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Abstract

This document describes an overview of the intelligent I/O functions for the R32C/100 Series.

Note that the values for “i” and “j” in register names, register symbols, pin symbols, etc,. vary for each MCU
group. Refer to the corresponding User’s Manual: Hardware for values.
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R32C/100 Series

Overview of the Intelligent I/O Functions

1.

Specifications

The intelligent 1/0 has been built-in to the R32C/100 Series and is a multifunctional /O port that has a
combined base timer and time measurement circuit, waveform generator, and communication block to
perform time measurement, waveform generation, and serial interface function (the serial interface function
is not available in the R32C/120, 121, 145, 151, 152, 153, 156, 157, 160, and 161 Groups).
The following briefly describes the intelligent 1/0O functions.
(1) The base timer is a free-running counter for an internally generated count source.
(2) The time measurement function stores the base timer value in group i time measurement register |
each time an external trigger is input.
(3) The waveform generation function generates a waveform when the values of the base timer and
group i waveform generation register j match.
(4) Variable character length synchronous serial interface mode is available though the serial interface
function.

The intelligent 1/0 uses time measurement and waveform generation (i.e groups 0 and 1 in the R32C/118A
Group), and waveform generation and the serial interface function (i.e. group 2 in the R32C/118A).

Figure 1.1 shows an example of how to use time measurement and waveform generation. Figure 1.2 shows
an overview of how to use waveform generation and the serial interface function. When performing time
measurement, use the base timer and time measurement circuit. When performing waveform generation,
use the base timer and waveform generator. When using serial interface function, use the base timer and
waveform generator or the base timer and communication block.

Intelligent I/O

Base timer

!

Time measurement circuit
Waveform generator

N

Time measurement

Waveform generation function

Input for the _|
input capture

Base timer

Base timer

|

|

Time measurement circuit

Waveform generator

Output for the
output compare

Figure 1.1

Overview of the Intelligent I/O for Groups Embedded With Time Measurement and

Waveform Generation
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Intelligent I/O

| Base timer |

l

| Waveform generator |

l

| Communication block |

/N

Waveform generation function Serial interface function
| Base timer | | Base timer |
Output for the<——| Waveform generator | | Waveform generator |
output compare

l

| Communication block |<-—>Seria| /0

Figure 1.2  Overview of the Intelligent I/0 for Groups Embedded With Waveform Generation and
Serial Interface Function

2. Reference Application Notes

Application notes associated with this application note are listed below. Refer to these application notes for
additional information.
* R32C/100 Series Pulse-Width Measurement Using the Digital Debounce Function of Intelligent 1/O

(RO1AN0336EJ0100)

* R32C/100 Series PWM Output Using Phase Shift Waveform Output Mode in the Intelligent 1/0
(RO1AN0337EJ0100)

* R32C/100 Series Time Measurement Using the Gate Function of Intelligent /O Groups 0 and 1
(RO1AN0O094EJ0100)

+ R32C/100 Series Pulse-Width Measurement Using the Time Measurement Function of Intelligent I/O
Groups 0 and 1 (ROTANO096EJ0100)

*+ R32C/100 Series Synchronous Serial Interface Mode for Intelligent 1/0 Group 2 (RO1AN0097EJ0100)

* R32C/100 Series How to Use Intelligent I/O Interrupt (REJ05B1416-0100)

* R32C/100 Series Intelligent I/O Single-phase Waveform Output Mode (REJ05B1226-0100)

* R32C/100 Series Intelligent I/O SR Waveform Output Mode (REJ05B1227-0100)

RO1ANO906EJ0100 Rev. 1.00 RENESAS Page 4 of 21
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R32C/100 Series

Overview of the Intelligent I/O Functions

3. Peripheral Functions

3.1 Intelligent I/O Functions by Group

Some MCU groups in the R32C/100 Series have up to four groups of intelligent 1/O (group 0 to group 3).
The intelligent I/O has a maximum of 32 I/O channels for the time measurement function, and a maximum
of 32 I/O channels for the waveform generation function. The serial interface supports variable character

length synchronous serial 1/0 and IEBus.

Table 3.1 lists the functions available in the intelligent I/O and the number of channels.

Table 3.1 Functions Available in the Intelligent I/O
R32C/116, R32C/116A,
MCU Group R32C/111 R32C/117, R32C/117A,
R32C/118 R32C/118A
Intelligent 1/0 group 0 1 2 0 1 2 0 1 2
Ti Digital filter 8 8 [N/A| 8 8 [N/A| 8 8 | N/A
ime Prescaler 2 | 2 [INA[ 2 | 2 [NA| 2 | 2 [NA

measurement -
Gating 2 2 [NA| 2 2 [NA| 2 2 | N/A
Single-phase waveform 8 8 3 8 8 8 8 8 8
output mode
Inverted waveform output 8 8 3 8 8 8 8 8 8
mode

Waveform — fep i Veformoutputmode | 8 | 8 | 3 | 8 | 8 | 8 | 8 | 8 | 8

generation I odulation PWM output
m'o deo u UPUE A [ NA | 3 [ NIA [ NIA| 8 |NIA [ NIA| 8
RTP mode N/A|NA| 3 [NA|NA| 8 [NA|NA| 8
Parallel RTP mode N/A|NA| 3 [NA|NA| 8 [NA|NA| 8

, Variable character length

fw?gref‘;ce synchronous serial /0 mode Gy ~ Uiy - eIy A

IEBus mode N/A|NA| A [NA|NA| A [NA|NA| A
R32C/151, R32C/152,
MCU Group FF{{%ZZCC/AZZ? R32C/145 | R32C/153, R32C/156. 5{%22%//11%2’
R32C/157

Intelligent 1/O group 0 1 0 1 0 1 2 3 0
Digital filter 8 8 8 8 8 8 8 8 8

Time Prescaler 2 2 2 2 2 2 2 2 2

measurement |Gating 2 2 2 2 2 2 2 2 2
Digital debounce function 1 1 1 1 1 1 1 1 1
Single-phase waveform 8 8 8 8 8 8 8 8 8
output mode

Waveform Imngzged waveform output 8 8 8 8 8 8 8 8 8

i

generation SR waveform output mode 8 8
Phase shift waveform output 8 8 8 8 8 8 8 8 8
mode

Numbers: Number of channels

A: Function is available

N/A: Function is not available
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R32C/100 Series Overview of the Intelligent I/0O Functions

3.2 Intelligent I/O Configuration

Figure 3.1 and Figure 3.2 show block diagrams of the intelligent 1/0. Figure 3.1 shows a block diagram of
groups with an embedded time measurement circuit and waveform generation function.

ﬂnput capture Reset Output compa%
Count source -I Divider H Phase shifter |
B! 1
R ~ Digital | | Edge Group i time measurement/ || O 110i
10i_0 input filter selection waveform generation register 0 ] PWM 110i_0 output
Digital Edge Group i timelmleasurement/ ireutt
NO_1input O— “fiter [~ selection waveform generation register 1 | | ][O W01 output
[
- ~ Digital| | Edge Group i time measurement/ | | || O 110i
10i_2 inpurt filter selection waveform generation register 2 110i_2 output
I PWM <
Digital Edge Group i time measurement/ ircut E
110i_3 input O filter [ | selection waveform generation register 3 || ] % O 110_3 output
[ =
- ~ Digital| | Edge Group i time measurement/ | | = O 110i
110i_4 inpurt filter selection waveform generation register 4 % 110i_4 output
I PWM 2
Digital Edge Group i time measurement/ ircutt *
110i_5 input C filter | | selection waveform generation register5 || ] O 110i_5 output
[
C oA ~ Digital| | Edge | | Gate/ | | Groupitime measurement/ [ | || O 110i
110i_6 inpurt filter selection prescaler waveform generation register 6 PWM 110i_6 output
Digital Edge Gate/ Group i timelmleasurement/ ircutt
I10i_7 input O filter | |selection| | prescaler | | waveform generation register 7 | | ] O 110i_7 output
Note:
1. The R32C/111, 116, 117, 118, 116A, 117A, and 118A Groups do not have the phase shift waveform output mode.

Figure 3.1 Block Diagram of the Intelligent I/O With Embedded Time Measurement Circuit and
Waveform Generation Function

RO1ANO906EJ0100 Rev. 1.00 RENESAS Page 6 of 21
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R32C/100 Series

Figure 3.2 shows a block diagram of groups with embedded waveform generation function and serial

interface function.
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Block Diagram of the Intelligent /O With Embedded Waveform Generation Function

and Serial Interface Function

Figure 3.2
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R32C/100 Series

Overview of the Intelligent I/O Functions

3.3 Base Timer

The base timer is built-in to the intelligent I/0 in all groups, and is comprised mainly of the time
measurement function and waveform generation function. The base timer is a 16-bit free-running counter.
The base timer can select the following as sources for a base timer reset: base timer overflow, value
match with group i waveform generation register 0, and low input to an external interrupt pin. The count
source and reset source that can be selected differ depending on the group.

Table 3.2 lists the count source and reset source for the base timer by group. For details on the base timer

reset due to a value match with group i waveform generation register 0, refer to section 3.5.1.

Table 3.2 Count Source and Reset Source for the Base Timer
R32C/116, R32C/116A,
MCU Group R32C/111 R32C/117, R32C/117A,
R32C/118 R32C/118A

Intelligent 1/0 group 0 1 2 0 1 2 0 1 2
1 SE | SE|SE| SE | SE | SE| SE | SE | SE

Count source -
Two-phase pulse input SE|SE|NS|SE | SE| NS | SE | SE | NS
Request from anothergroup | SE | SE | SE | SE | SE | SE | SE | SE | SE
INTO pin SE|NS|NS|SE|SE|NS|SE| SE | NS
INT1 pin NS |SE|NS| D | MW INs| D] D |NS
BTiS, BTS (2 SE | SE|SE| SE | SE | SE | SE | SE | SE

Reset source  [gase timer overflow SE | SE| NS | SE | SE | NS | SE | SE | NS
Match with group iwaveform | or | qr | ge [ s | sE | sE | SE | SE | SE
generation register 0
Requ_est from serial interface NS I Ns | seElnsIns | seElNs | Ns | sE
function

R32C/151, R32C/152,
MCU Group Fézzz%ﬂzzﬂ R32C/145 | R32C/153, R32C/156, 51222%//11%2
R32C/157

Intelligent 1/0 group 0 1 0 1 0 1 2 3 0
1 SE | SE| SE | SE | SE | SE | SE | SE SE

Count source |Two-phase pulse input SE | SE|SE | SE| SE | SE | SE | SE SE
Timer BO interrupt SE | SE| SE | SE | SE | SE | SE | SE SE
Request from anothergroup | SE | SE | SE | SE | SE | SE | SE | SE NS
INTO pin SE | NS | SE | SE | SE | SE | SE | SE SE
INT1 pin NS |ISE|l D | MO | M ] @] M NS

Reset source |BTS SE | SE| SE | SE | SE | SE | SE | SE SE
Base timer overflow SE|SE| SE | SE| SE | SE | SE | SE SE
Match with group i waveform | o | o | o | s | sE | SE | SE | SE | SE
generation register 0

SE: Selectable

NS: Not selectable

Notes: L

1. Either INTO or INT1 is selectable.
2. Reset when bits BTiS and BTS become 0.
RO1ANO906EJ0100 Rev. 1.00 RENESAS Page 8 of 21
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R32C/100 Series Overview of the Intelligent I/0O Functions

34 Time Measurement Function

Every time an external trigger is input, the base timer value is stored into group i time measurement
register j. When a trigger is input, a time measurement interrupt request is generated.
Figure 3.3 shows a timing diagram when using the time measurement function.

Trigger input to the l1Oi_j pin f \
(when both edges are selected)
Base timer value

FFFFh
d

b

a
0000h -,
Time

Value for group i time measurement register | a b c d

Time measurement interrupt request
4__Setto 0 by j/
a program

Trigger input to the IIOi_j pin |
(when both edges are selected)

See Note 1,
.

Base timer count source

Base timer value (internal signal) X
*
Base timer register value b-2 X b-1 | b Xb+1
I \
Value for group i time measurement register | a \ b

Time measurement interrupt request

Note:
1. If the level is inverted in this range, the base timer value is reflected in group i time measurement register j.

Figure 3.3  Timing Diagram of the Time Measurement Function

The time measurement function uses the following functions to measure signals based on the objective.
* Edge selection
« Digital filter
* Gating
* Prescaler
* Digital debounce function
These functions are described in the sections below.

RO1ANO906EJ0100 Rev. 1.00 RENESAS Page 9 of 21
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R32C/100 Series Overview of the Intelligent I/0O Functions

3.4.1 Edge Selection

For edge selection, polarity of the trigger input can be selected from rising edge, falling edge, or both
edges.

3.4.2 Digital Filter

The digital filter determines the trigger input level three times with the clock selected (f1 or base timer
count source). Signal levels that match three times pass through the digital filter and become trigger
signals. Signals that did not match are considered to be noise and are filtered out. Figure 3.4 shows the
timing diagram of the digital filter. Figure 3.4 assumes the trigger input polarity is both edges, and base
timer count source (fBTi) is the determination clock for the trigger input level.

Theronen( I DT T D!

Base timer count source

Trigger signal after passing T 7
through the digital filter ! i

Noise filtered out by the digital filter

Figure 3.4  Digital Filter Timing Diagram

After a rising edge is input to the IIOi_j pin, the level is determined three times for every fBTi cycle. When
the level matches three times, signals that have passed through the digital filter change. By using signals
that have passed through the digital filter, time measurement is possible using noise-filtered trigger
signals. (When using the digital filter function, the trigger signal is delayed in order to determine the trigger
input level, but the delay occurs at all trigger input levels, so time is measured accurately.)

RO1ANO906EJ0100 Rev. 1.00 RENESAS Page 10 of 21
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3.4.3 Gating

Gating disables any trigger input to be accepted for a certain period of time after the first trigger is input.
Gating can be cleared either by a program, or when group i waveform generation register j matches the

base timer value.
Figure 3.5 shows a timing diagram for the gate function.

Trigger input to the 110i_j T f I
pin (both edges selected) ; i :
Base timer count source

s YEY TR EOEEEE
(internal signal) =
| Match |

Value of group i
waveform generation \ \\ 117Dh \ \ \
register j to clear gating

1176
1177
117B
117D
117E}--
117F
1185

}

—
Gate signal  Enabled Disabled {Disabled Disabled Enabled Disabled
c P a

.

1180h

116F

Base timer register value

Value of group i
time measurement
register j

Time measurement
interrupt request
k Set to 0 by a program. —/'/

Figure 3.5 Timing Diagram of Gating

In Figure 3.5, the base timer value is stored to group i time measurement register j by a trigger input to the
[I0i_j pin, and trigger inputs are not accepted. If the base timer value matches the value written to group i
waveform generation register j (117Dh), the trigger inputs are accepted. After trigger input is changed
from not accepted to accepted, the base timer value is written to group i time measurement register j at
the trigger input timing.

RO1ANO906EJ0100 Rev. 1.00 RENESAS Page 11 of 21
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3.44 Prescaler

When using the prescaler, the base timer value is stored to group i time measurement register j for the
set number of times the trigger is input. The prescaler value is set in an 8-bit register, and can be set to
a maximum of 256 times (the number of times is the value set for the prescaler + 1).

Figure 3.6 shows the timing diagram for the prescaler.

Trigger input to the 1IOi_j ! | |
pin (both edges selected) | | i : :

Base timer count source

Prescaler 0 /XN 2 X 1 X 0 /XN 2 X 1 XZ

1
1
|
Base fmer value aHEEEEEEEEEEEEﬁEEEEEEEE

Value of group i time i i
measurement register j >:< n X n+11

Time measurement
interrupt request

— Set to 0 by a program. "

Figure 3.6  Prescaler Timing Diagram

In Figure 3.6, the prescaler value is set to 2. When the base timer value is stored to group i time
measurement register j after the first trigger input, the number of trigger inputs is counted, and the base
timer value is stored at the third trigger input.

3.4.5 Digital Debounce Function

After a rising or falling edge, when a filter width longer than the filter width set by a program is retained,
the signal level is determined.

The counter for the digital debounce circuit decrements the count with a count source of f8. Every time
the signal level at the 1lOi_7 pin changes, the counter is reloaded and counting resumes. The input
signal to the IIOi_7 pin is output from the digital debounce circuit on the first rising edge of f8 after the
counter value becomes 00h.

Note that the digital debounce function can only be used with the R32C/120, 121, 145, 151, 152, 153,
156, 157, 160, and 161 Groups.

RO1ANO906EJ0100 Rev. 1.00 RENESAS Page 12 of 21
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3.5 Waveform Generation Function

The waveform generation function generates a match signal when the base timer value and group i
waveform generation register j value match. The signal generated from this match generates an interrupt
request and the output signal changes.

Figure 3.7 shows a timing diagram for the waveform generation function.

Base timer
count source
i
. <
Base timer value ~
=

Value of group i waveform
generation register j 117Ah
Match signal with group i B
waveform generation register j

Waveform generation
interrupt request

Waveform output

Figure 3.7 Timing Diagram for the Waveform Generation Function
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3.5.1 Waveform Generation Modes

The following modes are common to all intelligent I/O groups.
* Single-phase waveform output mode
In this mode, the output level from the waveform output pin becomes high when the group i
waveform generation register j value and base timer value match. When the base timer value
becomes 0000h, the output level from the waveform output pin becomes low.
* Inverted waveform output mode
In this mode, each time the group i waveform generation register j value and base timer value
match, the output level from the waveform output pin is inverted.
* SR waveform output mode
In this mode, the output level from the waveform output pin becomes high when the group i
waveform generation register n value and base timer value match (n =0, 2, 4, 6). The output level
from the waveform output pin becomes low when the group i waveform generation register m value
and base timer value match, or when the base timer becomes 0000h (m =n + 1).
Figure 3.8 shows the timing diagram for various waveform generation outputs.

Base timer value
A

FFFFh

GiPO1
register value

GiPOO0
register value

0000h

4

N >
Time

See Note 1 _| I_I
See Note 2 _|

Single-phase

waveform output

from the 110i_0 pin

Inverted waveform

output from the

110i_0 pin

SR waveform

output from the

110i_0 pin

Notes:
1. Interrupt requested when the group i waveform generation0 value matches the base timer value.
2. Interrupt requested when the group i waveform generation 1 value matches the base timer value.

Figure 3.8 Timing Diagram for Various Waveform Generation Outputs
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The following functions can be set to all three modes above.
* Default value setting
This function determines the starting waveform output level.
* Output level inversion
This function inverts the waveform output level and outputs the inverted signal from the 11Oi_j pin
(or OUTC2_j pin for group 2).
» Base timer reset function
With this function, the base timer is reset when the group i waveform generation register 0 value
matches the base timer value. Two clocks after these values match, the base timer value becomes
0000h.
Figure 3.9 shows the timing diagram for the base timer reset function.

Base timer value

A
FFFFh
GiPOO register
value + 2
0000h Time
Figure 3.9 Base Timer Reset Timing Diagram
R0O1ANO906EJ0100 Rev. 1.00 RENESAS Page 15 of 21
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3.5.2 Example of 16-Bit PWM Output

When using the intelligent I/O, a variable 16-bit PWM waveform can be output. This section describes
outputting a 16-bit PWM waveform using the waveform generation function. The PWM output is set in
group i waveform generation register 0. Select “match with the GiPOO register” as the source for the
base timer reset. Set the low level width of the output waveform in group i waveform generation register
j-

Figure 3.10 shows the timing diagram of 16-bit PWM output. In this figure, the base timer is started by
setting “x” to group i waveform generation register 0 and “m” to group i waveform generation register j.
When the base timer and group i waveform generation register O values become equal, the conditions
for an interrupt request are satisfied, two clocks elapse before low is output from the 11Oi_j pin, and the
base timer value becomes 0000h.

Base timer value When the base timer value becomes
A X + 2, the base timer is reset.
y+2
y
X+ 2 M //\See Note 1
X
0000h - >
L _ Time
Interrupt is requested WBase timer start
when the base timer is
reset by matching with {
group i waveform
generation register 0 T \ : __/
Atfter resetting the base timer,
set y to the GiPOO register Set to 0 by
and n to the GiPOj, register \\\ a program.
Reflected here
Output from
the IIOi_j pin
m m n
X+2 X+2 y+2
x: Initial value for the GiPOO register
m: Initial value for the GiPQj register
Note:
1. The GiPOO0 and GiPQ;j register values are reloaded at this point
(assuming “reload when base timer is reset’ is selected).
Figure 3.10 Timing Diagram of 16-Bit PWM Output
RO1ANO906EJ0100 Rev. 1.00 -IENESAS Page 16 of 21
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3.5.3 Bit Modulation PWM Output Mode

When modifying the pulse width of a PWM output using 16-bit resolution, a PWM output that uses a

FFFFh
Count source
high carrier frequency is feasible while retaining the 16-bit PWM accuracy.

In bit modulation PWM output mode, the carrier frequency is equivalent to a 6-bit PWM, and the PWM
accuracy (resolution) is 16 bits.
Figure 3.11 shows a timing diagram of the bit modulation PWM output mode.

timer requires a cycle of . However, when using bit modulation PWM output mode, a

64 clock cycles
fBT2

determine the low width of the PWM. The 10 lower bits determine the number of times in which the low
width is extended in one clock cycle.

The PWM cycle is fixed at . The 6 upper bits in group i waveform generation register j

b15 b10 b9 b0
Group i waveform 1 1 1 1 1 1 1 1 1 1
generation register j 32 | 16 | 8 | 4 | 2 | ! 2 | 4 | 8 | 16 | 32 | 64 | 128 | 256 | 512|1024
L v A g )
Low level width of PWM pulse Number of modulated spans
k =0 to 63 (3Fh) m =0 to 1023 (3FFh)

oupswaveom 1 [ [ SSﬂ |—|(I‘ T Mw_ﬂ_l

64 clocks 64 clocks

v

k clocks k + 1 clocks
Output waveform 7 % L

Low width of m spans out of 1024 is
extended by minimum resolution
bit width

3Fh

Lower 6 bits of k
the base timer

00h
Base timer
e | U U S UULU LU

o Clock is fBT2.
* Shaded areas are the minimum resolution bit width.

Figure 3.11 Timing Diagram of Bit Modulation PWM Output Mode

Note that the bit modulation PWM output mode can only be used in the R32C/111, 116, 117, 118, 116A,
117A, and 118A Groups.
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R32C/100 Series Overview of the Intelligent I/0O Functions

3.5.4 RTP Output Mode
In real-time port (RTP) output mode, when the group 2 waveform generation register j value matches
the base timer value, the value of bit j in the group 2 RTP output buffer register is output from each

waveform output pin.
Figure 3.12 shows the outline of RTP output mode, and Figure 3.13 shows the timing diagram of RTP

output mode.

Group 2 RTP output buffer register (8 bits)

| Base timer | 0 | 0 | 1 | 0 |

4 L ouUTC2.0

|Group 2 waveform generation register 0! 0

Output retained

‘ ‘ Match with the

; ouTC2_1
|Group 2 waveform generation register 1 !base timer value —:!Il——ﬂ is output
‘ ‘ ouTC2 2
|Group 2 waveform generation registerZ! 4@——>Output retained

i Match with the N ouTC2 7
|Group 2 waveform generation register 7|base timer value CE——W is output

Output latch

Figure 3.12 Outline of the RTP Output

Base timer value

A
FFFFh
See Note 1
0000h >
Time
Rewrite the G2RTP register
See Note 2 i in the interrupt handler. i i
RTPO value 0 >< 1 >< 0 X:
Output waveform

RTPO: Bit in the G2RTP register
Notes:
1. Value of group 2 waveform generation register j.
2. Interrupt requested when the group 2 waveform generation 0 value matches the base timer value.

Figure 3.13 Timing Diagram of RTP Output Mode

Note that the RTP output mode can only be used with the R32C/111, 116, 117, 118, 116A, 117A, and 118A
Groups.
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3.5.5 Parallel RTP Output Mode

In parallel RTP output mode, when the group 2 waveform generation register j value matches the base
timer value, the value set to the group 2 RTP output buffer register is output from the corresponding
output pins in 1-byte units. In this mode, the pin level can be changed in short intervals. Note that the
parallel RTP output mode can only be used with the R32C/111, 116, 117, 118, 116A, 117A, and 118A
Groups. Figure 3.14 shows an outline of parallel RTP output mode, and Figure 3.15 shows a timing
diagram of the parallel RTP output mode operation.

Group 2 RTP output buffer register (8 bits)

| Base timer | |0| |0|1|0|
u Match with the

| Group 2 waveform generation register 0 [2ase timer value > OUTC2 0 0 is output
||

- . ouTC2_1 .

| Group 2 waveform generation register 1 I— —:!Il—>1 is output
‘ ‘ - - ouTC2_2 .

| Group 2 waveform generation register 2 4@—>0 is output

' | » ] OUTC2_7
| Group 2 waveform generation register 7 + ;E——>O is output
T

Output latch

Figure 3.14 Outline of Parallel RTP Output Mode

Base timer value
A

FFFFh

See Note 1

See Note 1

0000h T >
Rewrite the group 2 RTP output buffer ime

See Note 2 —'—l register in the interrupt handler

See Note 2

Group 2 !

RTP output 30h
buffer register
((OUTC2_7 FUndefnedm]
OUTC2_6 Fiundefined |
OuUTC2_5 Undefined
ouTC2 4 Undefined
OUTC2_3 [undefined |
OUTC2_2 Fiundefined |
OUTC2_1 FiTndefined I
LOUTC2_0 [ Undefined |

2Eh 3Dh

S

s S
e

82h X 1Fh

Output waveform
A

Notes:
1. Value of group 2 waveform generation register j.
2. Interrupt requested when the group 2 waveform generation register j value matches the base timer value

Figure 3.15 Timing Diagram of the Parallel RTP Output Mode Operation
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3.5.6 Phase Shift Waveform Output Mode

In phase shift waveform output mode, PWM output is phase-shifted at every channel. This mode
enables functions that help reduce switching noise and instantaneous power consumption. When the
phase shift waveform output mode is enabled, the phase shifter controls when the output level at the
[10i_j pin becomes high. Each time the phase shift clock is input, each output level of the 110i_0 pin
sequentially becomes high.

Note that the phase shift waveform output mode can only be used with the R32C/120, 121, 145, 151,
152, 153, 157, 160, and 161 Groups.

3.6 Serial Interface Function
This function can only be used with the R32C/111, 116, 117, 118, 116A, 117A, and 118A Groups.

3.6.1 Variable Character Length Synchronous Serial 1/0

The serial interface function of the intelligent I/O is comprised of variable character length synchronous
serial I/0 and the IEBus. When using the variable character length synchronous serial 1/0, the transmit
and receive clocks are generated by channel 2 waveform generation in inverted waveform output
mode. When writing transmit data to the group 2 SI/O transmit buffer register (G2TB), transmit data is
output from the ISTXD2 pin in synchronization with the transmit and receive clocks.

Figure 3.16 shows the timing diagram of output while in variable character length synchronous serial
I/O mode.

Base timer value
Value of group 2 waveform 4
generation register 0 + 2

Value of group 2 waveform

generation register 3 i
0000h me!”
T Time
Base timer Write to the
count start G2TB register,

Internal transmit/receive [

clocks generated by channel _HLH_I_I_HJTJHJTJT_

2 waveform generation

]
[
]
[
]
[
]
[
-

Output from the ISCLK2 pin | Undefined _I_éLﬂJTJruTJ_Lr

Output from the ISTXD2 pin Undefined  ( bo J b1 | b2 f b3 | ba f b5 § b6 | b7

Transmit interrupt request I“
(transmit buffer empty selected)

Transmit interrupt request N ’VI
(transmission complete selected) e

A

Set to 0 by a program.

Input to the ISRXD2 pin Y oo X b1 § b2 f b3 | ba § b5 ) b6 | b7 \

Receive interrupt request }/

Figure 3.16 Timing Diagram of Output While In Variable Character Length Synchronous Serial I/10
Mode

3.6.2 IEBus
The IEBus is an optional function. Contact a Renesas Electronics sales office to use this feature.
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4. Reference Documents

R32C/111 Group User’s Manual: Hardware Rev.1.20
R32C/116 Group User’s Manual: Hardware Rev.1.10
R32C/117 Group User’s Manual: Hardware Rev.1.10
R32C/118 Group User’s Manual: Hardware Rev.1.10
R32C/116A Group User’s Manual: Hardware Rev.1.00
R32C/117A Group User’s Manual: Hardware Rev.1.00
R32C/118A Group User’s Manual: Hardware Rev.1.00
R32C/120 Group User’s Manual: Hardware Rev.1.20
R32C/121 Group User’s Manual: Hardware Rev.1.20
R32C/145 Group User’s Manual: Hardware Rev.1.10
R32C/151 Group User’s Manual: Hardware Rev.1.10
R32C/152 Group User’s Manual: Hardware Rev.1.10
R32C/153 Group User’s Manual: Hardware Rev.1.10
R32C/156 Group User’s Manual: Hardware Rev.1.10
R32C/157 Group User’s Manual: Hardware Rev.1.10
R32C/160 Group User’s Manual: Hardware Rev.1.02
R32C/161 Group User’s Manual: Hardware Rev.1.02
The latest versions can be downloaded from the Renesas Electronics website.

Website and Support

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

Inquiries
http://www.renesas.com/contact/
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes

on the products covered by this manual, refer to the relevant sections of the manual. If the descriptions under
General Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each
other, the description in the body of the manual takes precedence.

1.

Handling of Unused Pins

Handle unused pins in accord 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 LS|, 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.

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.

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 LS| is not guaranteed if they are
accessed.

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.

Differences between Products

Before changing from one product to another, i.e. to one with a different part number, confirm
that the change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different part numbers may
differ because of the differences in internal memory capacity and layout pattern. When
changing to products of different part numbers, implement a system-evaluation test for
each of the products.




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 of these circuits, software, and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from the

use of these circuits, software, or information.

2. Renesas Electronics has used reasonable care in preparing the ir ion included in this , but Renesas Electronics does not warrant that such information is error free. Renesas Electronics
assumes no liability whatsoever for any damages incurred by you resulting from errors in or omissions from the information included herein.
3. Renesas Electronics does not assume any liability for infringement of 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. 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 should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. Renesas Electronics assumes no responsibility for any losses incurred by you or

third parties arising from such alteration, modification, copy or otherwise misappropriation of Renesas Electronics product.

5. Renesas Electronics products are classified according to the following two quality grades: "Standard" and "High Quality". The recommended applications for each Renesas Electronics product depends on

the product's quality grade, as indicated below.

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

equipment; and industrial robots etc.

"High Quality": Trar equipment , trains, ships, etc.); traffic control systems; anti-disaster systems; anti-crime systems; and safety equipment etc.

Renesas Electronics products are neither intended nor 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 damages (nuclear reactor control systems, military equipment etc.). You must check the quality grade of each Renesas Electronics product before using it
in a particular application. You may not use any Renesas Electronics product for any application for which it is not intended. Renesas Electronics shall not be in any way liable for any damages or losses
incurred by you or third parties arising from the use of any Renesas Electronics product for which the product is not intended by Renesas Electronics.

6. You should use the Renesas products i in this within the range specified by Renesas Electronics, especially with respect to the maximum rating, operating supply voltage

range, movement power voltage range, heat radiation characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or damages arising out of the

use of Renesas Electronics products beyond such specified ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have specific ct
malfunctions under certain use conditions. Further, Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to guard them against the
possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas Electronics product, such as safety design for hardware and software including but not limited to

fire control and lion prevention, appropriate treatment for aging degradation or any other appropriate measures.

please evaluate 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. Please use Renesas Electronics

products in with all i laws and that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. Renesas Electronics assumes

no liability for damages or losses occurring as a result of your noncompliance with applicable laws and regulations.

9. Renesas Electronics products and technology may 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 should not use Renesas Electronics products or technology described in this document for any purpose relating to military applications or use by the military, including but not limited to the

development of weapons of mass destruction. When exporting the Renesas Electronics products or technology described in this document, you should comply with the applicable export control laws and

regulations and follow the procedures required by such laws and regulations.
10.

1)

contents and conditions set forth in this document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of unauthorized use of Renesas Electronics

products.

11. This document may not be 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 i ion contained in this or Renesas Electronics products, or if you have any other inquiries.

(Note 1) "Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-owned subsidiaries.

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

Itis the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise places the product with a third party, to notify such third party in advance of the

such as the of failure at a certain rate and

Because the evaluation of microcomputer software alone is very difficult,
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