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indicated below.  You must check the quality grade of each Renesas Electronics product before using it in a particular 
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which it is not intended without the prior written consent of Renesas Electronics.  Renesas Electronics shall not be in any way 
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an 
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specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further, 
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APPLICATION NOTE

1. Abstract
This document describes timer A operation in the programmable output mode.

2. Introduction
The application example described in this document applies to the following MCUs:

•MCUs: M16C/63 Group
M16C/64A Group
M16C/65 Group

Careful evaluation is recommended before using the program described in this application note.
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3. Programmable Output Mode
In programmable output mode, the timer outputs arbitrary low- and high-level width of pulse successively.
The mode can be used in timer A1, A2 and A4. The high-level width of pulse can be set in the TAi register (i
= 1, 2 or 4), and the low-level width of pulse can be set in the TAi1 register.
To change cycles or width of the output waveform, follow the instructions below.
(1) Set the TAiOW bit to 0 (output waveform change disabled).
(2) Write to the TAi register and/or the TAi1 register.
(3) Set the TAiOW bit to 1 (output waveform change enabled).

The updated value is reloaded when the TAiOW bit is 1 (output waveform change enabled) at one cycle
before the rising edge of the TAiOUT output (the falling edge when the POFSi bit is 1). The value before the
update is reloaded when the TAiOW bit is 0 (output waveform change disabled). Figure 3.1 shows an
example of programmable output.

Figure 3.1 Example of Programmable Output
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i = 1, 2, 4
m1: Value assigned to TAi register for high-level width of pulse 1
n1: Value assigned to TAi1 register for low-level width of pulse 1
m2: Value assigned to TAi register for high-level width of pulse 2
n2: Value assigned to TAi1 register for low-level width of pulse 2
fj: Count source frequency

The above timing diagram assumes the following:
- The MR0 bit in the TAiMR register is 1 (pulse output).
- The POFSi bit in the TAPOFS register is 0 (output waveform high-level active).
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4. Application Example

4.1 Explanation of the Sample Program
In the sample program, two different pulses (pulse A and B) are output alternately and successively using
programmable output mode of timer A. Timer values are updated in the interrupt process of timer A.
Sample output waveform is output on the following conditions.
Count source: 8 MHz
Output waveform: High-level active
High-level width of pulse A: 8 ms      Low-level width of pulse A: 4 ms
High-level width of pulse B: 2 ms      Low-level width of pulse B: 6 ms

Figure 4.1 shows the output waveform of the sample program.

Figure 4.1 Output Waveform of the Sample Program

4.2 Configuration of the Sample Program
Table 4.1 lists the configuration of the application example.

i = 1, 2, 4

Note:
1. Not available in the M16C/64A Group.

Table 4.1 Configuration of the Application Example
Item Specification

Count source
√

Select from the following sources.
f1TIMAB, f2TIMAB, f8TIMAB, f32TIMAB, f64TIMAB, fC32, fOCO-F(1), or fOCO-S

Output polarity √ Output polarity high-level active
Output polarity low-level active (output reversed)

Output waveform change Change disabled
√ Change enabled

Count trigger √ Write 1 to the TAiS bit in the TABSR register 
Select by bits TAiTGH to TAiTGL

TAiOUT
Output

Low

High

Pulse A Pulse APulse B Pulse B

12 ms

8 ms 4 ms 2 ms 6 ms

8 ms
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4.3 Operations of the Sample Program
(1) Timer Ai (i = 1, 2, 4) is set, a value of high-level width of pulse A (m1) is written in the TAi register and

then a value of low-level width of pulse A (n1) is written in the TAi1 register.
(2) When the TAiS bit in the TABSR register is set to 1, the value of the TAi register is reloaded and the

count is started. At the same time, the state of the TAiOUT pin is changed from low to high and then
an interrupt request is generated.

(3) After the TAiOW bit is set to 0 in the interrupt process of timer Ai, a value of high-level width of pulse B
(m2) in the TAi register and a value of low-level width of pulse B (n2) are written in the TAi1 register
and then the TAiOW bit is set to 1.

(4) When the timer underflows, the value of the TAi1 register is reloaded and the count is continued. At
the same time, the state of the TAiOUT pin is changed from high to low.

(5) When the timer underflows, the state of the TAiOUT pin is changed from low to high and an interrupt
request is generated. Because the TAiOW bit is 1 at the reload decision timing, the values are
reloaded after updated (m2, n2) and the count is started.
(When the TAiOW bit is 0, the values before updated (m1, n1) are reloaded and the count is started.)

(6) After the TAiOW bit is set to 0 in the interrupt process of timer Ai, a value of high-level width of pulse A
(m1) in the TAi register and a value of low-level width of pulse A (n1) are written in the TAi1 register
and then the TAiOW bit set to 1.

(7) When the TAiS bit is set to 0, the count is stopped and then low-level is output to the TAiOUT pin.
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Figure 4.2 shows operation example in programmable output mode.

Figure 4.2 Operation Example in Programmable Output Mode
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5. Register Settings
Figure 5.1 and Figure 5.2 show procedure and value for setting register in programmable output mode of
timer A1. Refer to a hardware manual of the MCU you use for more details on each register.

Figure 5.1 Procedure for Setting Register in Programmable Output Mode of Timer A (1/2)

1
b7 b0

PRC0 Protect bit 0 (Writing to the PCLKR register enabled)

Protect Register (PRCR)

1: Write enabled

b7 b0

PCLK0 Timers A and B clock select bit
(clock source for timers A and B, the dead time timer, and multi-master I2C-
bus interface)

0: f2TIMAB/f2IIC
1: f1TIMAB/f1IIC

Peripheral Clock Select Register (PCLKR)

b7 b0

TCDIV00 Clock select prior to timer AB division bit
0: f1
1: fOCO-F

Timer AB Division Control Register 0 (TCKDIVC0)

0
b7 b0

PRC0 Protect bit 0 (Writing to the PCLKR register enabled)

Protect Register (PRCR)

0: Write protected

b7 b0

Timer A Count Source Select Register 0 (TACS0)

TCS7 TA1 count source option specified bit
0: TCK0, TCK1 enabled, TCS4 to TCS6 disabled
1: TCK0, TCK1 disabled, TCS4 to TCS6 enabled

1 1 1
b7 b0

TMOD1 to TMOD0 Operation mode select bit
11: Pulse width modulation (PWM) mode or programmable output mode

Timer A1 Mode Register (TA1MR)

MR0 Pulse output function select bit
0: No pulse output (TA1OUT pin functions as I/O port)
1: Pulse output (TA1OUT pin functions as a pulse output pin)

1
b7 b0

PWMFS1 Timer A1 programmable output mode select bit

16-Bit Pulse Width Modulation Mode Function Select Register (PWMFS)

0: PWM mode 16-bit PWM
1: Programmable output mode

TCS6 to TCS4 TA1 count source select bit
000: f1TIMAB or 2TIMAB
001: f8TIMAB
010: f32TIMAB
011: f64TIMAB
100: fOCO-F
101: fOCO-S
110: fC32
111: Do not set
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Figure 5.2 Procedure for Setting Register in Programmable Output Mode of Timer A (2/2)
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6. Sample Program
A sample program can be downloaded from the Renesas Technology website. To download, click
"Application Notes" in the left-hand side menu of the M16C Family page.

7. Reference Documents
Hardware Manual
M16C/63 Group Hardware Manual
M16C/64A Group Hardware Manual
M16C/65 Group Hardware Manual
The latest version of these documents can be downloaded from the Renesas Technology website.

Technical Update/Technical News
The latest information can be downloaded from the Renesas Technology website.
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Website and Support

Renesas Technology Website
http://www.renesas.com/

Inquiries
http://www.renesas.com/inquiry
csc@renesas.com
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