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AN205313 

FR, MB91460, Free Running Timer 
  

The Free-Run timer consists of a 16-bit timer (up counter) and control circuits. Output Compare unit and Input Capture 

unit is also discussed here since Free-Run timer is an integral part of their operation. 
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1 Introduction 

The Free-Run timer consists of a 16-bit timer (up counter) and control circuits. Output Compare unit and Input Capture 
unit is also discussed here since Free-Run timer is an integral part of their operation.  

The Input Capture unit (ICU) stores the free-run timer value if an edge is detected at an ICU input pin. Using this stored 
value it is possible to calculate the time between edges from the external signal. 

The Output compare unit reverses the level of the output pin (OCUn), if the compare register value matches the timer 
value of the Free-Run timer. 
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1.1 Key Features 

1.1.1  16-Bit  Free  Running Timer  

▪ 8 Timers available (Free-Run timer 0 up to Free-Run timer 7) 

▪ Clock selectable for Free Running Timer are 1/4, 1/16, 1/32, and 1/64 of Peripheral Clock 

▪ External clocking possible 

▪ Interrupt Generation at counter Overflow or Counter Match with Compare Clear register. 

▪ Up-counter 

1.1.2  Output Compare  Uni t  

▪ Per channel 16-bit compare register available, total four groups, eight channels available (output compare channels 
0/1, 2/3, 4/5, 6/7). 

▪ Output compare channels 0/1 use Free-Run timer 2, Output compare channels 2/3 use Free-Run timer 3, Output 
compare channels 4/5 use Free-Run timer 6, Output compare channels 6/7 use Free-Run timer 7. 

▪ Setting of initial output level value is possible 

▪ Interrupt Generation on Compare Match 

1.1.3  Input Capture Unit  

▪ Per channel 16-bit buffer available, total four groups, eight channels available (input capture channels 0/1, 2/3, 4/5, 
6/7). 

▪ Input Capture channels 0/1 use Free-Run timer 0, Input Capture channels 2/3 use Free-Run timer 1, Input Capture 
channels 4/5 use Free-Run timer 4, Input Capture channels 6/7 use Free-Run timer 5. 

▪ Rising, falling or both Edge selectable for Input Event 

▪ Interrupt Generation on Input Event 

▪ Detection of start/stop edges in LIN-Sync-field connected to ICU 0 and 2 
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2 Free-Run Timer, Input Capture unit & Output Compare Unit 

The Basic Functionality of the Free Run Timer, Input Capture Unit and Output Compare Unit Module 

2.1 Block Diagrams 

Figure 1 shows the internal block diagram of an FREE-RUN Timer. 

Figure 1. Free-RUN Timer Block Diagram 

 
Figure 2. Input Capture Block Diagram 

 
Figure 3. Output Compare Block Diagram 
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2.2 Registers 

2.2.1  16-Bit  Free  Running Timer  

The 16-Bit Free Running Timer is an up-counter. 

2.2.1.1 Timer Control Register (TCCSn) 

This Byte contains several status and control bits. 

Table 1. TCCSL 

Bit No. Name Explanation Value Operation 

7 ECLK Select the count clock 
0 Internal clock (the peripheral clock divided by n) 

1 External clock (CK pin) 

6 IVF Interrupt Request 

0 
Read: No interrupt,  

Write: Clear Request 

1 
Read: Interrupt request;  

Write: No effect 

5 IVFE Interrupt Request Enable 
0 No Interrupts 

1 Interrupt Enabled 

4 STOP Stop the Counter 
0 Counter Enabled 

1 Counter Disabled 

3 MODE Set Reset Condition of Timer 

0 Initialization by Reset or Clear Bit 

1 
Initialization by Reset, Clear Bit, or Compare 
Register (OCCP) 

2 CLR Clear Timer 
0 Write: no effect 

1 Write: Clear to “0000” 

1,0 
CLK1,CL

K0 
Count clock division ratio selection 

0, 0 
CLKP / 4  

CLKP / 16 

CLKP / 32 

CLKP / 64 

0, 1 

1, 0 

1, 1 

Please consider that the source clock frequency of the Reload Timer (CLKP) depends on the settings of the Clock 
Division setting register (DIVR0). 

Figure 4. Free-RUN Timer Clock 
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2.2.1.2 Data Register of the Free-Running Timer (TCDT) 

This 16-Bit register reads out the current counter value. Writing sets a new value to it. This register must be accessed 
by word access instructions. 

2.2.2  Output Compare  Uni t  

2.2.2.1 Output Control Register (OCSmn) 

This 16-Bit register contains several control and status bits. 

Table 2. OCS 

Bit No. Name Explanation Value Operation for Channel (2n+0) or (2n+1) 

15, 13 - Undefined - 
Writing does not affect the operation. The read out 
value is “1”. 

12 CMOD Reverse Mode 
0 Independent operation 

1 Combined operation 

11,10 - Undefined - 
Writing does not affect the operation. The read out 
value is “1”. 

9 OTDn Pin-level settings 
0 Set the output level of pin OCUn to “L” 

1 Set the output level of pin OCUn to “L” 

8 OTDm Pin-level settings 
0 Set the output level of pin OCUn to “H” 

1 Set the output level of pin OCUn to “H” 

7 ICPn Interrupt flag 

0 
Read: No Interrupt present 

Write: Clear flag 

1 
Read: Interrupt present 

Write: No effect on operation 

6 ICPm Interrupt flag 

0 
Read: No Interrupt present 

Write: Clear flag 

1 
Read: Interrupt present 

Write: No effect on operation 

5 ICEn Interrupt request enable 
0 Disable output compare n interrupt requests 

1 Enable output compare n interrupt requests 

4 ICEm Interrupt request enable 
0 Disable output compare m interrupt requests 

1 Enable output compare m interrupt requests 

3,2 - Undefined - 
Writing does not affect the operation. The read out 
value is “1”. 

1 CSTn Enable operation requests 
0 Stop operation of output compare n 

1 Enable operation of output compare n 

0 CSTm Enable operation requests 
0 Stop operation of output compare m 

1 Enable operation of output compare m 

     mn = 01,23,45,67  
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2.2.2.2 Output Compare Register (OCCPn) 

For each channel, there are two 16-Bit wide Output Compare Registers. The 16-bit Output Compare registers are 
compared with the 16-bit Free-Running Timer. When the value of the register matches that of the 16-bit Free-Running 
Timer, a compare signal is generated and the output compare interrupt flag is set. If output is enabled, the output level 
corresponding to the compare register is reversed.  

Note: n = 0 to 7 

2.2.3  Input Capture Unit  

2 .2.4  Input Capture Control  Register ( ICSmn)  

This 8-Bit register contains several control and status bits. 

Table 3. ICS 

Bit No. Name Explanation Value Operation for Channel (2n+0) or (2n+1) 

7 ICPn Input capture n interrupt flag 
0 

Read: No edge detected, 
Write: Clear Flag 

1 Edge detected 

6 ICPm Input capture m interrupt flag 

0 
Read: No edge detected, 
Write: Clear Flag 

1 
Read: Edge detected 

Write: No effect on operation 

5 ICEn Interrupt Enable Bit 
0 Interrupt disabled 

1 Interrupt enabled 

4 ICEm Interrupt Enable Bit 
0 Interrupt disabled 

1 Interrupt enabled 

3, 2 
Egn1, 

Egn0 
Edge Selection Bit 

0, 0 Input capture unit is stopped 

0, 1 Rising Edge Detection 

1, 0 Falling Edge Detection 

1, 1 Both Edge Detection 

1, 0 
Egm1, 

EGm0 
Edge Selection Bit 

0, 0 Input capture unit is stopped 

0, 1 Rising Edge Detection 

1, 0 Falling Edge Detection 

1, 1 Both Edge Detection 

     mn = 01,23,45,67 

2.2.4.1 Input Capture Data Register (IPCP) 

This 16-Bit register stores the timer value if an edge event occurs. 

2.2.4.2 Input Capture Unit and LIN-USART 

Some ICUs can be connected internally to LIN-USARTs. This feature is for measurement of baud rates for LIN-USART 
as LIN slave. 

Hence while designing a LIN-slave application, ICUs for LIN-USART and ICUs for external events has to be identified 
exclusively. 

  

http://www.cypress.com/


 

FR, MB91460, Free Running Timer 
 

www.cypress.com Document No. 002-05313Rev.*B 7 

3 Software Example 

Example For I/O Timer 

3.2 Basic Functionality of the Free Running Timer 

The following example shows how to set up the Free Running Timer. 

 

At 16 MHz Peripheral Clock, the above example generates interrupts at an interval of 16.38 ms. 

Please note, that the corresponding interrupt vector and level has to be defined in the vectors.c module of our standard 
template project. 

 

The following example shows how to set up the Output Compare. OCU0 and OCU1 are used with the Free Running 0. 
OCU1 is phase-shifted by 90° (Counter Value = 0x8000 = ½ · 0xFFFF + 1). 

/*                            SAMPLE CODE                                     */ 

/*---------------------------------------------------------------------------*/ 

 

void InitFRTimer0(void) 

{ 

 TCCS0 = 0x20;         // CLKP clock / 4, interrupt enabled, clear 

      // timer 

} 

 

 . . . 

 

__interrupt void FRTimer0(void) 

{ 

 TCCS0_IVF = 0;  // clear interrupt request 

 

 . . . 

} 

/*                         SAMPLE CODE                                        */ 

/*---------------------------------------------------------------------------*/  

void InitIrqLevels(void) 

{ 

. . . 

 

ICR12 = 30;                              // Free Run Timer 0    

. . . 

} 

 

__interrupt void FRTimer0 (void);  // prototype 

 

 . . . 

 

#pragma intvect FRTimer0          40  // FRT0  

 

 . . . 
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The above configuration generates a PWM signal with 50% duty cycle. The cycle length depends solely on the CLKP 
frequency and the selected pre-scalar setting of the Free-RUN Timer  

The Figure 5 shows the output waveform: 

Figure 5. Output Compare - Waveform 

 

 
OUT0 

 
OUT1 

90° 

Clock Length 

/*                           SAMPLE CODE                                    */ 

/*---------------------------------------------------------------------------*/ 

 

void InitFRTimer0(void) 

{ 

 TCCS0 = 0x00;  // CLKP/4, interrupt disabled, clear timer 

} 

 

void InitOCU01(void) 

{ 

 EPFR15_D0 = 0; // OCU 0 & 1 output enable 

 PFR15_D0 = 1;  

 EPFR15_D1 = 0;    

 PFR15_D1 = 1; 

 OCS01 = 0x0003; // Mode 0, Pin-level settings ‘L’, Interrupt Diasble 

 OCCP0 = 0x0000; // Frequency = Free Running Timer 

 OCCP1 = 0x8000; // Phase = 90 deg. 

} 
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3.3 Basic Functionality of the Input Capture Unit 

Assume you want to use Input Capture Unit 0 with both edge detection. The following code shows a solution. Please 
note, that for all Inputs the corresponding Port Input Enable Register has to be set first. 

The main difference to External Interrupts is that the actual counter value of the Free Running Timer is stored in the 
Input Capture Data Register (IPCPn) at interrupt occurrence. 

 

Please also note, that the corresponding interrupt vector and level has to be defined in the vectors.c module of our 
standard template project. 

 

  

/*                             SAMPLE CODE                                    */ 

/*---------------------------------------------------------------------------*/ 

 

void InitFRTimer0(void) 

{ 

TCCS0 = 0x00;             // CLKP/4, interrupt disabled, clear timer 

} 

 

void InitICU0(void) 

{ 

 EPFR14_D0 = 0;  // Enable ICU port input  

 PFR14_D0 = 1; 

ICS01 = 0x13;         // Interrupt enable, both edge detection 

} 

 . . . 

 

__interrupt void InterruptICU0(void) 

{ 

 ICS01_ICP0 = 0;  // clear request  

 . . .           // IPCP0 can be read here for external 

              // time/frequency measurement 

} 

/*                                SAMPLE CODE                               */ 

/*---------------------------------------------------------------------------*/ 

void InitIrqLevels(void) 

{ 

. . . 

ICR38 = 30;                             // Input Capture Unit 0  

 

. . . 

} 

__interrupt void InterruptICU0 (void); // prototype 

 . . . 

#pragma intvect InterruptICU0 92    // ICU0 

 

 . . . 
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4 Additional Information 

Information about Cypress Microcontrollers can be found on the following Internet page: 

http://www.cypress.com/cypress-microcontrollers 

The software examples related to this application note is: 

96340_frt_icu_frt_ocu 

91460_icu-v10 

It can be found on the following Internet page: 

http://www.cypress.com/cypress-mcu-product-softwareexamples 
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