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•  Atmel AVR XMEGA 
devices have a set of 
flexible, 16-bit timer/
counters (TC). Their 
capabilities include accurate 
program execution timing, 
frequency and waveform 
generation, and input 
capture with time and 
frequency measurement of 
digital signals.  
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•  A timer/counter consists of a base counter and a set of compare or 
capture (CC) channels. The base counter can be used to count clock 
cycles or events. It has direction control and period setting that can be 
used for timing. The CC channels can be used together with the base 
counter to do compare match control, frequency generation, and pulse 
width waveform modulation, as well as various input capture fcns. 
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• Compare and capture cannot be done at the same time, i.e. a single 
Timer/Counter cannot simultaneously perform both waveform 
generation and capture operation. When used for compare operations, 
the CC channels is referred to as compare channels. When used for 
capture operations, the CC channels are referred to as capture 
channels. 

• The Timer/Counter comes in two versions: Timer/Counter 0 that has 
four CC channels, and Timer/Counter 1 that has two CC channels. 
Hence, all registers and register bits that are related to CC channel 3 
and CC channel 4 will only exist in Timer/Counter 0.
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• The Counter Register (CNT), the Period Registers w/buffer (PER 
and PERBUF), and the compare and Capture registers w/buffers 
(CCx and CCxBUF) are 16-bit registers. 
• During normal operation the counter value is continuously compared 
to zero and the period (PER) value to determine whether the counter 
has reached TOP or BOTTOM. The counter value is also compared 
to the CCx registers. These comparators can be used to generate 
interrupt requests or request DMA transactions. They also generate 
events for the Event System. 
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• In Normal Operation the Counter will count in the direction set by 
the Direction (DIR) bit for each clock until it reaches TOP or 
BOTTOM. When TOP is reached when up-counting, the counter will 
be set to zero when the next clock is given. When down-counting the 
Counter is reloaded with Period Register value when BOTTOM is 
reached. 
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• Selecting the input capture event action, makes the enabled capture 
channel perform an input capture on any event. The interrupt flags 
will be set and indicate that there is a valid capture result in the 
corresponding CC register. Equally the buffer valid flags indicates 
valid data in the buffer registers. 
• The counter will continuously count for BOTTOM to TOP, then 
restart on BOTTOM as shown in Figure 14-9. The figure also shows 
four capture events for one capture channel. 

IMDL Software Series 

University of Florida, EEL-5666 
© Drs. A. A. Arroyo & E. M. Schwartz 

8 

• Single-Slope Mode: For ssPWM generation, the Period (T) is controlled by 
the PER, while CCx registers control the duty cycle of the WG output. Figure 
14-13 shows how the counter counts from BOTTOM to TOP then restarts 
from BOTTOM. The waveform generator output is set on the compare match 
between the CNT and CCx registers, and cleared at TOP. 
• The single slow PWM frequency (fPWM_SS) depends on the period setting 
(PER) and the Peripheral clock frequency (fPER), and can be calculated by the 
following formula where N is the prescaler divider used (1, 2, 4, 8, 64, 256, 
1024). 



University of Florida, EEL 5666: IMDL 
© Drs. Arroyo & Schwartz 

IMDL Software Series 

University of Florida, EEL-5666 
© Drs. A. A. Arroyo & E. M. Schwartz 

9 

• For dual slope PWM generation, the Period (T) is controlled by the PER, 
while CCx registers control the duty cycle of the WG output. Figure 14-14 
shows how for dual slope PWM the Counter counts repeatedly from 
BOTTOM to TOP, and then from TOP to BOTTOM. The waveform 
generator output is set on BOTTOM, cleared on compare match when up-
counting and set on compare match when down counting. 
• The PWM frequency depends on the period setting (PER) and the 
Peripheral Clock frequency (fPER), and can be obtained by the equation 
(fPWM_DS) where N is the prescaler divider 

   used (1, 2, 4, 8, 64, 256, 1024). 
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•  The PWM clock is selected in the CTRLA register. Example:  
  TCC0_CTRLA = 0x05;  //set TCC0_CLK to CLK/64 
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•  PWM WG is selected in the CTRLB reg. Example:  
   // Enable OC A, B, C, and D.  Set to Single Slope PWM  
   // OCnX = 1 from Bottom to CCx and 0 from CCx to Top. 
      TCC0_CTRLB = 0xF3;  
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•  The PER holds the value TOP. Example: PER = Top 
  TCC0_PER = 10000; // 20ms x (32MHz/64) = 10000 

 {If we had the option to divide by 32 instead of 64 then 
TCC0_PER would have been 20000 for 20ms duration 
instead of 10000. To get a 0.5ms pulse we would have 
used TCC0_CCA=500 instead of having  to use 
TCC0_CCA=250 which is 50% of the value  not too bad} 
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•  The CCxH and CCxL register pair represents the 16-bit value CCx. For 
compare operation these registers are all continuously compared to the 
counter value. Normally the outputs form the comparators are then used for 
generating waveforms. Example: 

  TCC0_CCA = 0;   //PWMC0 off. 
  TCC1_CCA = 0;   //PWMC4 off   
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•  To generate ssPWM we can set CCx to the desired period 
directly. To make it more useful, we can scale a -100 < 
input period < +100 as follows.  Example: 

   void ServoC(int channel, int value) { 
     if (value > 100)  // cap at +/- 100 
  value = 100;   //   -100 => 1ms 
     else if (value < -100)  //   0    => 1.5ms 
  value = -100;  //   100  => 2ms 
     value *= 5;   // multiply value by 2.5 
     value /= 2;   // new range +/- 250 
     if (channel==0) TCC0_CCA=(750+value); //Generate C0 PWM 
   } 
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• The next example uses the ADC in the DAQ to 
sample a Cds cell and turn on/off the dbled in the 
main loop and uses PWM in PD0 and PD1 to 
gradually dim the external LEDs connected to PD0 
and PD1 & generates PWM servo signals in PD2-PD5 

See project DAQ_GPIO_PWM 
• If you wish to use Tim’s USART functions, then 

import uart.c and uart.h from Tim’s Software 
• The ISR for the USART is uart.c 

See project DAQ_GPIO_PWM 
Change the include in main.c to <uart.h> 
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• The next example is identical to the previous 
example. It uses the ADC in the DAQ to sample a 
Cds cell and turn on/off the dbled in the main loop 
and uses PWM in PD0 and PD1 to gradually dim 
the external LEDs connected to PD0 and PD1 & 
generates PWM servo signals in PD2-PD5. It does 
not use the ASF (Atmel Software Framework). It 
is a GNU C project built from scratch. 

See project DAQ_All_in_C 
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Arduino Servo 

• The example uses the ADC functions in the 
Arduino MEGA2560 Board to blink internal/
external LEDs and uses the serial port to display 
data and control the LEDs after blinking the set a 
few times. Serial input j & k alternate the two 
external LEDs on pins 12 & 11 {on, off} and {off, 
on} respectively. Analog input A0 is connected to 
a Cds cell that controls the internal DBLED. A 
servo connected to pin 9 is also swept. 
•  See Arduino Sketch: IMDL_Servo_ADC_Serial_External_LED 
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The End! 


