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Introduction

This document describes how to migrate from timer RA in R8C/36M Group to timer RJ in RL78/G14 (This document
is described in 64-pin package as an example).

Target Device
RL78/G14, R8C/36M Group

When using this application note with other Renesas MCUs, careful evaluation is recommended after making
modifications to comply with the alternate MCU.
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1. Migration Method from R8C Family to RL78 Family

This application note explains how to achieve each mode (timer mode, pulse output mode, event counter mode, pulse
width measurement mode and pulse period measurement mode) in timer RA of R8C/36M using RL78/G14.
Table 1.1 shows the mode in timer RA of R8C/36M Group, and Table 1.2 shows the mode in timer RJ of RL78/G14.

In R8C/36M Group, timer RA is an 8-bit timer with an 8-bit prescaler. Timer RA has five modes: timer mode, pulse
output mode, event counter mode, pulse width measurement mode and pulse period measurement mode. In timer
mode, the timer counts the internal count source. In pulse output mode, the timer counts the internal count source and
outputs pulses which invert the polarity by underflow of the timer. In event counter mode, the timer counts external
pulses. In pulse width measurement mode, the timer measures the pulse width of an external pulse. In pulse period
measurement mode, the timer measures the pulse period of an external pulse.

In RL78/G14, timer RJ is a 16-bit timer that can be used for pulse output, external pulse width or period measurement,
and counting external events. This 16-bit timer consists of a reload register and a down counter. The reload register
and the down counter are allocated to the same address, and they can be accessed by accessing the TRJO register.
Timer RJ has five modes: timer mode, pulse output mode, event counter mode, pulse width measurement mode and
pulse period measurement mode. In timer mode, the count source is counted. In pulse output mode, the count source is
counted and the output is inverted at each underflow of the timer. In event counter mode, an external event is counted,
and the operation is possible in STOP mode. In pulse width measurement mode, an external pulse width is measured.
In pulse period measurement mode, an external pulse period is measured.

The same operation as that each mode (timer mode, pulse output mode, event counter mode, pulse width measurement
mode and pulse period measurement mode) in timer RA of R8C/36M can be realized by using timer RJ of RL78/G14.

In this application note, as described in this chapter, explain the migration method for the five modes "timer mode",

"pulse output mode", "event counter mode", "pulse width measurement mode" and "pulse period measurement mode".

Table 1.1 Operation Mode of Timer RA in R8C/36M

Timer RA in R8C/36M

Mode Function
Timer mode The timer counts the internal count source.
Pulse output mode The timer counts the internal count source and outputs pulses
which invert the polarity by underflow of the timer.
Event counter mode The timer counts external pulses.
Pulse width measurement mode The timer measures the pulse width of an external pulse.
Pulse period measurement mode The timer measures the pulse period of an external pulse.

Table 1.2 Corresponding Mode of Timer RJ in RL78/G14

Timer RJ in RL78/G14

Mode Function

Timer mode The count source is counted.

Pulse output mode The count source is counted and the output is inverted at each
underflow of the timer.

Event counter mode An external event is counted.
Operation is possible in STOP mode.

Pulse width measurement mode An external pulse width is measured.

Pulse period measurement mode An external pulse period is measured.
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2. Differences between RL78/G14 and R8C/36M Group

2.1

Differences in Function Overview

Table 2.1 lists the differences between timer RA in R8C/36M Group and timer RJ in RL78/G14.

Table 2.1 Differences

Item

R8C/36M Group
Timer RA

Count source

o fl

o f2

. 18

« fOCO
» fC32
« fC

RL78/G14
Timer RJ
e foik
o fewk/2
* foLk/8
o fiL
* fsus

« Event input from the event link controller
(ELC)

8-bit timer with 8-bit

Configuration prescaler (reload register 16-bit timer (reload register included)
included)
External input pin INT2 INTP4

Event counter control
signals

 Event input always enabled
» Event input enabled at
INT2 level

 Event input enabled for low
signal period of TRCIOD

« Event is always counted

« Event is counted during polarity period
specified for INTP4

« Event is counted during polarity period
specified for timer output signals (TRDIOD1,
TRDIOC1, TO02, and TO03)

Input edge polarity and
output polarity selection
in event counter mode

« Starts counting at rising
edge of the TRAIO input and
TRAO starts output at “L".

« Starts counting at falling
edge of the TRAIO input and
TRAO starts output at “H”.

Input edge polarity and output polarity
selection is independent.

» TRJIOO input edge polarity can switch
between "count at rising edge" and "count at
falling edge".

« TRJOO output polarity can select "output is
started at low (Initialization level: Low)" or
"output is started at high (Initialization level:
High)".

Coordination with
event link controller
(ELC)

No

Yes

RO1AN4216EC0101 Rev.1.01
Oct. 22, 2018
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2.2 Differences in Timer mode

The operation of timer mode in timer RA of R8C/36M Group corresponds to timer mode in timer RJ of RL78/G14.
Table 2.2 lists the differences between timer mode in timer RA of R8C/36M Group and timer mode in timer RJ of

RL78/G14.

Table 2.2 Differences between Timer RA (Timer Mode) and Timer RJ (Timer Mode)

Iltem

R8C/36M Group
(Timer RA (Timer Mode))

RL78/G14
(Timer RJ (Timer Mode))

Count sources

f1, f2, 8, fOCO, fC32, fC

feik, fok/2, fek/8, fiL, fsus, or event input from
the event link controller (ELC) selectable

Count
operations

* Decrement

* When the timer underflows, the
contents of the reload register are
reloaded and the count is continued.

* Decrement

* When the timer underflows, the contents of
the reload register are reloaded and the
count is continued.

Count start

1 (count starts) is written to the

1 (count starts) is written to the TSTART bit

condition TSTART bit in the TRACR register. in the TRICRO register.

« 0 (count stops) is written to the * 0 (count stops) is written to the TSTART bit
Count stop TSTART bit in the TRACR register. in the TRICRO register.
conditions « 1 (count forcibly stops) is written to * 1 (count forcibly stops) is written to the

the TSTOP bit in the TRACR register. TSTOP bit in the TRICRO register.
Interrupt
request_ When timer RA underflows [timer RA When the counter underflows.
generation interrupt].
timing

. TRJIOO pin: not used

Pin function TRAIO pin: programmable I/O port (programmable 1/O port)

TRAO pin: programmable I/O port

TRJOO pin: TRJOO pin output

Read from timer

The count value can be read by
reading registers TRA and TRAPRE.

The read value is read from the counter
TRJO register.

Write to timer

» When registers TRAPRE and TRA
are written while the count is stopped,
values are written to both the reload
register and counter.

» When registers TRAPRE and TRA
are written during the count, values
are written to the reload register and
counter.

The write value is written to the reload
register.

Selectable
functions

N/A

 Coordination with the event link controller
(ELC).

Event input from the ELC is selectable as a
count source.

RO1AN4216EC0101 Rev.1.01

Oct. 22, 2018

RENESAS

Page 7 of 113




RL78/G14, R8C/36M Group

Migration Guide from R8C to RL78: Timer RA to Timer RJ

2.3

Differences in Pulse Output Mode

The operation of pulse output mode in timer RA of R8C/36M Group corresponds to pulse output mode in timer RJ of

RL78/G14.

Table 2.3 lists the differences between pulse output mode in timer RA of R8C/36M Group and operation as pulse
output mode in timer RJ of RL78/G14.

Table 2.3 Differences between Timer RA (Pulse Output Mode) and Timer RJ (Pulse Output Mode)

Iltem

R8C/36M Group
(Timer RA (Pulse Output Mode))

RL78/G14
(Timer RJ (Pulse Output Mode))

Count sources

f1, f2, 18, fOCO, fC32, fC

fouk, fewk/2, feuk/8, fiL, fsus, or event
input from the event link controller
(ELC) selectable

Count operations

e Decrement
* When the timer underflows, the contents in
the reload register is reloaded and the count
is continued.

e Decrement

* When the timer underflows, the
contents in the reload register is
reloaded and the count is continued.

Divide ratio

1/(n+1)(m+1)
n: Value set in TRAPRE register, m: Value
set in TRA register

1/(n+1)
n: Value set in TRJO register

Count start

1 (count starts) is written to the TSTART bit

1 (count starts) is written to the

condition in the TRACR register. TSTART bit in the TRICRO register.
. . . . « 0 (count stops) is written to the
_ 0 (count stops) is written to the TSTART bit TSTART bit in the TRICRO register.
Count stop in the TRACR register. « 1 (count forcibly stops) is written to
conditions « 1 (count forcibly stops) is written to the ( y stops)

TSTOP bit in the TRACR register.

the TSTOP bit in the TRICRO
register.

Interrupt request
generation
timing

When timer RA underflows [timer RA
interrupt].

When the counter underflows.

Pin functions

TRAIO pin: pulse output, programmable
output port

TRAO pin: programmable /O port or
inverted output of TRAIO

TRJIOO pin: pulse output
TRJOO pin: programmable 1/O port
or TRJOO pin output

Read from timer

The count value can be read by reading
registers TRA and TRAPRE.

The read value is read from the
counter TRJO register.

Write to timer

* When registers TRAPRE and TRA are
written while the count is stopped, values are
written to both the reload register and
counter.

« When registers TRAPRE and TRA are
written during the count, values are written to
the reload register and counter.

The write value is written to the
reload register.

Selectable
functions

» TRAIO signal polarity switch function
* TRAO output function

* Pulse output stop function

* TRAIO pin select function

* TRAO pin select function

» TRJIOO signal polarity switch
function

* TRJOO output function

* Pulse output stop function

* TRJIOO pin select function

* TRJOO pin select function

« Coordination with the event link
controller (ELC).
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2.4 Differences in Event Counter Mode
The operation of event counter mode in timer RA of R8C/36M Group corresponds to event counter mode in timer RJ

of RL78/G14.

Table 2.4 lists the differences between event counter mode in timer RA of R8C/36M Group and operation as event
counter mode in timer RJ of RL78/G14.

Table 2.4 Differences between Timer RA (Event Counter Mode) and Timer RJ (Event Counter Mode)

Iltem

R8C/36M Group
(Timer RA (Event Counter Mode))

RL78/G14
(Timer RJ (Event Counter Mode))

Count source

External signal which is input to TRAIO pin
(active edge selectable by a program)

External event signal (count source)
input to the TRJIOO pin (active edge
selectable by a program)

Count operations

e Decrement

* When the timer underflows, the contents of
the reload register are reloaded and the
count is continued.

e Decrement

* When the timer underflows, the
contents in the reload register is
reloaded and the count is continued.

Divide ratio

1/(n+1)(m+1)
n: setting value of TRAPRE register, m:
setting value of TRA register

1/(n+1)
n: Value set in TRJO register

Count start

1 (count starts) is written to the TSTART bit

1 (count starts) is written to the

condition in the TRACR register. TSTART bit in the TRICRO register.
. . . . « 0 (count stops) is written to the
_ 0 (count stops) is written to the TSTART bit TSTART bit in the TRICRO register.
Count stop in the TRACR register. « 1 (count forcibly stops) is written to
conditions « 1 (count forcibly stops) is written to the ( y stops)

TSTOP bit in the TRACR register.

the TSTOP bit in the TRICRO
register.

Interrupt request
generation
timing

When timer RA underflows [timer RA
interrupt].

When the counter underflows.

Pin functions

TRAIO pin: count source input
TRAO pin: programmable I/O port or pulse
output

TRJIOO pin: event input pin
TRJOO pin: programmable 1/O port
or toggle output

Read from timer

The count value can be read by reading
registers TRA and TRAPRE.

The read value is read from the
counter TRJO register.

Write to timer

* When registers TRAPRE and TRA are
written while the count is stopped, values are
written to both the reload register and
counter.

« When registers TRAPRE and TRA are
written during the count, values are written to
the reload register and counter.

The write value is written to the
reload register.

Selectable
functions

* TRAIO input polarity switch function

» Count source input pin select function
* Pulse output function

* TRAO pin select function

« Digital filter function

« Event input control function

* TRJIOO input polarity switch
function

« Count source input pin select
function

* Pulse output function

* TRJOO pin select function

« Digital filter function

« Event input control function

* Coordination with the event link
controller (ELC).
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2.5

Differences in Pulse Width Measurement Mode

The operation of pulse width measurement mode in timer RA of R8C/36M Group corresponds to pulse width
measurement mode in timer RJ of RL78/G14.
Table 2.5 lists the differences between pulse width measurement mode in timer RA of R8C/36M Group and operation
as pulse width measurement mode in timer RJ of RL78/G14.

Table 2.5 Differences between Timer RA (Pulse Width Measurement Mode) and Timer RJ (Pulse
Width Measurement Mode)

Item

R8C/36M Group
(Timer RA (Pulse Width Measurement
Mode))

RL78/G14
(Timer RJ (Pulse Width
Measurement Mode))

Count sources

f1, f2, 18, fOCO, fC32, fC

fouk, fewk/2, feuk/8, fiL, fsus, or event
input from the event link controller
(ELC) selectable

Count operations

» Decrement

« Continuously counts the selected signal
only when measurement pulse is “H” level,
or conversely only “L” level.

* When the timer underflows, the contents of
the reload register are reloaded and the
count is continued.

» Decrement

« When the level specified by the
TEDGSEL bit in the TRJIOCO
register is input to the TRJIOO pin,
the decrement is started with the
selected count source. When the
specified level on the TRJIOO pin
ends, the counter is stopped, the
TEDGF bit in the TRJCRO register is
set to 1 (active edge received).

Count start

1 (count starts) is written to the TSTART bit

1 (count starts) is written to the

condition in the TRACR register. TSTART bit in the TRICRO register.
. . . . « 0 (count stops) is written to the
_ 0 (count stops) is written to the TSTART bit TSTART bit in the TRICRO register.
Count stop in the TRACR register. « 1 (count forcibly stops) is written to
conditions « 1 (count forcibly stops) is written to the y stop

TSTOP bit in the TRACR register.

the TSTOP bit in the TRICRO
register.

Interrupt request
generation
timing

* When timer RA underflows [timer RA
interrupt].

« Rising or falling of the TRAIO input (end of
measurement period) [timer RA interrupt]

« When the counter underflows.

* When the measurement of the
active width of the external input
(TRJIOO) is completed.

Pin functions

TRAIO pin: measured pulse input
TRAO pin: programmable I/O port

TRJIOO pin: external signal input
TRJOO pin: programmable 1/O port
or TRJOO pin output

Read from timer

The count value can be read by reading
registers TRA and TRAPRE.

The read value is read from the
counter TRJO register.

Write to timer

* When registers TRAPRE and TRA are
written while the count is stopped, values are
written to both the reload register and
counter.

* When registers TRAPRE and TRA are
written during the count, values are written to
the reload register and counter.

The write value is written to the
reload register.

Selectable
functions

« Measurement level setting
» Measured pulse input pin select function
« Digital filter function

« Measurement level setting

» Measured pulse input pin select
function

« Digital filter function
 Coordination with the event link
controller (ELC).
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2.6 Differences in Pulse Period Measurement Mode

The operation of pulse period measurement mode in timer RA of R8C/36M Group corresponds to pulse period
measurement mode in timer RJ of RL78/G14.

Table 2.6 lists the differences between pulse period measurement mode in timer RA of R8C/36M Group and
operation as pulse period measurement mode in timer RJ of RL78/G14.

Table 2.6 Differences between Timer RA (Pulse Period Measurement Mode) and Timer RJ (Pulse
Period Measurement Mode)

Iltem

R8C/36M Group
(Timer RA (Pulse Period Measurement
Mode))

RL78/G14
(Timer RJ (Pulse Period
Measurement Mode))

Count sources

f1, f2, 18, fOCO, fC32, fC

fouk, fewk/2, feuk/8, fiL, fsus, or event
input from the event link controller
(ELC) selectable

Count operations

* Decrement

« After the active edge of the measured
pulse is input, the contents of the read-out
buffer are retained at the first underflow of
timer RA prescaler. Then timer RA reloads
the contents in the reload register at the
second underflow of timer RA prescaler and
continues counting.

» Decrement

« When a pulse with the period
specified by the TEDGSEL bit in the
TRJIOCO register is input to the
TRJIOO pin, the count value is
transferred to the read-out buffer at
the rising edge of the count source.
The value in the reload register is
loaded to the counter at the next
rising edge.

Count start

1 (count starts) is written to the TSTART bit

1 (count starts) is written to the

condition in the TRACR register. TSTART bit in the TRICRO register.
. . . . « 0 (count stops) is written to the
_ 0 (count stops) is written to the TSTART bit TSTART bit in the TRICRO register.
Count stop in the TRACR register. « 1 (count forcibly stops) is written to
conditions « 1 (count forcibly stops) is written to the y stop

TSTOP bit in the TRACR register.

the TSTOP bit in the TRICRO
register.

Interrupt request
generation
timing

* When timer RA underflows or reloads.
« Rising or falling of the TRAIO input (end of
measurement period).

* When the counter underflows.
* When the set edge of the external
input (TRJIOO) is input.

Pin functions

TRAIO pin: measured pulse input
TRAO pin: programmable I/O port

TRJIOO pin: external signal input
TRJOO pin: programmable 1/O port
or TRJOO pin output

Read from timer

The count value can be read by reading
registers TRA and TRAPRE.

The read value is read from the
counter TRJO register.

Write to timer

* When registers TRAPRE and TRA are
written while the count is stopped, values are
written to both the reload register and
counter.

* When registers TRAPRE and TRA are
written during the count, values are written to
the reload register and counter.

The write value is written to the
reload register.

Selectable
functions

« Measurement period selection
» Measured pulse input pin select function
« Digital filter function

« Measurement period selection

» Measured pulse input pin select
function

« Digital filter function
 Coordination with the event link
controller (ELC).
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to Timer RJ

2.7 Assigned I/O Pins
Table 2.7 lists the 1/0 pins assigned for use in RBC/36M Group.

Table 2.7 R8C/36M Group I/O Pins

Pin Name Assigned Pins le]
INT2 P6_6 or P3_2 Input
TRAIO P1_5,P1_7o0rP3_2 I/0
TRAO P3_0,P3_7o0rP5_6 Output

Table 2.8 lists the 1/0 pins assigned for use in RL78/G14.

Table 2.8 RL78/G14 1/O Pins

Pin Name Assigned Pins le]
INTP4 P31, P55 Note 1/ gr P146 Note 2 Input
TRJIOO P01, P31, P41 Note 3 gr PQg Note 4 I/0
TRJOO P00, P30 or P50 Output

Notes: 1. This pin is only available on 64-pin and 80-pin packages.
2. This pin is only available on 100-pin package.
3. This pin is only available on 44-pin, 48-pin, 52-pin, 64-pin, 80-pin, and 100-pin packages.
4. This pin is only available on 64-pin, 80-pin, and 100-pin packages.
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2.8 Register Compatibility
Register compatibilities between timer RA in R8C/36M Group and timer RJ in RL78/G14 are listed in Table 2.9.

Table 2.9 Register Compatibility

Item R8C/36M Group RL78/G14
Count start * TRACR rfegister * TRICRO .register
TSTART bit TSTART bit
* TRACR register * TRICRO register
Count status flag TCSTF bit TCSTF bit
Count forcible stop . TRACR.register . TRJCRQ register
TSTOP bit TSTOP hit Note 1
Active edge judgment * TRACR register * TRICRO register
flag TEDGF bit TEDGF bit
* TRACR register * TRICRO register
Underflow flag TUNDEF bit TUNDEF bit
Polarity switch * TRAIOC register * TRJIOCO rt_agister
TEDGSEL bit TEDGSEL bit
. * TRAIOC register  Port mode register
O pin output control TOPCR bit * Port register
Output pin output * TRAIOC register * TRJIOCO register
enable TOENA bit TOENA bit
Hardware LIN function * TRAIOC register N/A
select TIOSEL bit

I/O pin input filter
select

* TRAIOC register
Bits TIPFO and TIPF1

* TRJIOCO register
Bits TIPFO and TIPF1

Event input control

* TRAIOC register
Bits TIOGTO and TIOGT1 Note2

* TRJIOCO register

Bits TIOGTO and TIOGT1
* TRIMRO register
TEDGPL bit

* TRJISRO register Noe 3

Operating mode select

* TRAMR register
Bits TMODO to TMOD2

* TRIMRO register
Bits TMODO to TMOD2

Count source select

*« TRAMR register
Bits TCKO to TCK2

* TRIMRO register
Bits TCKO to TCK2
* OSMC register

Count source cutoff

* TRAMR register
TCKCUT bit

N/A

Input clock control

N/A

« PERL1 register
TRJOEN bit

Counter

* TRAPRE register
* TRA register

* TRJO register

Pin select

* TRASR register

* PIORL1 register

Notes: 1. Only writing is enabled; this bit cannot be read.
2. When using event input enabled at INT2 level, also set registers related to INT2.
3. This register can be used only in event counter mode.
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2.8.1 Differences between 1/O Control Registers

When using the R8C/36M Group MCU in pulse output mode, the TOPCR bit in the TRAIOC register controls output
of the TRAIO pin. In contrast, the PMxx register in the RL78/G14 MCU controls port output (xx =0 to 8, 10 to 12, 14,

and 15). As RL78/G14 supports the hardware LIN using channel 3 in timer array unit 0 and UARTO in the serial array
unit, it does not include the TIOSEL bit in the TRAIOC register.

TRAIOC (R8C/36M Group)

b7 b6 b5 b4 b3 b2 bl bo
TIOGTL | TIOGTO | TIPF1 TIPFO TIOSEL TOENA TOPCR | TEDGSEL
TRIIOCO (RL78/G14)
b7 b6 b5 b4 b3 b2 bl bO
| TioGT1 | TIOGTO | TIPF1 | TIPFO | - TOENA - TEDGSEL
2.8.2 Differences between Mode Registers

The R8C/36M Group MCU controls to provide or cut off the count source by the TCKCUT bit in the TRAMR
register, however, RL78/G14 does not include the TCKCUT bit. In addition, RL78/G14 has options to select event

input from the ELC by bits TCKO to TCK2 in the TRIMRO register and to set the TEDGPL bit to specify the TRJIO0
edge polarity (one edge or both edges) in event counter mode.

TRAMR (R8C/36M Group)

b7 b6 b5 b4 b3 b2 bl bo
[ Tckcut | TCK2 | TCK1 |  TCKO | - | T™MOD2 | TMOD1 | TMODO |
TRIMRO (RL78/G14)

b7 b6 b5 b4 b3 b2 bl bo
| - | TCK2 | TCK1 | TCKO | TEDGPL | TMOD2 | TMOD1 | TMODO |
2.8.3

Differences between Timer RA and Timer RJ Counter Registers

While an 8-bit prescaler and a timer counts events in the R8BC/36M Group MCU, a 16-bit down counter counts events
in RL78/G14.

TRA (R8C/36M Group)

b7 b6 b5 b4 b3 b2 bl bo
TRAPRE (R8C/36M Group)
b7 b6 b5 b4 b3 b2 bl bo
TRJO (RL78/G14)

b15 bl4 Db13 bl2 b1l DblO b9 b8 b7 b6 bS5

RO1AN4216EC0101 Rev.1.01 Page 14 of 113
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284 Differences between the Timer RA Pin Select Register and Timer RJ Event Pin

Select Register

In the R8C/36M Group MCU, the TRASR register is used to assign pins. The PIORL1 register assigns pins in
RL78/G14. In addition, the TRJISRO register is used to specify the timer output signal, INTP4 polarity, and timer

output signals in RL78/G14.

TRASR (R8C/36M Group)

b7 b6 b5 b4 b3 b2 b1l b0
_ _ _ TRAO TRAO _ TRAIO TRAIO
SEL1 SELO SEL1 SELO
PIOR1 (RL78/G14)
b7 b6 b5 b4 b3 b2 b1l b0
- | - | - - PIOR13 PIOR12 PIOR11 PIOR10
TRJISRO (RL78/G14)
b7 b6 b5 b4 b3 b2 b1l b0
RCCP RCCP RCCP
SEL2 SEL1 SELO
RO1AN4216EC0101 Rev.1.01 Page 15 of 113
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3. Major Differences between Notes on Timers

3.1 Controlling Timer Count Start and Stop

After writing 1 to the TSTART bit while the timer stops counting, the TCSTF bit is set to 0 for the period listed in
Table 3.1.

Table 3.1 Period to Start Counting

RL78/G14
R8C/36M Group Event count mode is set or the count Other than "event count mode is set
source is set to the ELC or the count source is set to the ELC"
Oto 1 cycles of 2 cycles of the CPU clock 3 cycles of the count source
the count source

After writing 0 to the TSTART bit when the timer is counting, the TCSTF bit is set to 1 for the period listed in Table
3.2.

Table 3.2 Period to Stop Counting

RL78/G14
R8C/36M Group Event count mode is set or the count Other than "event count mode is set
source is set to the ELC or the count source is set to the ELC"
Oto 1 cycles of 2 cycles of the CPU clock 3 cycles of the count source
the count source

3.2 Setting When Not Using Timer RJ

When not using timer RJ is not used in the RL78/G14, set bits TMOD2 to TMODO in the TRIMRO register to 000B
(set to timer mode), and the TOENA bit in the TRIIOCO register to O (set to disable the TRJOO output).

3.3 Notes When Using the Digital Filter

When using the digital filter in the RL78/G14, set bits TIPFO and TIPF1 in the TRIIOCO register, and wait for 5
cycles of the digital filter clock before starting the timer. When the TEDGSEL bit in the TRIIOCO register is changed
while the digital filter is used, wait for 5 cycles of the digital filter clock before starting the timer as well.

3.4 Notes On Specifying fi. as the Count Source

When fy_is specified as the count source for the RL78/G14, set the WUTMMCKO bit in the OSMC register to 1. Note
that fi_ cannot be specified as the count source of timer RJ if fsyg is specified as the count source of the real-time
clock or 12-bit interval timer.

RO1AN4216EC0101 Rev.1.01 Page 16 of 113
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4. How to Migrate Timer RA in this Sample Code
In this sample program, the operation of timer RA of R8C/36M group is realized with RL78/G14 by the method

shown in Table 4.1.

For detailed contents of the sample program, please refer to "5. Example of Migration from Timer Mode" ~"9.
Example of Migration from Pulse Period Measurement Mode "

Table 4.1 How to migrate from R8C/36M Group to RL78/G14 in this sample program

Timer RA in R8C/36M

Timer RJ in RL78/G14

Mode

Mode

Timer mode

Timer mode

Pulse output mode

Pulse output mode

Event counter mode

Event counter mode

Pulse width measurement mode

Pulse width measurement mode

Pulse period measurement mode

Pulse period measurement mode

RO1AN4216EC0101 Rev.1.01
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5. Example of Migration from Timer Mode

5.1 Specifications

The same operation as that in timer mode in timer RA of R8C/36M can be realized by using timer RJ of RL78/G14.
In timer mode, the count value is decremented by 1 each time the count source is input. When the count value reaches
0000H and the next count source is input, an underflow occurs and an interrupt request is generated.

Table 5.1 lists the peripheral functions to be used and their uses (example of migration from timer mode), and Figure
5.1 shows the operation overview (example of migration from timer mode).

Table 5.1 Peripheral Functions to be Used and Their Uses

(Example of Migration from Timer Mode)

Peripheral Function Use

Timer RJ (timer mode) The count source is counted.

Timer RJ

. . Interrupt signal |_| |_|
Operation cIock{ Timer Mode ]—» (INTTRJO)

Figure 5.1 Operation Overview (Example of Migration from Timer Mode)
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5.2 Operation Check Conditions
The sample code described in this chapter has been checked under the conditions listed in the table below.

Table 5.2 Operation Check Conditions

Item Description

Microcontroller used RL78/G14 (R5F104LEAFB)

Operating frequency High-speed on-chip oscillator (HOCO) clock: 32 MHz
CPU/peripheral hardware clock: 32 MHz

Operating voltage 5.0V (can run on a voltage range of 2.9 Vto 5.5 V.)
LVD operation (Vivp): Reset mode 2.81 V (2.76 V to 2.87 V)

Integrated development CS+ V6.00.00 from Renesas Electronics Corp.

environment (CS+)

C compiler (CS+) CC-RL V1.05.00 from Renesas Electronics Corp.

Integrated development e? studio V6.0.0 from Renesas Electronics Corp.

environment (e? studio)

C compiler (e? studio) CC-RL V1.05.00 from Renesas Electronics Corp.

5.3 Description of Hardware

531 Hardware Configuration Example
Figure 5.2 shows an example of hardware configuration that is used for this chapter.

VoD Vop

EVoro RESET j

Vbbp

RL78/G14
POO }—» | | I
—— —— REGC

EVsso

Ves P40/TOOLO [«—> For on-chip debugger
/8

Figure 5.2 Hardware Configuration (Timer Mode)

Cautions: 1. The purpose of this circuit is only to provide the connection outline and the circuit is simplified
accordingly. When designing and implementing an actual circuit, provide proper pin treatment and make
sure that the hardware's electrical specifications are met (connect the input-only ports separately to Vpp
or Vss via a resistor).

2. Connect any pins whose name begins with EVss to Vss and any pins whose name begins with EVpp to
Vpp, respectively.
3. Vpp must be held at not lower than the reset release voltage (Vyvp) that is specified as LVD.

RO1AN4216EC0101 Rev.1.01 Page 19 of 113
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5.3.2 List of Pins to be Used

Table 5.3 lists the pins to be used and their functions.

Table 5.3 Pins to be Used and Their Functions

Pin Name

I/0

Description

POO Output

Toggle the output level when timer RJ interrupt occurs.

5.4 Description of Software

541 Operation Outline

This chapter describes how to set up the timer mode of timer RJ.
This setup is followed by operation for counting the number of timer interrupts (INTTRJO) generated by the interval
timer. Each time the count reaches 1 ms, the output level of P00 is inverted.

Table 5.4 lists the peripheral functions to be used and their uses. Figure 5.3 shows the timer mode and its interrupt

operation.

(1) Initialize the timer RJ.
<Conditions for setting>

Use the timer mode as the timer RJ operation mode.
Select fcik as the count source of timer RJ.

Initialize timer RJ counter register 0 (TRJ0), and set the timer interval to 1 ms.
Use timer interrupts (INTTRJO) from timer RJ.

(2) Sets "1" (starts counter operation) to TSTART bit of TRICRO register to start the count of timer RJ.

(3) Execute a HALT instruction to wait for timer interrupts (INTTRJO).

(4) When the interrupt request is generated at 1 ms interval, toggles the output level of P00 pin.

(5) The sample code returns to step (3) to executes HALT instruction and waits for the next timer interrupt (INTTRJO)

from timer RJ.

RO1AN4216EC0101 Rev.1.01
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Table 5.4 Peripheral Functions to be Used and Their Uses

Peripheral Function Use

Timer RJ Control for inversion of the POO pin output.

1
Count source P
LS U SO

Reload register Value (7CFFH)

Counter reloading occurs

T
1
|
]
1

Timer RJO Counter|7CFFH|7CFEH! f 50001H|0000H|7CFFH|7CFEHI wsese ' 50001H|0000H
|

1
|
]
1
T
]
1
i
1
i
|7CFFH|7CFEH' : 50001H|
! !
! i
TUNDF bit in H 1]
TRJCRO register ! !
i A i
! Anunderflow  Setto 0 by a i An underflow Setto 0 by a
: occurs program : occurs program
1
TRJIFO bit ! i
1
! / ' A
! Acknowledgement of  Acknowledgement of
! an interrupt request ! aninterrupt request
P00 ! i

4 t
Toggle the output level Toggle the output level

Figure 5.3 Overview of Timer RJ Operation and Interrupts (Timer Mode)
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5.4.2 List of Option Byte Setting
Table 5.5 summarizes the settings of the option bytes.

Table 5.5 Option Byte Settings

Address Value Description
000COH/010COH 01101110B Disables the watchdog timer.
(Stops counting after the release from the reset state.)
000C1H/010C1H 01111111B LVD reset mode which uses 2.81 V (2.76 V to 2.87 V)
000C2H/010C2H 11101000B HS mode, HOCO: 32 MHz
000C3H/010C3H 10000100B Enables the on-chip debugger.

54.3 List of Functions
Table 5.6 lists the functions that are used in this sample program.

Table 5.6 Functions

Function Name Outline
R_TMR_RJO_Create() Initializes timer RJ.
R_TMR_RJO_Start() Starts timer RJ operation.
r_tmr_rjO_interrupt() Processes timer interrupts on timer RJ.

544 Function Specification

The followings are the functions that are used in this sample program.

[Function Name] R_TMR_RJO_Create()

Synopsis Initializes timer RJ
Header r_cg_macrodriver.h
r_cg_timer.h
r_cg_userdefine.h
Declaration void R_TMR_RJO_Create(void)
Explanation This function initializes timer RJ.
Arguments None
Return value None
Remarks None

[Function Name] R_TMR_RJO_Start()

Synopsis Starts timer RJ operation
Header r_cg_macrodriver.h
r_cg_timer.h
r_cg_userdefine.h
Declaration void R_TMR_RJO_Start(void)
Explanation This function enables timer RJ interrupts and starts count operation.
Arguments None
Return value None
Remarks None
RO1AN4216EC0101 Rev.1.01 Page 22 of 113
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[Function Name] r_tmr_rjO_interrupt ()

Synopsis Timer RJ interrupt processing
Header r_cg_macrodriver.h
r_cg_timer.h
r_cg_userdefine.h
Declaration static void __near r_tmr_rjO_interrupt(void)
Explanation This function toggles the output level of POO.
Arguments None
Return value None
Remarks None
RO1AN4216EC0101 Rev.1.01 Page 23 of 113
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5.4.5 Flow Chart

5.4.5.1 Overall Flow
Figure 5.4 shows the overall flow of the sample program described in this chapter.

O

Initialization function The option bytes are referenced before
hdwinit() the initialization function is called.
main()

|
e

Figure 5.4 Overall Flow

5.4.5.2 Initialization Function
Figure 5.5 shows the flowchart for the initialization function.

( hdwinit() >

Disable interrupts

IE<~O

System function
R_Systeminit()

v

< return >

Figure 5.5 Initialization Function
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5.4.5.3 System Function
Figure 5.6 shows the flowchart for the system function.

( R_Systeminit() >

Do not use peripheral /0
redirection function

Set CPU clock
R_CGC_Create()

Set I/O ports
R_PORT_Create()

Set timer RJ
R_TMR_RJO_Create()

Disabled the invalid memory
access detection

Y

( return >

PIORO register «— 00000000B
PIOR1 register «— 00000000B

IAWCTL register — 00000000B

Figure 5.6 System Function
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5.4.5.4 CPU Clock Setting

Figure 5.7 shows the flowchart for setting the CPU clock.

< R_CGC_Create() >

Set up high-speed system
clock/subsystem clock

Select CPU/peripheral hardware
clock (fcwk)

Set the operating clock of
subsystem clock

High-speed on-chip oscillator
operating

v
D

CMC register — 00H: Do not use high-speed system clock
and subsystem clock.

MSTOP bit — 1

XTSTOP bit < 1

MCMO bit < 0: Select high-speed OCO clock (fi) as main system
clock (fman).
CSS bit «+ 0: Select main system clock (fwan) as CPU/peripheral
hardware clock (fcik).

OSMC register — 10H

RTCLPC bit < 0: Enables supply of subsystem clock to peripheral functions

WUTMMCKO bit < 1: Operating clock of timer RJ can select the low-speed
on-chip oscillator or the subsystem clock

HIOSTOP bit — 0: High-speed on-chip oscillator operating

Figure 5.7 CPU Clock Setting
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5.4.5.5 1/O Port Setting

Figure 5.8 shows the flowchart for setting the 1/0 ports.

< R_PORT_Create()

D

Set P00 as output port

Users can add a program to set
unused ports according to their needs.

< return

D

POO bit «— 0
PMQO bit 0

: Output O
: Output mode

Figure 5.8 /0 Port Setting

Caution:  Please provide proper pin treatment and make sure that the electrical specifications are met. Connect each of
any unused input-only ports to Vpp or Vss via a separate resistor.
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5.4.5.6 Timer RJ Setting
Figure 5.9 shows the flowchart for setting timer RJ.

( R_TMR_RJO_Create() )

. PER1 register
Enable clock supply to timer RJ TRJOEN bit — 1

Stops count of timer RJ

TRJCRO register
TSTART bit < 0: Stops count.

] ] ] MK1H register
Timer RJ interrupt disable TRJIMKO bit «— 1: Disables INTTRJO interrupt
IF1H register

TRJIFO bit « 0: Clear interrupt request
PR11H and PRO1H register

TRJPR10 « 1, TRJPROQO bit «— 1: Level 3

. TRJIMRO register < 00H
TRIMRO register setup TCK2 ~ TCKO bit < 000B: Count source fcix
TMOD2 ~ TMODO bit «<— 000B: Timer mode

TRJO register setup TRJO register «— 7CFFH (31999) : 1ms = (1/32MHz) x 32000

A 4

( return )

Figure 5.9 Timer RJ Setting
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Start supplying clock to Timer RJ
« Peripheral enable register 1 (PER1)
Starts to supply clock to timer RJ.

Symbol: PER1
7 6 5 4 3 2 1 0
DACEN TRGEN CMPEN TRDOEN DTCEN 0 0 TRJOEN
1
Bit 0
TRJOEN Control of timer RJO input clock supply
1 Enables input clock supply.
* SFR used by timer RJO can be read/written.
x: Bits not used in this setting item
Caution;:  For details on the register setup procedures, refer to RL78/G14 User's Manual: Hardware.
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Setup of timer RJ operation and interrupt level

 Timer RJ control register 0 (TRJCRO)
Stops Timer RJ counter operation.
Sets the interrupt cycle.

Symbol: TRICRO

7 6 5 4 3 2 1 0
0 0 TUNDF TEDGF 0 TSTOP TCSTF TSTART
0
Bit 0
TSTART Timer RJ count start
0 Count stops
Disabling timer RJ interrupt
* Interrupt mask flag register (MK1H)
Disables interrupt processing.
« Interrupt request flag register (IF1H)
Clears the interrupt request flag.
Symbol: MK1H
7 6 5 4 3 2 1 0
SRMK3 STMK3
TMMK10 TRJIMKO CSIMK31 | CSIMK30 KRMK ITMK RTCMK ADMK
ICMK31 IICMK30
1
Bit 6
TRIMKO Interrupt servicing control
1 Interrupt servicing disabled
Symbol: IF1H
7 6 5 4 3 2 1 0
SRIF3 STIF3
TMIF10 TRJIFO CSIIF31 CSIIF30 KRIF ITIF RTCIF ADIF
[ICIF31 IICIF30
0
Bit 6
TRJIFO Interrupt request flag
0 No interrupt request signal is generated.

x: Bits not used in this setting item

Caution:  For details on the register setup procedures, refer to RL78/G14 User's Manual: Hardware.
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Setting timer RJ interrupt priority level
« Priority Specification Flag Register (PR11H, PRO1H)
Specifies level 3 (low priority level).

Symbol: PR11H

7 6 5 4 3 2 1 0
SRPR13 STPR13
TMPR110| TRJPR10| CSIPR131| CSIPR130 KRPR1 ITPR1 RTCPR1 ADPR1
IICPR131 [ IICPR130
1
Symbol: PRO1H
7 6 5 4 3 2 1 0
SRPRO03 STPRO3
TMPR010| TRJPROO | CSIPR031| CSIPR030 KRPRO ITPRO RTCPRO ADPRO
IICPRO31 | IICPR0O30
1
Bit 6
TRJPR10 TRJPROO Priority level selection
1 1 Specify level 3 (low priority level)

x: Bits not used in this setting item

Caution:

For details on the register setup procedures, refer to RL78/G14 User's Manual: Hardware.
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Setting the timer RJ operation
 Timer RJ mode register 0 (TRIMRO)
Count source selection and operation mode selection.

Symbol: TRIMRO

7 6 5 4 3 2 1 0
0 TCK2 TCK1 TCKO TEDGPL TMOD2 TMOD1 TMODO
0 0 0 0 0 0
Bit 6 to 4
TCK2 TCK1 TCKO Timer RJ count source select
0 0 0 feik
Bit2to 0
TMOD2 TMOD1 TMODO Timer RJ operating mode select
0 0 0 Timer mode
Setting TRJO register
 Timer RJ counter register 0 (TRJO)
Setup of Timer RJ interrupt cycles.
Symbol: TRJO
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Lol +] 2] 1] 2] 1] of of 1] 2] 1] 2] 1] 1] 1] 1]

Generation of Timer RJ interrupt (INTTRJO)

X: Bits not used in this setting item

Caution:

= (Setup value of TRJO + 1) x Count clock period
1 ms = (31999 + 1) x (1/32000000)

For details on the register setup procedures, refer to RL78/G14 User's Manual: Hardware.
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5.4.5.7 Main Processing
Figure 5.10 shows the flowchart for main processing.

C

main() >

Main initializations setting IE—1
R_MAIN_Userlnit()

Start operation of
timer RJ
R_TMR_RJO_Start()

\ 4

Transit to HALT mode

Timer RJ interrupt request

Figure 5.10 Main Processing
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5.4.5.8 Timer RJ Operation Start
Figure 5.11 shows the flowchart for starting timer RJ operation.

< R_TMR_RJO_Start() >
TRJIFO bit — 0: Clears interrupt request flag.

Start operation of timer RJ TRJIMKO bit < 0: Enables timer RJ interrupt processing.

TSTART bit < 1: Starts counting.
< return >

Figure 5.11 Timer RJ Operation Start
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Configuring the timer interrupt

« Interrupt request flag register (IF1H)
Clears the interrupt request flag.
« Interrupt mask flag register (MK1H)

Enables interrupt processing.

Symbol: IF1H
7 6 5 4 3 2 1 0
SRIF3 STIF3
TMIF10 TRJIFO CSIIF31 CSIIF30 KRIF ITIF RTCIF ADIF
IICIF31 IICIF30
0
Bit 6
TRJIFO Interrupt request flag
0 No interrupt request signal is generated.
Symbol: MK1H
7 6 5 4 3 2 1 0
SRMK3 STMK3
TMMK10 TRJIMKO CSIMK31 | CSIMK30 KRMK ITMK RTCMK ADMK
IICMK31 IICMK30
0
Bit 6
TRIMKO Interrupt servicing control
0 Interrupt servicing enabled
Starting timer RJ counter operation
 Timer RJ control register 0 (TRJCRO)
Starts timer RJ counter operation.
Symbol: TRICRO
7 6 5 4 3 2 1 0
0 0 TUNDF TEDGF 0 TSTOP TCSTF TSTART
1
Bit 0
TSTART Timer RJ count start
1 Count starts

x: Bits not used in this setting item

Caution: For details on the register setup procedures, refer to RL78/G14 User's Manual: Hardware.
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5.4.5.9 INTTRJO Interrupt Processing
Figure 5.12 shows the flowchart for INTTRJO interrupt processing.

( r_tmr_rjO_interrupt() >

Toggle the output level of P00

l
D

Figure 5.12 INTTRJO Interrupt Processing
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6. Example of Migration from Pulse Output Mode

6.1 Specifications

The same operation as that in pulse output mode in timer RA of R8C/36M can be realized by using timer RJ of
RL78/G14.

In pulse output mode, the count value is decremented by 1 each time the count source is input. When the count value
reaches 0000H and the next count source is input, an underflow occurs and an interrupt request is generated.

In addition, a pulse can be output from pins TRJIO0 and TRJOO. The output level is inverted each time an underflow
occurs. The pulse output from the TRIJOO pin can be stopped by the TOENA bit in the TRIIOCO register.

Table 6.1 lists the peripheral functions to be used and their uses (example of migration from pulse output mode), and
Figure 6.1 shows the operation overview (example of migration from pulse output mode).

Table 6.1 Peripheral Functions to be Used and Their Uses

(Example of Migration from Pulse Output Mode)

Peripheral Function Use

Timer RJ (pulse output mode) The count source is counted and the output is inverted
at each underflow of the timer.

Timer RJ

_ Pulse output pin
Operation clock Pulse Output Mode (TRJIIO0)

Figure 6.1 Operation Overview (Example of Migration from Pulse Output Mode)
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6.2 Operation Check Conditions
The sample code described in this chapter has been checked under the conditions listed in the table below.

Table 6.2 Operation Check Conditions

Item Description

Microcontroller used RL78/G14 (R5F104LEAFB)

Operating frequency High-speed on-chip oscillator (HOCO) clock: 32 MHz
CPU/peripheral hardware clock: 32 MHz

Operating voltage 5.0V (can run on a voltage range of 2.9 Vto 5.5 V.)
LVD operation (VLVD): Reset mode 2.81 V (2.76 V to 2.87 V)

Integrated development CS+ V6.00.00 from Renesas Electronics Corp.

environment (CS+)

C compiler (CS+) CC-RL V1.05.00 from Renesas Electronics Corp.

Integrated development e? studio V6.0.0 from Renesas Electronics Corp.

environment (e? studio)

C compiler (e? studio) CC-RL V1.05.00 from Renesas Electronics Corp.

6.3 Description of Hardware

6.3.1 Hardware Configuration Example
Figure 6.2 shows an example of hardware configuration that is used for this chapter.

VoD Vob

EVooo RESET j

Vobp

RL78/G14
PO1/TRJIOO }b—» | l I
—— —— REGC

EVsso

Ves P40/TOOLO [«—> For on-chip debugger
/A

Figure 6.2 Hardware Configuration (Pulse Output Mode)

Cautions: 1. The purpose of this circuit is only to provide the connection outline and the circuit is simplified
accordingly. When designing and implementing an actual circuit, provide proper pin treatment and make
sure that the hardware's electrical specifications are met (connect the input-only ports separately to Vpp
or Vss via a resistor).

2. Connect any pins whose name begins with EVss to Vss and any pins whose name begins with EVpp to
Vpp, respectively.
3. Vpp must be held at not lower than the reset release voltage (Vivp) that is specified as LVD.
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6.3.2 List of Pins to be Used

Table 6.3 lists the pins to be used and their functions.

Table 6.3 Pins to be Used and Their Functions

Pin Name

I/0

Description

PO1/TRJIOO Output

Output pulse.

6.4 Description of Software

6.4.1 Operation Outline

This chapter describes how to set up the pulse output mode of timer RJ.

In this mode, the counter is decremented by the count source selected by bits TCKO to TCK2 in the TRIMRO register,
and the output level of TRJIOO0 pin is inverted each time an underflow occurs.

Table 6.4 lists the peripheral functions to be used and their uses. Figure 6.3 shows the pulse output mode and its

interrupt operation.

(1) Initialize the timer RJ.
<Conditions for setting>

Use the pulse output mode as the timer RJ operation mode.
Select fcik as the count source of timer RJ.
Initialize timer RJ counter register 0 (TRJ0), and set the timer interval to 1 ms.

(2) Sets "1" (starts counter operation) to TSTART bit of TRICRO register to start the count of timer RJ.

(3) Execute a HALT instruction to wait for timer interrupts (INTTRJO0).

(4) When the underflow occurs, output of TRJIOO pin is inverted.
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Table 6.4 Peripheral Functions to be Used and Their Uses

Peripheral Function Use

Timer RJ PO1/TRJIOO0 output pulse (timer interval is 1ms).

1
Count source P

Reload register Value (7CFFH)
T
H Counter reloading occurs | Counter reloading occurs
1
' i
Timer RJO Counter|7CFFH|7CFEH! aiadd E Laad EOOOlH|OOOOH 7CFFH|7CFEH! Laaed E soses 50001H|0000H|7CFFH|7CFEH| Lagaad E [raad EOOOlH
1

TEDGSEL bit in

TRJIOCO register 0
TRJIOO pin output
' i
TUNDF bit in
TRJCRO register |
A A [ 4
1An underflow SettoObya jAnunderflow Setto0bya
1occurs program joccurs program
TRJIFO bit
1 A ! A
Acknowledgement of Acknowledgement of
an interrupt request an interrupt request

Figure 6.3 Overview of Timer RJ Operation and Interrupts (Pulse Output Mode)
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6.4.2 List of Option Byte Setting
Table 6.5 summarizes the settings of the option bytes.

Table 6.5 Option Byte Settings

Address Value Description
000COH/010COH 01101110B Disables the watchdog timer.
(Stops counting after the release from the reset state.)
000C1H/010C1H 01111111B LVD reset mode which uses 2.81 V (2.76 V to 2.87 V)
000C2H/010C2H 11101000B HS mode, HOCO: 32 MHz
000C3H/010C3H 10000100B Enables the on-chip debugger.

6.4.3 List of Functions
Table 6.6 lists the functions that are used in this sample program.

Table 6.6 Functions

Function Name Outline
R_TMR_RJO_Create() Initializes timer RJ.
R_TMR_RJO_Start() Starts timer RJ operation.

6.4.4 Function Specification

The followings are the functions that are used in this sample program.

[Function Name] R_TMR_RJO_Create()

Synopsis Initializes timer RJ
Header r_cg_macrodriver.h
r_cg_timer.h
r_cg_userdefine.h
Declaration void R_TMR_RJO_Create(void)
Explanation This function initializes timer RJ.
Arguments None
Return value None
Remarks None

[Function Name] R_TMR_RJO_Start()

Synopsis Starts timer RJ operation
Header r_cg_macrodriver.h
r_cg_timer.h
r_cg_userdefine.h
Declaration void R_TMR_RJO_Start(void)
Explanation This function starts count operation.
Arguments None
Return value None
Remarks None
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6.4.5 Flow Chart

6.4.5.1 Overall Flow
Figure 6.4 shows the overall flow of the sample program described in this chapter.

O

Initialization function The option bytes are referenced before
hdwinit() the initialization function is called.
main()

|
e

Figure 6.4 Overall Flow

6.4.5.2 Initialization Function
Figure 6.5 shows the flowchart for the initialization function.

( hdwinit() >

Disable interrupts

IE<~O

System function
R_Systeminit()

v

< return >

Figure 6.5 Initialization Function
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6.4.5.3 System Function
Figure 6.6 shows the flowchart for the system function.

( R_Systeminit() >

Do not use peripheral /0
redirection function

Set CPU clock
R_CGC_Create()

Set I/O ports
R_PORT_Create()

Set timer RJ
R_TMR_RJO_Create()

Disabled the invalid memory
access detection

Y

( return >

PIORO register «— 00000000B
PIOR1 register «— 00000000B

IAWCTL register — 00000000B

Figure 6.6 System Function
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6.4.5.4 CPU Clock Setting

Figure 6.7 shows the flowchart for setting the CPU clock.

< R_CGC_Create() >

Set up high-speed system
clock/subsystem clock

Select CPU/peripheral hardware
clock (fcwk)

Set the operating clock of
subsystem clock

High-speed on-chip oscillator
operating

v
D

CMC register — 00H: Do not use high-speed system clock
and subsystem clock.

MSTOP bit — 1

XTSTOP bit < 1

MCMO bit < 0: Select high-speed OCO clock (fi) as main system
clock (fman).
CSS bit «+ 0: Select main system clock (fwan) as CPU/peripheral
hardware clock (fcik).

OSMC register — 10H

RTCLPC bit < 0: Enables supply of subsystem clock to peripheral functions

WUTMMCKO bit < 1: Operating clock of timer RJ can select the low-speed
on-chip oscillator or the subsystem clock

HIOSTOP bit — 0: High-speed on-chip oscillator operating

Figure 6.7 CPU Clock Setting
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6.4.5.5 1/0O Port Setting
Figure 6.8 shows the flowchart for setting the 1/0 ports.

( R_PORT_Create() >

Users can add a program to set
unused ports according to their needs.

A 4

< return >

Figure 6.8 1/0 Port Setting

Caution:  Please provide proper pin treatment and make sure that the electrical specifications are met. Connect each of
any unused input-only ports to Vpp or Vss Via a separate resistor.
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6.4.5.6 Timer RJ Setting

Figure 6.9 shows the flowchart for setting timer RJ.

( R_TMR_RJO_Create()

)

Enable clock supply to timer RJ

Stops count of timer RJ

Timer RJ interrupt disable

TRJIMRO register setup

TRJIOCO register setup

TRJO register setup

Set TRJIOO0 / TRJOO pin

v

( return

PER1 register
TRJOEN bit «+— 1

TRJCRO register
TSTART bit < 0: Stops count.

MK1H register

TRJIMKO bit < 1: Disables INTTRJO interrupt
IF1H register

TRJIFO bit < 0: Clear interrupt request

TRJIMRO register « 01H
TCK2 ~ TCKO bit < 000B: Count source fcix
TMOD2 ~ TMODO bit «+ 001B: Pulse output mode

TRJIOCO register <— 00H
TOENA bit < 0: TRJO output disabled (port)
TEDGSEL bit < 0: Output is started at high (Initialization level: High)

TRJO register «— 7CFFH (31999) : 1ms = (1/32MHz) x 32000

PO1 bit < O
PMO1 bit — 0

Figure 6.9 Timer RJ Setting
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Start supplying clock to Timer RJ
« Peripheral enable register 1 (PER1)
Starts to supply clock to timer RJ.

Symbol: PER1
7 6 5 4 3 2 1 0
DACEN TRGEN CMPEN TRDOEN DTCEN 0 0 TRJOEN
1
Bit 0
TRJOEN Control of timer RJO input clock supply
1 Enables input clock supply.
* SFR used by timer RJO can be read/written.
x: Bits not used in this setting item
Caution;:  For details on the register setup procedures, refer to RL78/G14 User's Manual: Hardware.
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Setup of timer RJ operation and interrupt level

 Timer RJ control register 0 (TRJCRO)
Stops Timer RJ counter operation.
Sets the interrupt cycle.

Symbol: TRICRO

7 6 5 4 3 2 1 0
0 0 TUNDF TEDGF 0 TSTOP TCSTF TSTART
0
Bit 0
TSTART Timer RJ count start
0 Count stops
Disabling timer RJ interrupt
* Interrupt mask flag register (MK1H)
Disables interrupt processing.
« Interrupt request flag register (IF1H)
Clears the interrupt request flag.
Symbol: MK1H
7 6 5 4 3 2 1 0
SRMK3 STMK3
TMMK10 TRJIMKO CSIMK31 | CSIMK30 KRMK ITMK RTCMK ADMK
ICMK31 IICMK30
1
Bit 6
TRIMKO Interrupt servicing control
1 Interrupt servicing disabled
Symbol: IF1H
7 6 5 4 3 2 1 0
SRIF3 STIF3
TMIF10 TRJIFO CSIIF31 CSIIF30 KRIF ITIF RTCIF ADIF
[ICIF31 IICIF30
0
Bit 6
TRJIFO Interrupt request flag
0 No interrupt request signal is generated.

x: Bits not used in this setting item

Caution:  For details on the register setup procedures, refer to RL78/G14 User's Manual: Hardware.
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Setting the timer RJ operation
 Timer RJ mode register 0 (TRIMRO)
Count source selection and operation mode selection.

Symbol: TRIMRO

7 6 5 4 3 2 1 0
0 TCK2 TCK1 TCKO TEDGPL TMOD2 TMOD1 TMODO
0 0 0 0 0 1
Bit 6 to 4
TCK2 TCK1 TCKO Timer RJ count source select
0 0 0 feik
Bit2to 0
TMOD2 TMOD1 TMODO Timer RJ operating mode select
0 0 1 Pulse output mode
* Timer RJ 1/O control register 0 (TRJIOCO)
The input/output of timer RJ setting.
Symbol: TRJIOCO
7 6 5 4 3 2 1 0
TIOGT1 TIOGTO TIPF1 TIPFO 0 TOENA 0 TEDGSEL
0 0
Bit 2
TOENA TRJO output enable

TRJO output disabled (port)

Bit 0

- Pulse output mode

TEDGSEL

TRJIO /O polarity switch

0

Output is started at high (Initialization level: High)

x: Bits not used in this setting item

Caution:

For details on the register setup procedures, refer to RL78/G14 User's Manual: Hardware.
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Setting TRJO register

 Timer RJ counter register 0 (TRJO)
Setup of Timer RJ interrupt cycles.

Symbol: TRJO
15 14 12 11 10 9 8 7 5 3 2 1 0
L o] 1] 1] 1] o] o] 1] L 1] 1] 1] 1]
Generation of Timer RJ interrupt (INTTRJ0) = (Setup value of TRJO + 1) x Count clock period
1 ms = (31999 + 1) x (1/32000000)
Setting TRJIOO0 pin
« Port register 0 (P0)
« Port mode register (PMO)
Set TRJIOO pin as output mode.

Symbol: PO

7 5 4 3 2 1 0

0 P06 P05 P04 P03 P02 P01 P0OO

0
Bit 1
PO1 Output data control (in output mode)
0 Output O

Symbol: PMO

7 5 4 3 2 1 0

1 PMO06 PMO05 PMO04 PMO03 PMO02 PMO1 PMO0O

0
Bit 1
PMO01 P01 pin I/O mode selection
0 Output mode (the pin functions as an output port (output buffer on))

x: Bits not used in this setting item

Caution:

For details on the register setup procedures, refer to RL78/G14 User's Manual: Hardware.
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6.4.5.7 Main Processing

Figure 6.10 shows the flowchart for main processing.

C

main() >

Main initializations setting

R_MAIN_UserlInit() IE—1

Start operation of timer RJ
R_TMR_RJO_Start()

Transit to HALT mode

Figure 6.10 Main Processing
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6.4.5.8 Timer RJ Operation Start

Figure 6.11 shows the flowchart for starting timer RJ operation.

< R_TMR_RJO_Start() >

Start operation of timer RJ

l

< return

TSTART bit < 1: Starts counting.

Figure 6.11 Timer RJ Operation Start
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Starting timer RJ counter operation
« Timer RJ control register 0 (TRJCRO)
Starts timer RJ counter operation.

Symbol: TRICRO

7 6 5 4 3 2 1 0
0 0 TUNDF TEDGF 0 TSTOP TCSTF TSTART
1
Bit 0
TSTART Timer RJ count start
1 Count starts

X: Bits not used in this setting item

Caution: For details on the register setup procedures, refer to RL78/G14 User's Manual: Hardware.
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7. Example of Migration from Event Counter Mode

7.1 Specifications

The same operation as that in event counter mode in timer RA of R8C/36M can be realized by using timer RJ of
RL78/G14.

In event counter mode, the counter is decremented by an external event signal (count source) input to the TRJIOO0 pin.
Various periods for counting events can be set by bits TIOGTO0 and TIOGT1 in the TRJIOCO register and the
TRJISRO register. In addition, the filter function for the TRJIOO input can be specified by bits TIPFO and TIPF1 in the
TRJIOCQO register.

Also, the output from the TRJOO pin can be toggled even in event counter mode.

Table 7.1 lists the peripheral functions to be used and their uses (example of migration from event counter mode), and
Figure 7.1 shows the operation overview (example of migration from event counter mode).

Table 7.1 Peripheral Functions to be Used and Their Uses

(Example of Migration from Event Counter Mode)

Peripheral Function Use

Timer RJ (event counter mode) The external event is counted.

Timer RJ

L S Timer RJ input Interrupt signal H H
! ! (TRJIO0) Event Count Mode (INTTRJO)

Edge detection

Figure 7.1 Operation Overview (Example of Migration from Event Counter Mode)
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7.2 Operation Check Conditions
The sample code described in this chapter has been checked under the conditions listed in the table below.

Table 7.2 Operation Check Conditions

Item Description

Microcontroller used RL78/G14 (R5F104LEAFB)

Operating frequency High-speed on-chip oscillator (HOCO) clock: 32 MHz
CPU/peripheral hardware clock: 32 MHz

Operating voltage 5.0V (can run on a voltage range of 2.9 Vto 5.5 V.)
LVD operation (VLVD): Reset mode 2.81 V (2.76 V to 2.87 V)

Integrated development CS+ V6.00.00 from Renesas Electronics Corp.

environment (CS+)

C compiler (CS+) CC-RL V1.05.00 from Renesas Electronics Corp.

Integrated development e? studio V6.0.0 from Renesas Electronics Corp.

environment (e? studio)

C compiler (e? studio) CC-RL V1.05.00 from Renesas Electronics Corp.

7.3 Description of Hardware

7.3.1 Hardware Configuration Example
Figure 7.2 shows an example of hardware configuration that is used for this chapter.

Vob

EVoro RESET —;g

Vbbp

RL78/G14

-
Ty —»| POL/TRJIO0

Edge detection P30/TRJOO }—» | | |

— — REGC
EVsso
Vss .
P40/TOOLO [«—> For on-chip debugger
/8

Figure 7.2 Hardware Configuration (Event Counter Mode)

Cautions: 1. The purpose of this circuit is only to provide the connection outline and the circuit is simplified
accordingly. When designing and implementing an actual circuit, provide proper pin treatment and make
sure that the hardware's electrical specifications are met (connect the input-only ports separately to Vpp
or Vss via a resistor).

2. Connect any pins whose name begins with EVss to Vss and any pins whose name begins with EVpp to
Vpp, respectively.
3. Vpp must be held at not lower than the reset release voltage (Vyvp) that is specified as LVD.
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7.3.2 List of Pins to be Used
Table 7.3 lists the pins to be used and their functions.

Table 7.3 Pins to be Used and Their Functions

Pin Name 1/0 Description
PO1/TRJIOO Input An external event signal (count source) is inputted.
P30/TRJOO Output The output level is inverted each time an underflow occurs.

7.4 Description of Software

7.4.1 Operation Outline

This chapter describes how to set up the event count mode of timer RJ.
This setup is followed by operation for an external event signal (count source) input to the TRJIOO pin. And the
output from the TRJOO pin can be toggled.

Table 7.4 lists the peripheral functions to be used and their uses. Figure 7.3 shows the event counter mode and its
interrupt operation.

(1) Initialize the timer RJ.
<Conditions for setting>
Use the event counter mode as the timer RJ operation mode.
TRJIOO0 edge polarity select rising edge, and event is always counted.
TRJIOO input filter select: filter sampled at fci .
Use TRJOO output the toggle level.

(2) Sets "1" (starts counter operation) to TSTART bit of TRICRO register to start the count of timer RJ.
(3) Execute a HALT instruction to wait for the external event signal.

(4) The external event signal input to TRJIOO pin is counted, inverts the output level from TRJOO pin each time an
underflow occurs.
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Table 7.4 Peripheral Functions to be Used and Their Uses

Peripheral Function

Use

Timer RJ

The external event signal input to TRJIOO pin is

counted, inverts the output level from TRJOO pin each

time an underflow occurs.

Bits TMOD2 to TMODO
in TRIMRO register

Control bit in
TRJIOCO register

TSTART bit
in TRICRO register

TRJIOO0 pin
event input

Timer RJO counter
TUNDF bit in

TRJICRO register

TRJIFO bit

Event counter mode is entered
A/

010B

Eventis counted at rising edge

00H

]
ho

FFFFH

|FFFEH|FFFDH|

Event input is started

[

I

ﬁ Event input is completed

, 0000H l

FFFFH| FFFEH

Counter initial value is set

—

A
Set to 0 by a program

-

*

Acknowledge ment of an interrupt request

Figure 7.3 Overview of Timer RJ Operation and Interrupts (Event Counter Mode)
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7.4.2 List of Option Byte Setting
Table 7.5 summarizes the settings of the option bytes.

Table 7.5 Option Byte Settings

Address Value Description
000COH/010COH 01101110B Disables the watchdog timer.
(Stops counting after the release from the reset state.)
000C1H/010C1H 01111111B LVD reset mode which uses 2.81 V (2.76 V to 2.87 V)
000C2H/010C2H 11101000B HS mode, HOCO: 32 MHz
000C3H/010C3H 10000100B Enables the on-chip debugger.

7.4.3 List of Functions
Table 7.6 lists the functions that are used in this sample program.

Table 7.6 Functions

Function Name Outline
R_TMR_RJO_Create() Initializes timer RJ.
R_TMR_RJO_Start() Starts timer RJ operation.

7.4.4 Function Specification

The followings are the functions that are used in this sample program.

[Function Name] R_TMR_RJO_Create()

Synopsis Initializes timer RJ
Header r_cg_macrodriver.h
r_cg_timer.h
r_cg_userdefine.h
Declaration void R_TMR_RJO_Create(void)
Explanation This function initializes timer RJ.
Arguments None
Return value None
Remarks None

[Function Name] R_TMR_RJO_Start()

Synopsis Starts timer RJ operation
Header r_cg_macrodriver.h
r_cg_timer.h
r_cg_userdefine.h
Declaration void R_TMR_RJO_Start(void)
Explanation This function starts count operation of timer RJ.
Arguments None
Return value None
Remarks None
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7.4.5 Flow Chart

7.4.5.1 Overall Flow
Figure 7.4 shows the overall flow of the sample program described in this chapter.

O

Initialization function The option bytes are referenced before
hdwinit() the initialization function is called.
main()

|
e

Figure 7.4 Overall Flow

7.4.5.2 Initialization Function
Figure 7.5 shows the flowchart for the initialization function.

( hdwinit() >

Disable interrupts

IE<~O

System function
R_Systeminit()

v

< return >

Figure 7.5 Initialization Function
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7.4.5.3 System Function
Figure 7.6 shows the flowchart for the system function.

( R_Systeminit() >

Do not use peripheral /0
redirection function

Set CPU clock
R_CGC_Create()

Set I/O ports
R_PORT_Create()

Set timer RJ
R_TMR_RJO_Create()

Disabled the invalid memory
access detection

Y

( return >

PIORO register «— 00000000B
PIOR1 register «— 00000000B

IAWCTL register — 00000000B

Figure 7.6 System Function
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7.45.4 CPU Clock Setting

Figure 7.7 shows the flowchart for setting the CPU clock.

< R_CGC_Create() >

Set up high-speed system
clock/subsystem clock

Select CPU/peripheral hardware
clock (fcwk)

Set the operating clock of
subsystem clock

High-speed on-chip oscillator
operating

v
D

CMC register — 00H: Do not use high-speed system clock
and subsystem clock.

MSTOP bit — 1

XTSTOP bit < 1

MCMO bit < 0: Select high-speed OCO clock (fi) as main system
clock (fman).
CSS bit «+ 0: Select main system clock (fwan) as CPU/peripheral
hardware clock (fcik).

OSMC register — 10H

RTCLPC bit < 0: Enables supply of subsystem clock to peripheral functions

WUTMMCKO bit < 1: Operating clock of timer RJ can select the low-speed
on-chip oscillator or the subsystem clock

HIOSTOP bit — 0: High-speed on-chip oscillator operating

Figure 7.7 CPU Clock Setting
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7.4.55 1/0O Port Setting
Figure 7.8 shows the flowchart for setting the 1/0 ports.

( R_PORT_Create() >

Users can add a program to set
unused ports according to their needs.

A 4

< return >

Figure 7.8 1/0 Port Setting

Caution:  Please provide proper pin treatment and make sure that the electrical specifications are met. Connect each of
any unused input-only ports to Vpp or Vss Via a separate resistor.
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7.45.6 Timer RJ Setting
Figure 7.9 shows the flowchart for setting timer RJ.

( R_TMR_RJO0_Create() )

] PERL1 register
Enable clock supply to timer RJ TRJOEN bit — 1

Stops count of timer RJ

. . | . MKZ1H register
Timer RJ interrupt disable TRJIMKO bit — 1: Disables INTTRJO interrupt
IF1H register

TRJIFO bit <« 0: Clear interrupt request

TRJICRO register
TSTART bit — 0: Stops count.

) TRIMRO register « 02H
TRIMRO register setup TCK2 ~ TCKO bit < 000B: Count source fcix
TMOD2 ~ TMODO bit «— 010B: Event counter mode

TRJIOCO register «— 14H

_ TIOGT1 ~ TIOGTO bit < 00B: Event is always counted
TRJIOCO register setup TIPF1 ~ TIPFO bit < 01B: Filter sampled at fcix
TOENA bit < 1: TRJO output enabled

TEDGSEL bit « 0: Count at rising edge

TRJO register setup TRJO register < 0063H (99)
Set TRJIIOO pin PMO1 bit « 1
| POMS3O0 bit < 0
Set TRJOO pin P30 bit — 0
¢ PM30 bit < 0

( return )

Figure 7.9 Timer RJ Setting
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Start supplying clock to Timer RJ
« Peripheral enable register 1 (PER1)
Starts to supply clock to timer RJ.

Symbol: PER1
7 6 5 4 3 2 1 0
DACEN TRGEN CMPEN TRDOEN DTCEN 0 0 TRJOEN
1
Bit 0
TRJOEN Control of timer RJO input clock supply
1 Enables input clock supply.
* SFR used by timer RJO can be read/written.
x: Bits not used in this setting item
Caution;:  For details on the register setup procedures, refer to RL78/G14 User's Manual: Hardware.
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Setup of timer RJ operation and interrupt level

 Timer RJ control register 0 (TRJCRO)
Stops Timer RJ counter operation.
Sets the interrupt cycle.

Symbol: TRICRO

7 6 5 4 3 2 1 0
0 0 TUNDF TEDGF 0 TSTOP TCSTF TSTART
0
Bit 0
TSTART Timer RJ count start
0 Count stops
Disabling timer RJ interrupt
* Interrupt mask flag register (MK1H)
Disables interrupt processing.
« Interrupt request flag register (IF1H)
Clears the interrupt request flag.
Symbol: MK1H
7 6 5 4 3 2 1 0
SRMK3 STMK3
TMMK10 TRJIMKO CSIMK31 | CSIMK30 KRMK ITMK RTCMK ADMK
ICMK31 IICMK30
1
Bit 6
TRIMKO Interrupt servicing control
1 Interrupt servicing disabled
Symbol: IF1H
7 6 5 4 3 2 1 0
SRIF3 STIF3
TMIF10 TRJIFO CSIIF31 CSIIF30 KRIF ITIF RTCIF ADIF
[ICIF31 IICIF30
0
Bit 6
TRJIFO Interrupt request flag
0 No interrupt request signal is generated.

x: Bits not used in this setting item

Caution:  For details on the register setup procedures, refer to RL78/G14 User's Manual: Hardware.
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Setting the timer RJ operation
 Timer RJ mode register 0 (TRIMRO)
Count source selection and operation mode selection.

Symbol: TRIMRO

7

6

5 4 3 2 0
0 TCK2 TCK1 TCKO TEDGPL TMOD2 TMOD1 TMODO
0 0 0 0 0
Bit6to 4
TCK2 TCK1 TCKO Timer RJ count source select
0 0 0 foik
Bit2to 0
TMOD2 TMOD1 TMODO Timer RJ operating mode select
0 1 0 Event counter mode

x: Bits not used in this setting item

Caution:

For details on the register setup procedures, refer to RL78/G14 User's Manual: Hardware.
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 Timer RJ 1/O control register 0 (TRJIOCO)
The input/output of timer RJ setting.

Symbol: TRJIOCO

7 6 5 4 3 2 1 0
TIOGT1 TIOGTO TIPF1 TIPFO 0 TOENA 0 TEDGSEL
0 0 0 1 1 0
Bit 7 to 6
TIOGT1 | TIOGTO TRJIO count control
0 0 Event is always counted
Bit5to 4
TIPF1 TIPFO TRJIO input filter select
0 1 Filter sampled at fcix
Bit 2
TOENA TRJO output enable
1 TRJO output enabled
- Event counter mode
Bit 0
TEDGSEL TRJIO /O polarity switch
0 Count at rising edge
Setting TRJO register
 Timer RJ counter register 0 (TRJO)
Setup the initial value of TRJO register.
Symbol: TRJO
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Lol ol of o] of of of of o] 2] 1] of of of 1] 1]

x: Bits not used in this setting item

Caution:

For details on the register setup procedures, refer to RL78/G14 User's Manual: Hardware.
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Setting TRJIOO pin
« Port mode register (PMO)
Set TRJIOO pin as input mode.

Symbol: PMO
7 6 5 4 3 2 1 0
1 PMO06 PMO05 PMO04 PMO03 PMO02 PMO1 PMO0O
1
Bit 1
PMO1 P01 pin I/O mode selection
1 Input mode (the pin functions as an input port (output buffer off))

X: Bits not used in this setting item

Caution:  For details on the register setup procedures, refer to RL78/G14 User's Manual: Hardware.
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Setting TRJOO pin
« Port output mode register 3 (POM3)
« Port register 3 (P3)
« Port mode register (PM3)
Set TRJOO pin as output mode.

Symbol: POM3
7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 POM30
0
Bit 0
POM30 P30 pin output mode selection
0 Normal output mode
Symbol: P3
7 6 5 4 3 2 1 0
0 0 0 0 0 0 P31 P30
0
Bit 0
P30 Output data control (in output mode)
0 Output O
Symbol: PM3
7 6 5 4 3 2 1 0
1 1 1 1 1 1 PM31 PM30
0
Bit 0
PM30 P30 pin I/O mode selection
0 Output mode (the pin functions as an output port (output buffer on))
x: Bits not used in this setting item
Caution:  For details on the register setup procedures, refer to RL78/G14 User's Manual: Hardware.
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7.4.5.7 Main Processing
Figure 7.10 shows the flowchart for main processing.

C

main() >

Main initializations setting IE—1
R_MAIN_Userlnit()

Start operation of
timer RJ
R_TMR_RJO_Start()

\ 4

Transit to HALT mode

Timer RJ interrupt request

Figure 7.10 Main Processing
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7.45.8 Timer RJ Operation Start

Figure 7.11 shows the flowchart for starting timer RJ operation.

< R_TMR_RJO_Start() >

Start operation of timer RJ

l

< return

TSTART bit < 1: Starts counting.

Figure 7.11 Timer RJ Operation Start
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Starting timer RJ counter operation
« Timer RJ control register 0 (TRJCRO)
Starts timer RJ counter operation.

Symbol: TRICRO

7 6 5 4 3 2 1 0
0 0 TUNDF TEDGF 0 TSTOP TCSTF TSTART
1
Bit 0
TSTART Timer RJ count start
1 Count starts

X: Bits not used in this setting item

Caution: For details on the register setup procedures, refer to RL78/G14 User's Manual: Hardware.
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8. Example of Migration from Pulse Width Measurement Mode

8.1 Specifications

The same operation as that in pulse width measurement mode in timer RA of R8C/36M can be realized by using timer
RJ of RL78/G14.

In pulse width measurement mode, the pulse width of an external signal input to the TRJIOO0 pin is measured.

When the level specified by the TEDGSEL bit in the TRIJIOCO register is input to the TRJIOO pin, the decrement is
started with the selected count source. When the specified level on the TRJIOO pin ends, the counter is stopped, the
TEDGF bit in the TRICRO register is set to 1 (active edge received), and an interrupt request is generated. The
measurement of pulse width data is performed by reading the count value while the counter is stopped. Also, when the
counter underflows during measurement, the TUNDF bit in the TRICRO register is set to 1 (underflow) and an
interrupt request is generated.

Table 8.1 lists the peripheral functions to be used and their uses (example of migration from pulse width measurement
mode), and Figure 8.1 shows the operation overview (example of migration from pulse width measurement mode).

Table 8.1 Peripheral Functions to be Used and Their Uses

(Example of Migration from Pulse Width Measurement Mode)

Peripheral Function Use
Timer RJ (pulse width measurement mode) Measure the pulse width of an external signal.
Timer RJ

£ 1 TimerRJinput I\/Ilaeuallssir\évrlr?gr]lt T

__i v (TRIOD) o R

. [} |

Edge detection b

Start Capture

Figure 8.1 Operation Overview (Example of Migration from Pulse Width Measurement Mode)
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8.2 Operation Check Conditions
The sample code described in this chapter has been checked under the conditions listed in the table below.

Table 8.2 Operation Check Conditions

Item Description

Microcontroller used RL78/G14 (R5F104LEAFB)

Operating frequency High-speed on-chip oscillator (HOCO) clock: 32 MHz
CPU/peripheral hardware clock: 32 MHz

Operating voltage 5.0V (can run on a voltage range of 2.9 Vto 5.5 V.)
LVD operation (VLVD): Reset mode 2.81 V (2.76 V to 2.87 V)

Integrated development CS+ V6.00.00 from Renesas Electronics Corp.

environment (CS+)

C compiler (CS+) CC-RL V1.05.00 from Renesas Electronics Corp.

Integrated development e? studio V6.0.0 from Renesas Electronics Corp.

environment (e? studio)

C compiler (e? studio) CC-RL V1.05.00 from Renesas Electronics Corp.

8.3 Description of Hardware

8.3.1 Hardware Configuration Example
Figure 8.2 shows an example of hardware configuration that is used for this chapter.

Vob

EVoro RESET —;g

Vbbp

RL78/G14

1
_ A vy —»|rouTRIIOO0
Edge detection

— — REGC
EVsso
Vss .
P40/TOOLO [«—> For on-chip debugger
/8

Figure 8.2 Hardware Configuration (Pulse Width Measurement Mode)

Cautions: 1. The purpose of this circuit is only to provide the connection outline and the circuit is simplified
accordingly. When designing and implementing an actual circuit, provide proper pin treatment and make
sure that the hardware's electrical specifications are met (connect the input-only ports separately to Vpp
or Vss via a resistor).

2. Connect any pins whose name begins with EVss to Vss and any pins whose name begins with EVpp to
Vpp, respectively.
3. Vpp must be held at not lower than the reset release voltage (Vivp) that is specified as LVD.
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8.3.2 List of Pins to be Used

Table 8.3 lists the pins to be used and their functions.

Table 8.3 Pins to be Used and Their Functions

Pin Name

I/0

Description

PO1/TRJIOO Inp

ut

Measure the pulse width.

8.4 Description of Software

8.4.1 Operation Outline

This chapter describes how to set up the pulse width measurement mode of timer RJ.
Each time a valid edge (high-level input ends) is detected on the timer RJ input pin (TRJIOQ), the sample code
described in this chapter captures the count value of the timer and measures the high-level width of the pulse which
arrives at the timer RJ input pin (TRJIO0). When a timer interrupt (INTTRJO) occurs upon completion of the capture,

the sample code calculates the pulse width and stores the calculation result in the on-chip RAM.

Table 8.4 lists the peripheral functions to be used and their uses. Figure 8.3 shows the pulse width measurement mode

and its interrupt operation.

(1) Initialize the timer RJ.
<Conditions for setting>

Use the pulse width measurement mode as the timer RJ operation mode.
Select fcLk as the count source of timer RJ.
Initialize timer RJ counter register 0 (TRJ0), and measure "H" width of the pulse input to TRJIOO pin.
Use timer interrupts (INTTRJO) from timer RJ.

(2) Sets "1" (starts counter operation) to TSTART bit of TRICRO register to start the count of timer RJ.

(3) Execute a HALT instruction to wait for timer interrupts (INTTRJO0).

(4) When the interrupt request is generated, calculates the pulse width and stores the calculation result in the on-chip

RAM.

(5) The sample code returns to step (3) to execute HALT instruction and waits for the next timer interrupt (INTTRJO)

from timer RJ.
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Table 8.4 Peripheral Functions to be Used and Their Uses

Peripheral Function

Use

Timer RJ

Measure the pulse width of TRJIOO pin.

FFFFH

Counter content (hex)

0000H

n = TRJO register content

, Measurement is started
—_—

Measurement

, is stopped

Measurement
is started

This example applies when the high-level width of the measurement pulse is measured (TEDGSEL bit in TRJIOCO register = 1)

Underflow

l Measurement
! is stopped

Measurement
is started

P Time

TSTART bit in
TRJICRO register

TRJIFO bit

Set to 1Aby a program
1

Measurement pulse
input to TRJIOO pin |

-

I

TEDGF bitin
TRJICRO register

t

Acknowledge ment of an
interrupt requ est

—
;4

TUNDF bit in
TRJICRO register

ﬁ

A

Set to 0 by a program

Set to 0 by a program

—

A

Set to 0 by a program

Figure 8.3 Overview of Timer RJ Operation and Interrupts (Pulse Width Measurement Mode)
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8.4.2 List of Option Byte Setting
Table 8.5 summarizes the settings of the option bytes.

Table 8.5 Option Byte Settings

Address Value Description
000COH/010COH 01101110B Disables the watchdog timer.
(Stops counting after the release from the reset state.)
000C1H/010C1H 01111111B LVD reset mode which uses 2.81 V (2.76 V to 2.87 V)
000C2H/010C2H 11101000B HS mode, HOCO: 32 MHz
000C3H/010C3H 10000100B Enables the on-chip debugger.

8.4.3 List of Functions
Table 8.6 lists the functions that are used in this sample program.

Table 8.6 Functions

Function Name Outline
R_TMR_RJO_Create() Initializes timer RJ.
R_TMR_RJO_Start() Starts timer RJ operation.
r_tmr_rjO_interrupt() Processes timer interrupts on timer RJ.

8.44 Function Specification

The followings are the functions that are used in this sample program.

[Function Name] R_TMR_RJO_Create()

Synopsis Initializes timer RJ
Header r_cg_macrodriver.h
r_cg_timer.h
r_cg_userdefine.h
Declaration void R_TMR_RJO_Create(void)
Explanation This function initializes timer RJ.
Arguments None
Return value None
Remarks None

[Function Name] R_TMR_RJO_Start()

Synopsis Starts timer RJ operation
Header r_cg_macrodriver.h
r_cg_timer.h
r_cg_userdefine.h
Declaration void R_TMR_RJO_Start(void)
Explanation This function enables timer RJ interrupts and prepares to measure the pulse width.
Arguments None
Return value None
Remarks None
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[Function Name] r_tmr_rjO_interrupt()

Synopsis Timer RJ interrupt processing
Header r_cg_macrodriver.h
r_cg_timer.h
r_cg_userdefine.h
Declaration static void __near r_tmr_rjO_interrupt(void)
Explanation This function calculates the pulse width and stores the calculation result in the on-
chip RAM.
Arguments None
Return value None
Remarks None
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8.4.5 Flow Chart

8.4.5.1 Overall Flow
Figure 8.4 shows the overall flow of the sample program described in this chapter.

O

Initialization function The option bytes are referenced before
hdwinit() the initialization function is called.
main()

|
e

Figure 8.4 Overall Flow

8.4.5.2 Initialization Function
Figure 8.5 shows the flowchart for the initialization function.

( hdwinit() >

Disable interrupts

IE<~O

System function
R_Systeminit()

v

< return >

Figure 8.5 Initialization Function
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8.4.5.3 System Function
Figure 8.6 shows the flowchart for the system function.

( R_Systeminit() >

Do not use peripheral /0
redirection function

Set CPU clock
R_CGC_Create()

Set I/O ports
R_PORT_Create()

Set timer RJ
R_TMR_RJO_Create()

Disabled the invalid memory
access detection

Y

( return >

PIORO register «— 00000000B
PIOR1 register «— 00000000B

IAWCTL register — 00000000B

Figure 8.6 System Function
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8.4.5.4 CPU Clock Setting

Figure 8.7 shows the flowchart for setting the CPU clock.

< R_CGC_Create() >

Set up high-speed system
clock/subsystem clock

Select CPU/peripheral hardware
clock (fcwk)

Set the operating clock of
subsystem clock

High-speed on-chip oscillator
operating

v
D

CMC register — 00H: Do not use high-speed system clock
and subsystem clock.

MSTOP bit — 1

XTSTOP bit < 1

MCMO bit < 0: Select high-speed OCO clock (fi) as main system
clock (fman).
CSS bit «+ 0: Select main system clock (fwan) as CPU/peripheral
hardware clock (fcik).

OSMC register — 10H

RTCLPC bit < 0: Enables supply of subsystem clock to peripheral functions

WUTMMCKO bit < 1: Operating clock of timer RJ can select the low-speed
on-chip oscillator or the subsystem clock

HIOSTOP bit — 0: High-speed on-chip oscillator operating

Figure 8.7 CPU Clock Setting
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8.4.5.5 1/0O Port Setting
Figure 8.8 shows the flowchart for setting the 1/0 ports.

( R_PORT_Create() >

Users can add a program to set
unused ports according to their needs.

A 4

< return >

Figure 8.8 I/0 Port Setting

Caution:  Please provide proper pin treatment and make sure that the electrical specifications are met. Connect each of
any unused input-only ports to Vpp or Vss Via a separate resistor.
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8.4.5.6 Timer RJ Setting

Figure 8.9 shows the flowchart for setting timer RJ.

( R_TMR_RJO0_Create()

)

Enable clock supply to timer RJ

PER1 register
TRJOEN bit « 1

Stops count of timer RJ

TRJCRO register
TSTART bit < 0: Stops count.

Timer RJ interrupt disable

MK1H register
TRJIMKO bit — 1: Disables INTTRJO interrupt

IF1H register

TRJIFO bit « 0: Clear interrupt request
PR11H and PRO1H register

TRJPR10 « 1, TRJPROO bit < 1: Level 3

TRJIMRO register setup

TRJIMRO register <« 03H
TCK2 ~ TCKO bit « 000B: Count source fcix

TMOD2 ~ TMODO bit < 011B: Pulse width measurement mode

TRJIOCO register setup

TRJIOCO register «— 11H
TIPF1 ~ TIPFO bit < 01B: Filter sampled at fcik

TEDGSEL bit « 1: High-level width is measured

TRJO register setup

TRJO register < 0064H (100)

Set TRJIOO pin

PMO1 bit < 1

v

( return

)

Figure 8.9 Timer RJ Setting
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Start supplying clock to Timer RJ
« Peripheral enable register 1 (PER1)
Starts to supply clock to timer RJ.

Symbol: PER1
7 6 5 4 3 2 1 0
DACEN TRGEN CMPEN TRDOEN DTCEN 0 0 TRJOEN
1
Bit 0
TRJOEN Control of timer RJO input clock supply
1 Enables input clock supply.
* SFR used by timer RJO can be read/written.
x: Bits not used in this setting item
Caution;:  For details on the register setup procedures, refer to RL78/G14 User's Manual: Hardware.
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Setup of timer RJ operation and interrupt level

 Timer RJ control register 0 (TRJCRO)
Stops Timer RJ counter operation.
Sets the interrupt cycle.

Symbol: TRICRO

7 6 5 4 3 2 1 0
0 0 TUNDF TEDGF 0 TSTOP TCSTF TSTART
0
Bit 0
TSTART Timer RJ count start
0 Count stops
Disabling timer RJ interrupt
* Interrupt mask flag register (MK1H)
Disables interrupt processing.
« Interrupt request flag register (IF1H)
Clears the interrupt request flag.
Symbol: MK1H
7 6 5 4 3 2 1 0
SRMK3 STMK3
TMMK10 TRJIMKO CSIMK31 | CSIMK30 KRMK ITMK RTCMK ADMK
ICMK31 IICMK30
1
Bit 6
TRIMKO Interrupt servicing control
1 Interrupt servicing disabled
Symbol: IF1H
7 6 5 4 3 2 1 0
SRIF3 STIF3
TMIF10 TRJIFO CSIIF31 CSIIF30 KRIF ITIF RTCIF ADIF
[ICIF31 IICIF30
0
Bit 6
TRJIFO Interrupt request flag
0 No interrupt request signal is generated.

x: Bits not used in this setting item

Caution:  For details on the register setup procedures, refer to RL78/G14 User's Manual: Hardware.
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Setting timer RJ interrupt priority level
« Priority Specification Flag Register (PR11H, PRO1H)
Specifies level 3 (low priority level).

Symbol: PR11H

7 6 5 4 3 2 1 0
SRPR13 STPR13
TMPR110| TRJPR10| CSIPR131| CSIPR130 KRPR1 ITPR1 RTCPR1 ADPR1
IICPR131 [ IICPR130
1
Symbol: PRO1H
7 6 5 4 3 2 1 0
SRPRO03 STPRO3
TMPR010| TRJPROO | CSIPR031| CSIPR030 KRPRO ITPRO RTCPRO ADPRO
IICPRO31 | IICPR0O30
1
Bit 6
TRJPR10 TRJPROO Priority level selection
1 1 Specify level 3 (low priority level)

x: Bits not used in this setting item

Caution:

For details on the register setup procedures, refer to RL78/G14 User's Manual: Hardware.
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Setting the timer RJ operation
 Timer RJ mode register 0 (TRIMRO)
Count source selection and operation mode selection.

Symbol: TRIMRO

7

6

5 4 3 2 1 0
0 TCK2 TCK1 TCKO TEDGPL TMOD2 TMOD1 TMODO
0 0 0 0 1 1
Bit6to 4
TCK2 TCK1 TCKO Timer RJ count source select
0 0 0 foik
Bit2to 0
TMOD2 TMOD1 TMODO Timer RJ operating mode select
0 1 1 Pulse width measurement mode

x: Bits not used in this setting item

Caution:

For details on the register setup procedures, refer to RL78/G14 User's Manual: Hardware.
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 Timer RJ 1/O control register 0 (TRJIOCO)
The input/output of timer RJ setting.

Symbol: TRJIOCO

7 6 5 4 3 2 1 0
TIOGT1 TIOGTO TIPF1 TIPFO 0 TOENA 0 TEDGSEL
0 1 0 1
Bit5to0 4
TIPF1 TIPFO TRJIO input filter select
0 1 Filter sampled at fcik
Bit 2
TOENA TRJO output enable
0 TRJO output disabled (port)
- Pulse width measurement mode
Bit 0
TEDGSEL TRJIO I/O edge and polarity switching
1 High-level width is measured
Setting TRJO register
« Timer RJ counter register 0 (TRJO)
Setup the initial value of TRJO register.
Symbol: TRJO
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
o] o] of o] of of of of o] 2] 1] of of 1] of o]
Setting TRJIOO pin
« Port mode register (PMO)
Set TRJIOO pin as input mode.
Symbol: PMO
7 6 5 4 3 2 1 0
1 PMO06 PMO05 PMO04 PMO03 PM02 PMO1 PMOO
1
Bit 1
PMO1 PO1 pin I/O mode selection
1 Input mode (the pin functions as an input port (output buffer off))

x: Bits not used in this setting item

Caution:

For details on the register setup procedures, refer to RL78/G14 User's Manual: Hardware.
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8.4.5.7 Main Processing
Figure 8.10 shows the flowchart for main processing.

C

main() >

Main initializations setting IE—1
R_MAIN_Userlnit()

Start operation of
timer RJ
R_TMR_RJO_Start()

\ 4

Transit to HALT mode

Timer RJ interrupt request

Figure 8.10 Main Processing
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8.4.5.8 Timer RJ Operation Start
Figure 8.11 shows the flowchart for starting timer RJ operation.

( R_TMR_RJO_Start() >
TRJIFO bit < 0: Clears interrupt request flag.

Start operation of timer RJ TRJIMKO bit — 0: Enables timer RJ interrupt processing.

TSTART bit «— 1: Starts counting.
< return >

Figure 8.11 Timer RJ Operation Start
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Configuring the timer interrupt

« Interrupt request flag register (IF1H)
Clears the interrupt request flag.
« Interrupt mask flag register (MK1H)

Enables interrupt processing.

Symbol: IF1H
7 6 5 4 3 2 1 0
SRIF3 STIF3
TMIF10 TRJIFO CSIIF31 CSIIF30 KRIF ITIF RTCIF ADIF
IICIF31 IICIF30
0
Bit 6
TRJIFO Interrupt request flag
0 No interrupt request signal is generated.
Symbol: MK1H
7 6 5 4 3 2 1 0
SRMK3 STMK3
TMMK10 TRJIMKO CSIMK31 | CSIMK30 KRMK ITMK RTCMK ADMK
IICMK31 IICMK30
0
Bit 6
TRIMKO Interrupt servicing control
0 Interrupt servicing enabled
Starting timer RJ counter operation
 Timer RJ control register 0 (TRJCRO)
Starts timer RJ counter operation.
Symbol: TRICRO
7 6 5 4 3 2 1 0
0 0 TUNDF TEDGF 0 TSTOP TCSTF TSTART
1
Bit 0
TSTART Timer RJ count start
1 Count starts

x: Bits not used in this setting item

Caution: For details on the register setup procedures, refer to RL78/G14 User's Manual: Hardware.
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8.4.5.9 INTTRJO Interrupt Processing
Figure 8.12 shows the flowchart for INTTRJO interrupt processing.

< r_tmr_rjO_interrupt() >

Yes

Underflow occurs?

v

No Clear underflow flag
lTUNDF bit < 0: No underflow
Variable “g_tmrj0_underflow_count” + 1
< I g_tmrj0_underflow_count + 1
< _ No
Received active edge?
Yes
Clear active edge judgement flag
TEDGF bit «— 0: No active edge received

No
Underflow occurred?
Calculate the pulse width Calculate the pulse width
g_tmrj0_width = (100 + 1UL) * g_tmrjo_width = g_tmrjO_trj_count
g_tmrj0_underflow_count - TRJO - TRJO

+ g_tmrjO_trj_count

Clear variable
“g_tmrj0_underflow_count”

g_tmrj0_underflow_count =0

<

Save TRJO register to Variable
“g_tmrjO_trj_count”

g_tmrj0_trj_count « TRJ

<
\ 4

( return >

Figure 8.12 INTTRJO Interrupt Processing
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9. Example of Migration from Pulse Period Measurement Mode

9.1 Specifications

The same operation as that in pulse period measurement mode in timer RA of R8C/36M can be realized by using
timer RJ of RL78/G14.

In pulse period measurement mode, the pulse period of an external signal input to the TRJIOO pin is measured. The
counter is decremented by the count source selected by bits TCKO to TCK2 in the TRIMRO register. When a pulse
with the period specified by the TEDGSEL bit in the TRJIOCO register is input to the TRJIIOO pin, the count value is
transferred to the read-out buffer at the rising edge of the count source. The value in the reload register is loaded to the
counter at the next rising edge. Simultaneously, the TEDGF bit in the TRICRO register is set to 1 (active edge
received) and an interrupt request is generated. The read-out buffer (TRJO register) is read at this time and the
difference from the reload value is the period data of the input pulse. The period data is retained until the read-out
buffer is read. When the counter underflows, the TUNDF bit in the TRICRO register is set to 1 (underflow) and an
interrupt request is generated.

Table 9.1 lists the peripheral functions to be used and their uses (example of migration from pulse period
measurement mode), and Figure 9.1 shows the operation overview (example of migration from pulse period
measurement mode).

Table 9.1 Peripheral Functions to be Used and Their Uses

(Example of Migration from Pulse Period Measurement Mode)

Peripheral Function Use
Timer RJ (pulse period measurement mode) Measure the pulse period of an external signal.
Timer RJ
£ £ Timer RJ input ;gfseu';ﬂggt £ )
| |

! ., (TRJIOO) Mode ! !

Edge detection : :
Start Capture

Figure 9.1 Operation Overview (Example of Migration from Pulse Period Measurement Mode)

This example applies when the TEDGSEL bit in the TRIIOCO register is set to 0, and the period from one rising edge
to the next edge of the measurement pulse is measured.
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9.2 Operation Check Conditions
The sample code described in this chapter has been checked under the conditions listed in the table below.

Table 9.2 Operation Check Conditions

Item Description

Microcontroller used RL78/G14 (R5F104LEAFB)

Operating frequency High-speed on-chip oscillator (HOCO) clock: 32 MHz
CPU/peripheral hardware clock: 32 MHz

Operating voltage 5.0V (can run on a voltage range of 2.9 Vto 5.5 V.)
LVD operation (VLVD): Reset mode 2.81 V (2.76 V to 2.87 V)

Integrated development CS+ V6.00.00 from Renesas Electronics Corp.

environment (CS+)

C compiler (CS+) CC-RL V1.05.00 from Renesas Electronics Corp.

Integrated development e? studio V6.0.0 from Renesas Electronics Corp.

environment (e? studio)

C compiler (e? studio) CC-RL V1.05.00 from Renesas Electronics Corp.

9.3 Description of Hardware

9.3.1 Hardware Configuration Example
Figure 9.2 shows an example of hardware configuration that is used for this chapter.

Vobp

EVooo RESET —;g

Vbb

RL78/G14

E3E: | —{PovtrRII00

Edge detection

—— —— REGC
EVsso
Ves P40/TOOLO [«—> For on-chip debugger
/8

Figure 9.2 Hardware Configuration (Pulse Period Measurement Mode)

Cautions: 1. The purpose of this circuit is only to provide the connection outline and the circuit is simplified
accordingly. When designing and implementing an actual circuit, provide proper pin treatment and make
sure that the hardware's electrical specifications are met (connect the input-only ports separately to Vpp
or Vss via a resistor).

2. Connect any pins whose name begins with EVss to Vss and any pins whose name begins with EVpp to
Vpp, respectively.
3. Vpp must be held at not lower than the reset release voltage (Vivp) that is specified as LVD.
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9.3.2 List of Pins to be Used

Table 9.3 lists the pins to be used and their functions.

Table 9.3 Pins to be Used and Their Functions

Pin Name

I/0

Description

PO1/TRJIO0 Input

Measure the pulse period.

9.4 Description of Software

941 Operation Outline

This chapter describes how to set up the pulse period measurement mode of timer RJ.
Each time a valid edge (rising edge of the measurement pulse) is detected on the timer RJ input pin (TRJIOQ), the

sample code described in this chapter captures the count value of the timer and measures the period of the pulse which
arrives at the timer RJ input pin (TRJIO0). When a timer interrupt (INTTRJO0) occurs upon completion of the capture,

the sample code calculates the pulse period and stores the calculation result in the on-chip RAM.

Table 9.4 lists the peripheral functions to be used and their uses. Figure 9.3 shows the pulse period measurement
mode and its interrupt operation.

(1) Initialize the timer RJ.
<Conditions for setting>

Use the pulse period measurement mode as the timer RJ operation mode.
Select fcLk as the count source of timer RJ.
Initialize timer RJ counter register 0 (TRJ0), and measure from one rising edge to the next rising edge of the pulse

input to TRJIOO pin.

Use timer interrupts (INTTRJO) from timer RJ.

(2) Sets "1" (starts counter operation) to TSTART bit of TRICRO register to start the count of timer RJ.

(3) Execute a HALT instruction to wait for timer interrupts (INTTRJO0).

(4) When the interrupt request is generated, calculates the pulse period and stores the calculation result in the on-chip

RAM.

(5) The sample code returns to step (3) to execute HALT instruction and waits for the next timer interrupt (INTTRJO)

from timer RJ.
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Table 9.4 Peripheral Functions to be Used and Their Uses

Peripheral Function

Use

Timer RJ

Measure the pulse period of TRJIOO pin.

Count source

TSTART bit
in TRICRO register

Measurement pulse input

Timer RJO counter

Content of read-out buffer

Read signal of counter

Read data

TEDGF bitin
TRJCRO register

TUNDF bit in
TRJICRO register

TRJIIFO bit

uiuyirrrurrirryudiuuygut

]

I

@ ----fF-————=d-=
<%

\—— Counter is reloaded

0300H |02FFH|02FEH0300H|02FFH|02FE+{02FDH 02FCH FZFB+2FA}-{02F9H|02F8H|02F7H 03OOH|02FFH[ |0001H|0000H|0300H02FFH 2FEH
!
|
1
0300H 02FEH |00 o1 H|0000H 0300H|02FFH

|02FFH|

A 1
Counter value is read

[

1
1
H
02FB+2FA+2F9H|02F8H| 02F7H i
!
i A
J

02FEH

02F7H
74

]
i

\

—

A

—Set to 0 by a program ———/

| A

-

t

Iy

Acknowledge ment of an interrupt request

1

]

: ]}
] ]

' Set to 0 by a program —

Figure 9.3 Overview of Timer RJ Operation and Interrupts (Pulse Period Measurement Mode)
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9.4.2 List of Option Byte Setting
Table 9.5 summarizes the settings of the option bytes.

Table 9.5 Option Byte Settings

Address Value Description
000COH/010COH 01101110B Disables the watchdog timer.
(Stops counting after the release from the reset state.)
000C1H/010C1H 01111111B LVD reset mode which uses 2.81 V (2.76 V to 2.87 V)
000C2H/010C2H 11101000B HS mode, HOCO: 32 MHz
000C3H/010C3H 10000100B Enables the on-chip debugger.

9.4.3 List of Functions
Table 9.6 lists the functions that are used in this sample program.

Table 9.6 Functions

Function Name Outline
R_TMR_RJO_Create() Initializes timer RJ.
R_TMR_RJO_Start() Starts timer RJ operation.
r_tmr_rjO_interrupt() Processes timer interrupts on timer RJ.

9.4.4 Function Specification

The followings are the functions that are used in this sample program.

[Function Name] R_TMR_RJO_Create()

Synopsis Initializes timer RJ
Header r_cg_macrodriver.h
r_cg_timer.h
r_cg_userdefine.h
Declaration void R_TMR_RJO_Create(void)
Explanation This function initializes timer RJ.
Arguments None
Return value None
Remarks None

[Function Name] R_TMR_RJO_Start()

Synopsis Starts timer RJ operation
Header r_cg_macrodriver.h
r_cg_timer.h
r_cg_userdefine.h
Declaration void R_TMR_RJO_Start(void)
Explanation This function enables timer RJ interrupts and prepares to measure the pulse
period.
Arguments None
Return value None
Remarks None
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[Function Name] r_tmr_rjO_interrupt()

Synopsis Timer RJ interrupt processing
Header r_cg_macrodriver.h
r_cg_timer.h
r_cg_userdefine.h
Declaration static void __near r_tmr_rjO_interrupt(void)
Explanation This function calculates the pulse period and stores the calculation result in the on-
chip RAM.
Arguments None
Return value None
Remarks None
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9.4.5 Flow Chart

9.45.1 Overall Flow
Figure 9.4 shows the overall flow of the sample program described in this chapter.

D

Initialization function The option bytes are referenced before
hdwinit() the initialization function is called.
main()

:
= O

Figure 9.4 Overall Flow

9.4.5.2 Initialization Function
Figure 9.5 shows the flowchart for the initialization function.

( hdwinit() >

Disable interrupts

IE<~O

System function
R_Systeminit()

v

< return >

Figure 9.5 Initialization Function

RO1AN4216EC0101 Rev.1.01

Oct. 22, 2018 RENESAS

Page 99 of 113




RL78/G14, R8C/36M Group

Migration Guide from R8C to RL78: Timer RA to Timer RJ

9.4.5.3 System Function
Figure 9.6 shows the flowchart for the system function.

( R_Systeminit() >

Do not use peripheral /0
redirection function

Set CPU clock
R_CGC_Create()

Set I/O ports
R_PORT_Create()

Set timer RJ
R_TMR_RJO_Create()

Disabled the invalid memory
access detection

Y

( return >

PIORO register «— 00000000B
PIOR1 register «— 00000000B

IAWCTL register — 00000000B

Figure 9.6 System Function
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9.4.5.4 CPU Clock Setting

Figure 9.7 shows the flowchart for setting the CPU clock.

< R_CGC_Create() >

Set up high-speed system
clock/subsystem clock

Select CPU/peripheral hardware
clock (fcwk)

Set the operating clock of
subsystem clock

High-speed on-chip oscillator
operating

v
D

CMC register — 00H: Do not use high-speed system clock
and subsystem clock.

MSTOP bit — 1

XTSTOP bit < 1

MCMO bit < 0: Select high-speed OCO clock (fi) as main system
clock (fman).
CSS bit «+ 0: Select main system clock (fwan) as CPU/peripheral
hardware clock (fcik).

OSMC register — 10H

RTCLPC bit < 0: Enables supply of subsystem clock to peripheral functions

WUTMMCKO bit < 1: Operating clock of timer RJ can select the low-speed
on-chip oscillator or the subsystem clock

HIOSTOP bit — 0: High-speed on-chip oscillator operating

Figure 9.7 CPU Clock Setting
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9.45.5 1/0O Port Setting
Figure 9.8 shows the flowchart for setting the 1/0 ports.

( R_PORT_Create() >

Users can add a program to set
unused ports according to their needs.

A 4

< return >

Figure 9.8 I/0 Port Setting

Caution:  Please provide proper pin treatment and make sure that the electrical specifications are met. Connect each of
any unused input-only ports to Vpp or Vss Via a separate resistor.
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9.45.6 Timer RJ Setting

Figure 9.9 shows the flowchart for setting timer RJ.

( R_TMR_RJO_Create()

)

Enable clock supply to timer RJ

Stops count of timer RJ

Timer RJ interrupt disable

TRJIMRO register setup

TRJIOCO register setup

TRJO register setup

Set TRJIIOO pin

v

( return

PER1 register
TRJOEN bit — 1

TRJCRO register
TSTART bit < 0: Stops count.

MK1H register

TRJIMKO bit < 1: Disables INTTRJO interrupt
IF1H register

TRJIFO bit < 0: Clear interrupt request
PR11H and PRO1H register

TRJIPR10 « 1, TRJIPROO bit « 1: Level 3

TRJIMRO register «— 04H
TCK2 ~ TCKO bhit « 000B: Count source fcix
TMOD2 ~ TMODO bit < 100B: Pulse period measurement mode

TRJIOCO register « 10H
TIPF1 ~ TIPFO bit «— 01B: Filter sampled at fcix
TEDGSEL bit < 0: Measure from one rising edge to the next rising edge

TRJO register « 0064H (100)

PMO1 bit — 1

Figure 9.9 Timer RJ Setting

RO1AN4216EC0101 Rev.1.01
Oct. 22, 2018

Page 103 of 113

RENESAS




RL78/G14, RBC/36M Group Migration Guide from R8C to RL78: Timer RA to Timer RJ

Start supplying clock to Timer RJ
« Peripheral enable register 1 (PER1)
Starts to supply clock to timer RJ.

Symbol: PER1
7 6 5 4 3 2 1 0
DACEN TRGEN CMPEN TRDOEN DTCEN 0 0 TRJOEN
1
Bit 0
TRJOEN Control of timer RJO input clock supply
1 Enables input clock supply.
* SFR used by timer RJO can be read/written.
x: Bits not used in this setting item
Caution;:  For details on the register setup procedures, refer to RL78/G14 User's Manual: Hardware.
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Setup of timer RJ operation and interrupt level

 Timer RJ control register 0 (TRJCRO)
Stops Timer RJ counter operation.
Sets the interrupt cycle.

Symbol: TRICRO

7 6 5 4 3 2 1 0
0 0 TUNDF TEDGF 0 TSTOP TCSTF TSTART
0
Bit 0
TSTART Timer RJ count start
0 Count stops
Disabling timer RJ interrupt
* Interrupt mask flag register (MK1H)
Disables interrupt processing.
« Interrupt request flag register (IF1H)
Clears the interrupt request flag.
Symbol: MK1H
7 6 5 4 3 2 1 0
SRMK3 STMK3
TMMK10 TRJIMKO CSIMK31 | CSIMK30 KRMK ITMK RTCMK ADMK
ICMK31 IICMK30
1
Bit 6
TRIMKO Interrupt servicing control
1 Interrupt servicing disabled
Symbol: IF1H
7 6 5 4 3 2 1 0
SRIF3 STIF3
TMIF10 TRJIFO CSIIF31 CSIIF30 KRIF ITIF RTCIF ADIF
[ICIF31 IICIF30
0
Bit 6
TRJIFO Interrupt request flag
0 No interrupt request signal is generated.

x: Bits not used in this setting item

Caution:  For details on the register setup procedures, refer to RL78/G14 User's Manual: Hardware.
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Setting timer RJ interrupt priority level
« Priority Specification Flag Register (PR11H, PRO1H)
Specifies level 3 (low priority level).

Symbol: PR11H

7 6 5 4 3 2 1 0
SRPR13 STPR13
TMPR110| TRJPR10| CSIPR131| CSIPR130 KRPR1 ITPR1 RTCPR1 ADPR1
IICPR131 [ IICPR130
1
Symbol: PRO1H
7 6 5 4 3 2 1 0
SRPRO03 STPRO3
TMPR010| TRJPROO | CSIPR031| CSIPR030 KRPRO ITPRO RTCPRO ADPRO
IICPRO31 | IICPR0O30
1
Bit 6
TRJPR10 TRJPROO Priority level selection
1 1 Specify level 3 (low priority level)

x: Bits not used in this setting item

Caution:

For details on the register setup procedures, refer to RL78/G14 User's Manual: Hardware.
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Setting the timer RJ operation
 Timer RJ mode register 0 (TRIMRO)
Count source selection and operation mode selection.

Symbol: TRIMRO

7 6 5 4 3 2 1 0
0 TCK2 TCK1 TCKO TEDGPL TMOD2 TMOD1 TMODO
0 0 0 1 0 0
Bit 6 to 4
TCK2 TCK1 TCKO Timer RJ count source select
0 0 0 feik
Bit2to 0
TMOD2 TMOD1 TMODO Timer RJ operating mode select
1 0 0 Pulse period measurement mode

x: Bits not used in this setting item

Caution:

For details on the register setup procedures, refer to RL78/G14 User's Manual: Hardware.
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 Timer RJ 1/O control register 0 (TRJIOCO)
The input/output of timer RJ setting.

Symbol: TRJIOCO

7 6 5 4 3 2 1 0
TIOGT1 TIOGTO TIPF1 TIPFO 0 TOENA 0 TEDGSEL
0 1 0 0
Bit5to0 4
TIPF1 TIPFO TRJIO input filter select
0 1 Filter sampled at fcik
Bit 2
TOENA TRJO output enable
0 TRJO output disabled (port)
- Pulse period measurement mode
Bit 0
TEDGSEL TRJIO I/O edge and polarity switch
0 Measure from one rising edge to the next rising edge
Setting TRJO register
« Timer RJ counter register 0 (TRJO)
Setup the initial value of TRJO register.
Symbol: TRJO
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
o] of o] o] of of of of o] 2] 1] of o 1] o o]
Setting TRJIOO pin
« Port mode register (PMO)
Set TRJIOO pin as input mode.
Symbol: PMO
7 6 5 4 3 2 1 0
1 PMO06 PMO05 PMO04 PMO03 PM02 PMO1 PMOO
1
Bit 1
PMO1 PO1 pin I/O mode selection
1 Input mode (the pin functions as an input port (output buffer off))

x: Bits not used in this setting item

Caution:

For details on the register setup procedures, refer to RL78/G14 User's Manual: Hardware.

RO1AN4216EC0101 Rev.1.01

Oct. 22, 2018

RENESAS

Page 108 of 113



RL78/G14, R8C/36M Group

Migration Guide from R8C to RL78: Timer RA to Timer RJ

9.4.5.7 Main Processing
Figure 9.10 shows the flowchart for main processing.

C

main() >

Main initializations setting IE—1
R_MAIN_Userlnit()

Start operation of
timer RJ
R_TMR_RJO_Start()

\ 4

Transit to HALT mode

Timer RJ interrupt request

Figure 9.10 Main Processing
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9.45.8 Timer RJ Operation Start
Figure 9.11 shows the flowchart for starting timer RJ operation.

< R_TMR_RJO_Start() >
TRJIFO bit < 0: Clears interrupt request flag.

Start operation of timer RJ TRJIMKO bit — 0: Enables timer RJ interrupt processing.

TSTART bit < 1: Starts counting.
< return >

Figure 9.11 Timer RJ Operation Start
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Configuring the timer interrupt

« Interrupt request flag register (IF1H)
Clears the interrupt request flag.
« Interrupt mask flag register (MK1H)

Enables interrupt processing.

Symbol: IF1H
7 6 5 4 3 2 1 0
SRIF3 STIF3
TMIF10 TRJIFO CSIIF31 CSIIF30 KRIF ITIF RTCIF ADIF
IICIF31 IICIF30
0
Bit 6
TRJIFO Interrupt request flag
0 No interrupt request signal is generated.
Symbol: MK1H
7 6 5 4 3 2 1 0
SRMK3 STMK3
TMMK10 TRJIMKO CSIMK31 | CSIMK30 KRMK ITMK RTCMK ADMK
IICMK31 IICMK30
0
Bit 6
TRIMKO Interrupt servicing control
0 Interrupt servicing enabled
Starting timer RJ counter operation
 Timer RJ control register 0 (TRJCRO)
Starts timer RJ counter operation.
Symbol: TRICRO
7 6 5 4 3 2 1 0
0 0 TUNDF TEDGF 0 TSTOP TCSTF TSTART
1
Bit 0
TSTART Timer RJ count start
1 Count starts

x: Bits not used in this setting item

Caution: For details on the register setup procedures, refer to RL78/G14 User's Manual: Hardware.

RO1AN4216EC0101 Rev.1.01
Oct. 22, 2018

Page 111 of 113
RENESAS



RL78/G14, RBC/36M Group Migration Guide from R8C to RL78: Timer RA to Timer RJ

9.4.5.9 INTTRJO Interrupt Processing
Figure 9.12 shows the flowchart for INTTRJO interrupt processing.

( r_tmr_rjO_interrupt() >

Yes

Underflow occurs?

v

No
Clear underflow flag
lTUNDF bit — 0: No underflow
Variable “g_tmrj0_underflow_count” + 1
< I g_tmrj0_underflow_count + 1
No
Received active edge?
Yes
Clear active edge judgement flag
TEDGF bit < 0: No active edge received

No

Underflow occurred?

Calculate the pulse period Calculate the pulse period

g_tmrj0_width = (100+ 1) *
g_tmrj0_underflow_count + 100 -
TRJO+1

g_tmrj0_width = (100 - TRJO + 1)

Clear variable
“g_tmrj0_underflow_count”

g_tmrj0_underflow_count =0

<

<
\ 4

( return >

Figure 9.12 INTTRJO Interrupt Processing
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10. Sample Code

Sample code can be downloaded from the Renesas Electronics website.

11. Reference Documents

User's Manual: Hardware
RL78/G14 User's Manual: Hardware (R01UH0186)
R8C/36M Group User's Manual: Hardware (RO1UH0259)
The latest versions can be downloaded from the Renesas Electronics website.

Technical Update/Technical News
The latest information can be downloaded from the Renesas Electronics website.

Website and Support

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

Inquiries
http://www.renesas.com/contact/

All trademarks and registered trademarks are the property of their respective owners.
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General Precautions in the Handling of Microprocessing Unit and Microcontroller Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas.
For detailed usage notes on the products covered by this document, refer to the relevant sections of the document as
well as any technical updates that have been issued for the products.

1. Handling of Unused Pins

Handle unused pins in accordance with the directions given under Handling of Unused Pins in the

manual.

— The input pins of CMOS products are generally in the high-impedance state. In operation with an
unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of LSI, an
associated shoot-through current flows internally, and malfunctions occur due to the false
recognition of the pin state as an input signal become possible. Unused pins should be handled as
described under Handling of Unused Pins in the manual.

2. Processing at Power-on

The state of the product is undefined at the moment when power is supplied.

— The states of internal circuits in the LSI are indeterminate and the states of register settings and
pins are undefined at the moment when power is supplied.

In a finished product where the reset signal is applied to the external reset pin, the states of pins
are not guaranteed from the moment when power is supplied until the reset process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset function
are not guaranteed from the moment when power is supplied until the power reaches the level at
which resetting has been specified.
3. Prohibition of Access to Reserved Addresses
Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do not access

these addresses; the correct operation of LSI is not guaranteed if they are accessed.
4. Clock Signals

After applying a reset, only release the reset line after the operating clock signal has become stable.

When switching the clock signal during program execution, wait until the target clock signal has

stabilized.

— When the clock signal is generated with an external resonator (or from an external oscillator)
during a reset, ensure that the reset line is only released after full stabilization of the clock signal.
Moreover, when switching to a clock signal produced with an external resonator (or by an external
oscillator) while program execution is in progress, wait until the target clock signal is stable.

5. Differences between Products

Before changing from one product to another, i.e. to a product with a different part number, confirm

that the change will not lead to problems.

— The characteristics of Microprocessing unit or Microcontroller unit products in the same group but
having a different part number may differ in terms of the internal memory capacity, layout pattern,
and other factors, which can affect the ranges of electrical characteristics, such as characteristic
values, operating margins, immunity to noise, and amount of radiated noise. When changing to a
product with a different part number, implement a system-evaluation test for the given product.




Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for
the incorporation or any other use of the circuits, software, and information in the design of your product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by
you or third parties arising from the use of these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or other intellectual property rights of third parties, by or
arising from the use of Renesas Electronics products or technical information described in this document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application
examples.

3. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or others.

4. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any and all liability for any losses or damages incurred by
you or third parties arising from such alteration, modification, copying or reverse engineering.

5. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for each Renesas Electronics product depends on the
product’'s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic

equipment; industrial robots; etc.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key financial terminal systems; safety control equipment; etc.
Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products are
not intended or authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause
serious property damage (space system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims any and all
liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is inconsistent with any Renesas Electronics data sheet, user's manual or
other Renesas Electronics document.

6. When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for Handling and Using Semiconductor Devices” in the
reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation
characteristics, installation, etc. Renesas Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such specified
ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific characteristics, such as the occurrence of failure at a
certain rate and malfunctions under certain use conditions. Unless designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury, injury
or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety design for hardware and software, including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult
and impractical, you are responsible for evaluating the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. You are responsible for carefully and
sufficiently investigating applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics
products in compliance with all these applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance with applicable
laws and regulations.

9. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws
or regulations. You shall comply with any applicable export control laws and regulations promulgated and administered by the governments of any countries asserting jurisdiction over the parties or

transactions.

=)

. Itis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or transfers the product to a third party, to notify such third
party in advance of the contents and conditions set forth in this document.

11. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(Rev.4.0-1 November 2017)
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