timer Range 16 bits 
format long 
Bits16=16 
fcyc= [40,8,4,.1,.032768]*10" 6 % Mhz clock 
prescale=l % Prescalers are usually 1,2,4,8, ... 256 
% For the PIC24F Prescale = 1, 8, 64, 256 ONLY 
% 
fprintf('Time in Nanoseconds') 
TimerResolution = (l./fcyc)*prescale*(10"9) % Nanoseconds between counts 
TimerRange=(l./fcyc)*prescale*(2 " Bits16) % Seconds to timeout 
% 
% Example 14-1 Cady 
% 40 MHz 8MHZ, 4MHz, 100 kHz, 32.768 kHz 
% Resolution 
% 25 ns 125 ns 250. ns 10 us 30.518 us 
% TimerRange 
% 1.63840 ms 8.192 ms 16.384 ms 0.65536 sec 2.00 sec 
% 
% 24F 16 and 32 bit timers possible Fmax= 40 MHz 
prescale24F=[l 8 64 256] % Prescaler value (Multiply period=divide fcyc 
fcyc24= 40*10"6 %Hz 
fprintf('Time in Nanoseconds') 
t imeResolution24F=(l./fcyc24)*prescale24F*(10" 9) % Resolution in nanosec. 
fprintf('Time Range in Mill iseconds') 
timeRange24F16=timeResolution24F*(2" 16)*(10"-6) 
fprintf('Time in Seconds') 
ti meRange24F32 = (l./fcyc24)*prescale24F*(2 " 32) 
% PRE= 1 8 64 256 % Scaling 
% Resolution (ns) 25 200 1600 6400 
% 16bit Range(ms) 1.6384 13.1072 104.8576 419.430400 
% 32bit Range(s) 107.374 858.9934 6871.9476 27487.7906944 
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