LENESAS APPLICATION NOTE

RL78/G10 RO1AN3083EJ0101
Rev. 1.01
Serial Array Unit (Baud Rate Correction) CC-RL Oct. 05, 2016

Introduction

This application note describes how to correct the baud rate by UART communication function of the serial array unit
(SAU). First, a communication partner's baud rate is computed by the pulse interval measurement function of the timer
array unit (TAU). The register of RL78/G10 is set up, and baud rate correction is performed so that a baud rate error
may be reduced from the computed result.

Target Device
RL78/G10

When applying the sample program covered in this application note to another microcomputer, modify the program
according to the specifications for the target microcomputer and conduct an extensive evaluation of the modified
program.
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RL78/G10 Serial Array Unit (Baud Rate Correction) CC-RL

1. Specification

In this application note, measures the data 55H (High and Low come by turns) of LSB first N°® by the communication
partner using the pulse interval measurement function, and calculates the communication partner's baud rate. Moreover,
sets up the register of RL78/G10 to reduce a baud rate error with a communication partner (baud rate correction). In
addition, an Input switch control register (ISC) is set up for inputting the input signal of RxDO pin into INTPO and

TMOL1.

Detects the start bit (falling edge) of the data 55H transmitted by the communication partner by INTPO interruption, and
starts TMO1 by the pulse interval measurement function. Measures the pulse interval of the data 55H (4 times of rising
edges), and calculates the communication partner's baud rate (bit width of UART data). From the calculation result,
adjusts the baud rate of RL78/G10 in SPSO register and upper 7-bit of SDR register. Sends the data 55H to the
communication partner from RL78/G10 as an object for a check after adjustment.

Note: In the case of the MSB first, AAH is used. Moreover, parity is nothing or is taken as odd parity.

Table 1.1 shows the peripheral function to be used and its use.
Figure 1.1 shows the circuit configuration of baud rate measurement.
Figure 1.2 shows the timing chart of baud rate measurement.

Figure 1.3 shows each baud rate adjustment program.

Table 1.1 Peripheral Functions to be Used and Uses

Peripheral Function Use
Serial array unit 0 (UARTO) ]Iczt]ecrtlic())crzjks the channel 0 and the channel 1, and uses a UART
External interrupt (INTPO) -(Ij-gfez::g bit (falling edge) of the signal inputted into RxDO pin is
The channel 1 is used as the pulse interval measurement function.
Timer array unit 0 (TMO01) The pulse interval of the input signal (4 times of rising edges) of RxD0
pin is measured.

RL78/G10
Master Asynchronous communication TXDO SAU (UARTO)
RxD 7 TXDO
o TR Tl s s
— External interrupt
Data: 55H INTPO o> 5 = INTPO
Start bit "8'
@ TAU (TMO01)
Tior | @ TIO1
—
N
ISC register

Figure 1.1 Circuit Configuration of Baud Rate Measurement
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ISC register 000000118 X

RxDO

INTPO

(Ts0.1 Ab / /

e |

|

\
KIN——

TEO1 i
T™OL < \ —

FFFFH X

TCRO1  4o00n

D ) ) ) )

Discard  capture
KTDRO]. 0000 p Capture value 1 Capture value 2 Capture value 3 Capture value 4

INTTMO1 ] &] '] L‘ L‘

The pulse interval for 8 bits of UART data=
Total of each (Capture value+1)
v
The sum total is divided by 8 in order to find the bit wide.

Figure 1.2 Timing Chart of Baud Rate Measurement

As shown in Figure 1.2, calculates the communication partner's baud rate (bit width of UART data) from four capture
values of TMO1.

Next, adjusts the baud rate of RL78/G10. Sets up the baud rate of RL78/G10 by "dividing of a SPS register", and
"dividing of upper 7-bit (SDROnH) of SDR register." Since SDROnH can do dividing to a maximum of 256, SPSO
register is specified from the computed result so that it may become the maximum and not greater than 256.

In this application note, subtracts 1 from the value which was made 256 or less in order to make LSB (least significant
byte) 0, since the error of the value stored in a SDROnH [7:1] register is made as small as possible.

(A value of SDRONH [7:1] register is calculated like that 1 is added to a value which is less than or equal to 256, and it
is divided by 2 and subtracted 1.)

Figure 1.3 shows this calculation by actual program. SPSDATA is a variable which stores the value set as SPS0
register. DIVDATA is a variable which stores the value set as SDROnH.
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RL78/G10 Serial Array Unit (Baud Rate Correction) CC-RL
CLRB SPSDATA ; set start data Confirms it has
SHIFTLOOP:
become 256 or less.
CMPW AX,  #0x0101 ; check divide ratio
BC $SHIFTEND ; branch if LT 257 i 256 or |
INC SPSDATA ;countup SPS data |\ tIS nOL2b0 or less,
' —— __ divides it into halves
SHRW AX, 1 ;172 ) and adds 1 to SPS0
BR $SHIFTLOOP ; continue setup value.
SHIFTEND: ,
DECW AX - adjust ‘ The setup value of a
’ . —__ SDRregister is
MOV A, #0b11111110 ; get 7bits computed by
AND A, X ' rounding off.
MOV DIVDATA, A ; set SDRH data

Figure 1.3 Baud Rate Adjustment Program

2. Operation Check Conditions

The sample code described in this application note has been checked under the conditions listed in the table below.

Table 2.1 Operation Check Conditions

Item

Description

Microcontroller used

RL78/G10 (R5F10Y16)

Operating frequency

High-speed on-chip oscillator (HOCO) clock: 20 MHz
CPU/peripheral hardware clock: 20 MHz

Operating voltage

5.0 V (can run on a voltage range of 2.9 Vt0 5.5 V.)
SPOR operating voltage: Rising edge voltage: 2.90V
: Falling edge voltage: 2.84V

Integrated development
environment (CS+)

CS+ for CC V3.01.00 from Renesas Electronics Corp.

Assembler (CS+)

CC-RL V1.01.00 from Renesas Electronics Corp.

Integrated development
environment (e? studio)

e? studio V4.0.2.008 from Renesas Electronics Corp.

Assembler (e? studio)

CC-RL V1.01.00 from Renesas Electronics Corp.

Board to be used

RL78/G10 target board (QB-R5F10Y16-TB)

3. Related Application Notes

The application notes related to this application note are listed below for reference.
RL78/G10 Initialization (ROLAN2668E) Application Note

RO1AN3083EJ0101 Rev. 1.01
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RL78/G10 Serial Array Unit (Baud Rate Correction) CC-RL

4. Description of the Hardware

4.1 Hardware Configuration Example
Figure 4.1 shows an example of hardware configuration that is used for this application note.

Voo Vbp
RESET —A%r
Vbp
RL78/G10
PO1/RXDO0 Reception data
POO/TXDO > Transmission
77|; Vss P40/TOOLO [«  For on-chip debugger

Figure 4.1 Hardware Configuration

Caution: 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. Refer to “2.3 Connection of Unused Pins” of RL78/G14
User's Manual: Hardware (RO1UHO384E) for more information about connection of unused pins.

2. Voo must supply not lower than the reset release voltage (Vspor) that is specified as SPOR.

4.2 List of Pins to be Used
Table 4.1 lists the pins to be used and their function.
Table 4.1 Pins to be Used and their Function

Pin Name /0 Description
P0O1/RXDO0O Input Input port for serial receiving data.
The following input ports are made to serve a
double purpose by an ISC register.
+ ISC1=1: Input port of TIO1.
+ ISCO0=1: Input port of INTPO.

P0O0/TXDO Output Output port for serial transmission data.
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5. Description of the Software

5.1 Operation Outline

The input switch control register (ISC) is set up in order to input the input signal of RxDO pin into INTPO and TMOL1.
Waits for the start bit (falling edge) of the data 55H from a communication partner by the falling edge detection
function of INTPO. If a start bit is detected, sets the channel 1 (TMO01) of TAU as the pulse interval measurement
function, and measures the rising edge interval of an input signal 4 times. Calculates the communication partner's baud
rate (bit width of UART data) from the sum total of the capture value for 4 times. From the result, sets SPSO register
and a SDRONH register, and correct the baud rate of RL78/G10.

Notifies a communication partner of completion of communication preparation that the channel 0 and the channel 1 of
SAUO are set as UART mode (with 8 bits, the LSB first, and no parity), and the data 55H is transmitted from TXDO pin.

(1) Initializes TAU.
<Setting conditions>
®  Sets POO/TXDO pin and P01/RXDO pin as input.
®  Sets the prescaler as CKO0O: fCLK.
®  Sets TMO1as the input pulse interval measurement.
°

Selects CKOO as a count clock.
Selects the input edge of TI01 pin as rising edge detection.
Sets the output of TI0O as disable.

Note: If the baud rate is 1200bps or less, please select LOWRANGE. Correction is made by using CK01:fcLk/128
and adding 7 to the setup value of SPSO0 register.

(2) Sets INTPO to the falling edge detection.
(3) Connects input signal of RXDO pin to INTPO and TI01 by ISC register.

(4) Sets the number of times of a capture of TMO1 to 5 times.
Enables INTPO interrupt, and waits for capture completion.

(5) If the start bit of the data 55H is detected by INTPO interruption, initializes the capture accumulation variable of
TMO1. Disables INTPO interruption, starts TMO1 and waits for the first INTTMOL1 generating.

(6) Atthe first INTTMOL interrupt occurrence, cancels a capture value (for an unfixed value).

(7) Adds captured value 1 to 3 that are obtained by interruption occurrence of the 2nd to 4th time to the accumulation
variable of a capture.
Counts down the number of times of a capture and returns.

(8) If the INTTMO1 interruption is occurred, makes INTTMOO interruption disable. Adds captured value 4 to the
accumulation variable of a capture, and counts down the number of times of capture

(9) Calculates a baud rate from the communication partner's baud rate, and stores the setup value to SPSO0 register and
SDROnNH register to a variable. Returns from interruption and initializes UARTO.

(10) Baud rate correction of RL78/G10 is completed. Transmits 55H to a communication partner.

RO1AN3083EJ0101 Rev. 1.01 Page 7 of 47
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5.2

List of Option Byte Settings

Table 5.1 summarizes the settings of the option bytes.

Table 5.1 Option Byte Settings

Address Value Description
000COH 11101110B Disables the watchdog timer.
(Stops counting after the release from the reset state.)
000C1H 11110111B Uses P125/RESET pin as RESET input.
SPOR detection voltage
: Rising edge voltage: 2.90V (typ.)
: Falling edge voltage: 2.84V ( typ.)
000C2H 11111001B HOCO: 20MHz
000C3H 10000101B Enables the on-chip debugger.

5.3

List of Constants

Table 5.2 lists the constants that are used in this sample program.

Table 5.2 Constants for the Sample Program

Constant Setting Description
CLKFREQ 20000 Expressed fCLK per kHz
CTXMODETxH 10000000B Setting value of SCROOH for transmission
CRXMODERxH 01000000B Setting value of SCRO1H for reception
CTRXMODEL 10010111B Setting value of SCROOL and SCRO1L
CSMRDATATxH 00000000B Setting value of SMROOH for transmission
CSMRDATARXxH 00000001B Setting value of SMRO1H for reception
CSMRDATATxL 00100010B Setting value of SMROOL and SMRO1L
5.4 List of Variables

Table 5.3 lists variables used by this sample program.

Table 5.3 Variables used for this Sample Program

Variable Name

Outline

capturel The variable for accumulation of a capture value (lower 16-bit)
captureh The variable for accumulation of a capture value (upper 8-bit)
spsdata Stores setup value for SPSO register
divdata Stores setup value for SDRONH register
Ipcount For the number-of-times count of a capture
rxdatabuf The buffer for received-data storing
rxstatus Receiving status
(00: Receiving successful end, 01 to 07: Receiving error, 80H: No
receiving data)
txstatus Transmission status (00: Complete of transmission)

RO1AN3083EJ0101 Rev. 1.01
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5.5 List of Functions (Subroutines)
Table 5.4 lists the functions (subroutines).

Table 5.4 Functions (Subroutines)

Function Name Outline
SINIUARTO Initialization of UARTO
STARTUARTO Enabling of UARTO
STOPUARTO Disabling of UARTO
STxDATAST Transmission starting of 1 character
STxDATA Transmission & Wait for transmission complete of 1 character
STXWAIT Wait for transmission complete of 1 character
SRxDATA Receiving of 1 character
IINTSRO Receiving end interrupt
IINTSTO Transfer end interrupt
IINTPO INTPO interrupt processing
INTTMO1 TMO1 capture end interrupt

5.6 Function Specifications (Subroutines)
This section describes the specifications for the functions (subroutines) that are used in this sample program.

[Function Name] SINIUARTO

QOutline
Explanation
Arguments
Return value
Remarks

Initialization of UARTO

Initializes UARTO according to the communication partner's baud rate.
None (spsdata. divdata)

None

None

[Function Name] STARTUARTO

Outline
Explanation

Arguments
Return value
Remarks

Enabling of UARTO

Enables UARTO operation and interruption.
Sets receiving status (rxstatus) to busy (80H).
None

None

None

[Function Name] STOPUARTO

QOutline
Explanation
Arguments
Return value
Remarks

Disabling of UARTO

Disables UARTO operation and interruption.
None

None

None

RO1AN3083EJ0101 Rev. 1.01
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[Function Name] STxDATAST

Outline Transmission from UARTO starting

Explanation Waits for that BFFOO bit becomes 0, and starts transmission by writing data of A
register into TXDO register.

Arguments A register : Transmit data

Return value None

Remarks Sets the bit 7 of transmission status.

[Function Name] STxDATA

Outline Transmission of UARTO

Explanation Waits for that BFFOO bit becomes 0, starts transmission by writing data of A register
into TXDO register, and waits for the end of transmission.

Arguments A register : Transmit data

Return value None

Remarks The transmission status becomes 00.

[Function Name] STxWAIT

Outline Wait for transmission complete of UARTO
Explanation Waits for the transmission status becomes 00.
Arguments None

Return value None

Remarks None

[Function Name] SRxDATA

Outline Wait for receiving complete of UARTO
Explanation Stores received data to A register.

Arguments None

Return value A register : Receive data

Remarks Makes the receiving status (rxstatus) busy (80H).

[Function Name] IINTSRO

Outline Receiving end interrupt

Explanation Be activated by INTSRO interrupt. If the buffer for received-data storing already has
data, sets overrun error to the value of SSR01 register, and sets receiving status. If the
reception is end normally, sets the receiving status to 00 and stores received data in
the buffer for received-data storing.

Arguments None
Return value None (rxstatus: Receiving status, rxdatabuf: Normal received data).
Remarks None

[Function Name] IINTSTO

Outline Transfer end interrupt of UARTO

Explanation Be activated by INTSTO interrupt, and sets the transmission status to 00.
Arguments None

Return value None

Remarks None

RO1AN3083EJ0101 Rev. 1.01 Page 10 of 47
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[Function Name] IINTPO

Outline
Explanation

Arguments
Return value
Remarks

INTPO interrupt processing

Be activated at the leading edge (falling) of start bit. Performs a baud rate
measurement setup, and enables operation of TM01. Disables INTPO interrupt.
None

None

None

[Function Name] IINTTMO1

Outline INTTMO1 interrupt processing

Explanation Be activated at the rising edge of RXDO pin, and performs processing according to
the number of times of interruption.
1t time: Counts down the number of times of capture (Ipcount).
2" to 4" times: Adds a capture value to the variable for accumulation.
5% time: Adds a capture value to the variable for accumulation, and stops TMO1.
Calculates the setup value to SPSO0 register and the setup value to SDRONnH register
from an accumulation value, and stores in a variable.

Arguments None

Return value None

Remarks Stores the setup value to SPSO register in Variable spsdata, and the setup value to a

SDRONH register in divdata.
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5.7 Flowcharts
Figure 5.1 shows the overall flow of the sample program described in this application note.

C

Start

D

CPU initialization function
RESET_START

The option bytes are referenced before the
CPU initialization function is called.

Figure 5.1 Overall Flow
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5.7.1 CPU Initialization Function
Figure 5.2 shows the flowchart for the CPU initialization function.

< RESET_START >

Setup of stack pointer

Setup of redirection PIOR « 00H
| . .
Leaves P00 (TxDO pin) and P01 (RxDO pin)
SetléFI)NOILI/OORPI-O“S input setting, and sets other pins that can be
set as output to output.
\
Setup ofscilﬁcl:élf;;neratlon Select HOCO (20 MHz) as an operation
clock.
|
Setup of TAU Sets the channel 1 to the pulse interval
SINITAU measurement by a rising edge mode .
|
Setup of INTPO Sets INTPO interrupt as the falling edge
SINIINTPO detection.
|
Call main routine
main
‘A
“
HALT
Figure 5.2 CPU Initialization Function
RO1AN3083EJ0101 Rev. 1.01 Page 13 of 47
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5.7.2 1/O Port Setup
Figure 5.3 shows the flowchart for setting up the 1/0 ports.

< SINIPORT >

Set analog-input alternate pin as Each bit of PMC register — 0
digital I/O

Set up port registers Sets all output latches to 0.

Sets P00 (TxDO pin) and P01 (RxDO pin) to
input, and sets other pins that can be set as
output to output.

Set except UARTO pins
to an output port

v

= D

Figure 5.3 /0 Port Setup

Note: Provide proper treatment for unused pins so that their electrical specifications are observed. Refer to RL78/G10
User's Manual: Hardware “2.3 Connection of Unused Pins” for the unused pins processing.

UARTO pin setting

. Port mode register (PMO)
1/0 mode of PMOO select

Symbol: PMO
7 6 5 4 3 2 1 0
PMO7Nete [ PMOG Note | PMO5 Nt | PMO4 PMO03 PMO02 PMO1 PMO00
0/1 0/1 0/1 0 0 0 1 1

Note: 16-pin products only.

Bit 1 Bit 0

PMO1 PMO1 input mode selection PMO0O PMO0O output mode selection
0 Output mode (output buffer on) 0 Output mode (output buffer on)
1 Input mode (output buffer off) 1 Input mode (output buffer off)

Note: Refer to RL78/G10 User's Manual: Hardware for more information about the way to set up
registers.
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5.7.3 Clock Generation Circuit Setup
Figure 5.4 shows the flowchart for clock generation circuit setup.

< SINICLK >
CMC register « 00000000B: Do not use high-speed system clock.

Set up high-speed system clock Note _ .
MSTOP bit of CSC register « 1

Set up operation speed mode WUTMMCKO bit of OSMC register — 0
control register Not© : Stops to provide clock of 12-bit interval timer.

Select CPU/peripheral hardware MCMO bit of CKC register « 1
: Select high-speed OCO clock (fiH) as main system clock (fuain).

clock (fcLk) Nete

Select frequency of high-speed 2-0 bit of HOCODIV register < 001
on-chip oscillator : Set HOCO frequency to 20 MHz.

" D

Figure 5.4 Clock Generation Circuit Setup

Note: Set CMC, CKC, CSC, and OSMC register only to 16 pin products. As for10 pin products, the setup of these
registers is unnecessary.
Refer to RL78/G10 Initialization (RO1AN2668E) Application note “Flowcharts” for CPU clock setup

(SINICLK).
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5.7.4 Setup of Timer Array Unit
Figure 5.5 shows the flowchart of timer array unit setup.

( SINITAU >

Clock supply to timer array unit TAUOEN bit < 1
Counter operation stopped TTO1 bit « 1

Setup the TAU operation TPSO register — 70H

Set the operation clock of TAU Operation clock 0 (CK00): fCLK

Operation clock 1 (CK01): fCLK/2A7
TMRO1H register «— 01H
TAU channel1 TMROTL register < 44H
Set the operation mode *  Operation clock: CKOQNote

. Operation mode: Capture mode
. Start trigger: Sets the valid edge of TI01 to a rising.

TAU channel 1 TOEO01 bit « 0: Disables TO01 output.
Output disabled

TAU channel 1
Set the output level

TAU channel 1 TMMKO1 bit < 1: INTTMO1 interrupt disabled
Set the interruption TMIFO1 bit < 0: INTTMO1 interrupt request clear

= D

TOO1 bit «— 0: Sets TO01 output to the low level.

Figure 5.5 Setup of Timer Array Unit

Note: When a baud rate is 1200 bps or less, CK01:fCLK/2"7 are chosen.
In addition, the program of LOWRANGE is used.
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Starting clock supply to the timer array unit 0

Peripheral enable register 0 (PERO)
Starts clock supply to the timer array unit 0.

Symbol: PERO

7 6 5 4 3 2 1 0

TMKAENMN'® | CMPENN® | ADCEN [IICAOENMNet SAUOEN TAUOEN

X X X X X 1
Bit 0
TAUOEN [Supplies input clock.
0 Stops supply of input clock.
1 Supplies input clock.
Note 16-pin products only.
Setup of the timer clock frequency

=Timer clock select register 0 (TPSO0)
Selects the operation clock of timer array unit 0.

Symbol: TPSO

7 6 5 4 3 2 1 0
PRS013 PRS012 PRS011 PRS010 PRS003 PRS002 PRS001 PRS000

0 1 1 1 0 0 0 0
Bit7-4,3-0
PRS [PRS | PRS | PRS |[Selection of operation clock (CK00)
003 |002 |001 (000 foLk= fok= foLk= foLk= o=
1.25MHz 2.5MHz 5MHz 10MHz 20MHz

00O 0 0 fouk 1.25MHz | 2.5MHz 5 MHz 10 MHz 20 MHz
0 0 0 1 fok/2 625 kHz 1.25 MHz 2.5 MHz 5 MHz 10 MHz
0 0 1 0 fok/2? 312.5 kHz 625 kHz 1.25 MHz 2.5 MHz 5 MHz
0 0 1 1 fok/2® 156.2 kHz | 312.5 kHz 625 kHz 1.25 MHz 2.5 MHz
0 1 0 0 fok/2* 78.1 kHz 156.2 kHz | 312.5 kHz 625 kHz 1.25 MHz
0 1 0 1 fok/2° 39.1 kHz 78.1 kHz 156.2 kHz | 312.5 kHz 625 kHz
0 1 1 0 foLk/28 19.5 kHz 39.1 kHz 78.1 kHz 156.2 kHz | 312.5 kHz
0 1 1 1 fox/2” | 976 kHz | 19.5kHz | 39.1kHz | 78.1kHz | 156.2 kHz
1 0] 0 0 fok/28 4.88 kHz 9.76 kHz 19.5 kHz 39.1 kHz 78.1 kHz
1 0 0 1 fork/2° 2.44 kHz 4.88 kHz 9.76 kHz 19.5 kHz 39.1 kHz
1 0 1 0 fo/2'° 1.22 kHz 2.44 kHz 4.88 kHz 9.76 kHz 19.5 kHz
1 0] 1 1 fok/2" 610 Hz 1.22 kHz 2.44 kHz 4.88 kHz 9.76 kHz
1 1 0 0 fok/21? 305 Hz 610 Hz 1.22 kHz 2.44 kHz 4.88 kHz
1 1 0 1 fok/2™ 153 Hz 305 Hz 610 Hz 1.22 kHz 2.44 kHz
1 1 1 0 fo/2' 78Hz 153 Hz 305 Hz 610 Hz 1.22 kHz
1 1 1 1 fok/2'® 39Hz 78Hz 153 Hz 305 Hz 610 Hz

Note: For details on the procedure for setting up the registers, refer to RL78/G10 User's Manual: Hardware.
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RL78/G10 Serial Array Unit (Baud Rate Correction) CC-RL

Setup of channel 0 operation mode

. Timer mode register 01 (TMRO1H, TMRO1L)
Selection of the operation clock (fuck)-
Selection of the count clock.
Selection of the 16 or 8-bit timer.
Specifying the start trigger and capture trigger.
Selection of the valid edge of the timer input.
Setting of the operation mode.

Symbol: TMRO1H

7 6 5 4 3 2 1 0
CKS011 0 0 CCS01 | SPLITO1 | STS012 | STS011 | STS010
QNote 0 0 0 0 0 0 1
Note: Sets 1 when carrying out UART communication by less than baud rate 1200bps.

Bit 7
CKS011 Selection of operation clock (fmck) of channel 1
0 Operation clock CKO0O set by timer clock select register 0 (TPSO0)
1 Operation clock CK01 set by timer clock select register 0 (TPS0)
Bit 4
CCs01 Selection of count clock (frck) of channel 1
0 Operation clock (fvek) specified by the CKS011 bit
1 Valid edge of input signal from the TIOn pin
Bit 3

SPLITO1 Selection of 8-bit timer/16-bit timer operation of channel 1

0 Operation as 16-bit timer
1 Operation as 8-bit timer
Bit2-0

STS012 STS011 STS010 Setting of start trigger or capture trigger of channel 1

0 0 0 Only software trigger start is valid (other trigger sources are unselected)
Valid edge of the TIO1 pin input is used as the start trigger and capture

0 0 1 trigger

5 1 : Both the edges of the TI01 pin input are used as a start trigger and a capture
trigger.

When the channel is used as a slave channel with the one-shot pulse
output,PWM output function,or multiple PWM output function:

The interrupt request signal of the master channel is used (at the time of the
slave channel of two or more channel linkage operation function) .

When the channel is used as a slave channel in two-channel input with one-shot
pulse output function:

1 1 0 The interrupt request signal of the master channel (INTTMOn) is used as the start
trigger.

A valid edge of the TI03 pin input of the slave channel is used as the end trigger.

Other than above Setting prohibited

Note: Refer to “RL78/G10 User's Manual: Hardware” for the setup of the register.
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Symbol: TMRO1L

7 6 5 4 3 2 1
CIS011 CIS010 MDO013 MDO012 MDO011 MDO010
0 1 0 1 0 0
Bit7-6
CIso11 CIs010 Selection of TIO1 pin input valid edge
0] 0 Falling edge
0 1 Rising edge
; 0 Both edges (when low-level width is measured)
Start trigger: Falling edge, Capture trigger: Rising edge
; ; Both edges (when high-level width is measured)
Start trigger: Rising edge, Capture trigger: Falling edge
Bit3-1
MD | MD | MD | MD | Setting of operation ) ) Count operation of
013 | 012 | 011 | o10 mode of channel 1 Corresponding function TCR
Interval timer/Square wave
0 0 0 1/0 |Interval timer mode output/Divider Down count
function/PWM output (master)
Input pulse interval
0 1 0 1/0 |Capture mode putp Up count
measurement
0 1 1 0 |Event counter mode External event counter Down count
; 0 0 00 lo Delay counter/One-shot pulse
0 ne-count mode output/PWM output (slave) Down count
1 1 0 0 Capture & one-count Measurement of high/low-level U o
mode width of input signal p cou
Other than above Setting prohibited

Note: Refer to “RL78/G10 User's Manual: Hardware” for the setup of the register.
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Setup of output value of timer output pin

-Timer output register 0 (TOO)
Sets the output value of timer output pin of each channel.

Symbol: TOO

7 6 5 4 3 2 1 0
0 0 0 0 TOO03we TO02ve TOO1 TOO00
X X X X X X 0 X

Note: 16-pin products only.

Bit0

TOO01

Timer output of channel 1

0

Timer output value is “0".

1

Timer output value is “1”.

Setup of disabling timer output

- Timer output enable register 0 (TOEOQ)
Sets enabling/disabling timer output of each channel.

Symbol: TOEO

7

6 5 4 3 2 1 0

0 0 0 TOEO3"°'® [ TOEO2V°' | TOEO1 TOEOO

0 0 0 X e 0 e

Note: 16-pin products only.

Bit0

TOEO1

Timer output enable/disable of channel 0

Stops TOO1 output (timer channel output) operation by count operation.

is able to be controlled by software.
The output level which is set to TOO1 bit is outputted from TOO1 pin.

The writing to TOO01 bits of TOO register is enabled, and the output level of TO01 pin

Enables operation of TO01 output (timer channel output) by count operation.
Disables writing to TO01 bit (writing is disregarded).

The output level of TOO01 pin is set/reset by count operation of a timer.

Note: Refer to “RL78/G10 User's Manual: Hardware” for the setup of the register.
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Setup of the timer capture completion interrupt

«Interrupt request flag register (IFOH)
Clears the interrupt request flag.

-Interrupt mask flag registers (MKOH)
Sets the interrupt mask.

Symbol: IFOL
7 6 5 4 3 2 1 0
KRIF ADIF TMIFO1
X X 0
Bit 0
TMIFO1 Interrupt request flag
0 No interrupt request signal is generated
1 Interrupt request is generated, interrupt request status
Symbol: MKOH
7 6 5 4 3 2 1 0
1 1 1 1 1 KRMK ADMK TMMKO1
1 1 1 1 1 X X 1
Bit 0
TMMKO1 Interrupt servicing control
Interrupt servicing enabled
1 Interrupt servicing disabled

Note: Refer to “RL78/G10 User's Manual: Hardware” for the setup of the register.

RO1AN3083EJ0101 Rev. 1.01 Page 21 of 47
Oct. 05, 2016 RENESAS



RL78/G10

Serial Array Unit (Baud Rate Correction) CC-RL

5.7.5 Main Processing

Figure 5.6 shows the flowchart of main processing.

-

main >

Vectored interrupt disabled

RXDO signal path change

Setup the number of captures

INTPO interrupt enabled

Enabling vectored interrupt

»
»

Enter to HALT mode

No
End of capture?

Yes

UARTO initialization
SINIUARTO

UARTO operation enabled
STARTUARTO

UARTO data transmission
STxDATAST

Wait for UARTO transmission end
STXWAIT

Disabling vectored interrupt

\4

Enter to HALT mode

Disables vectored interrupt in this stage.
IE bit — 0

Connects input from RxDO to INTPO and TI01.
ISC register — 00000011B

Sets the number of captures at TM01 to 5 times.
Variable Ipcount < 5

PIFO bit < 0: Clears the interrupt request
PMKO bit « 0: Interrupt enabled

Vectored interrupt enabled
IE bit « 1

Waits for the interruption in HALT mode.
(Start bit detection and a capture are processed by
interruption.)

Setup UARTO by calculated baud rate.

Enables UARTO operation.

Starts the transmission of data (055H) from UARTO.

Waits for the transmission end of UARTO.

Vectored interrupt Disabled
IE bit— 0

Baud rate correction operation is completed

Setup of RxDO signal path

Figure 5.6 Main Processing
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RL78/G10 Serial Array Unit (Baud Rate Correction) CC-RL

. Input Switch Control Register (ISC)
Connects RxDO input to INTPO and TIO1.

Symbol: ISC
7 6 5 4 3 2 1 0
0 0 0 0 ISC1 ISCO

0 0 0 0 0 0 1 1
Bit 1
ISC1 Switching channel 1 input of timer array unit

0 Uses the input signal of the TI01 pin as a timer input (normal operation).

1 Uses the input signal of the RxDO0 pin as a timer input

(measures the pulse width for baud rate correction).

Bit 0
ISCO Switching external interrupt (INTPO) input

0 Uses the input signal of the INTPO pin as an external interrupt (normal operation).

1 Uses the input signal of the RxDO pin as an external interrupt

(wakeup signal detection: start bit falling edge detection)

Note: Refer to “RL78/G10 User's Manual: Hardware” for the setup of the register.
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Setup of INTPO interrupt

. Interrupt request flag register (IFOL)
Clears interrupt request flag.

. Interrupt mask flag register (MKOL)
Releases interrupt mask.

Symbol: IFOL
7 6 5 4 3 2
STIFO
TMIFO0 TMIFO1H SREIFO SRIFO CSIIF00 PIF1 PIFO WDTIIF
IICIFO0
X X X X X X 0 X
Bit 1
PIFO Interrupt request flag
0 No interrupt request signal is generated
1 Interrupt request is generated, interrupt request status
Symbol: MKOL
7 6 5 4 3 2
STMKO
TMMKOO | TMMKO1H [ SREMKO SRMKO | CSIMKO00 PMK1 PMKO WDTIMK
IICMKO0
X X X X X X 0 X
Bit 1
PMKO Interrupt servicing control
0 Interrupt servicing enabled
1 Interrupt servicing disabled

Note: Refer to “RL78/G10 User's Manual: Hardware” for the setup of the register.
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5.7.6 INTPO Interrupt Processing
Figure 5.7 shows INTPO interrupt processing.

v D

| Variable capturel « 4+4: Setup the data for rounding off
Capture accumulated data initialization and capture correction value.

Variable captureh — 0: Clears upper digits.

TMO1 operation enabled TS0.1 bit « 1: TMO1 operation enabled.

INTTMO1 interrupt enabled TMIFO1 bit.<— 0 : INTTMO1 in.terrupt request clear
TMMKO1 bit < 0 : INTTMO1 interrupt enabled

INTPO interrupt disabled PMKO bit «— 1: INTPO interrupt disabled.

v

C O

Figure 5.7 NTPO Interrupt Processing

Setup of timer operation enabled

. Timer channel start register 0 (TS0)
Count operation of charnel 0 and 1 start setup

Symbol: TS0
7 6 5 4 3 2 1 0
0 0 0 0 TSO3Noe | TSQ2 Nete TSO01 TS00
0 0 0 0 X X 1 X
Note 16-pin products only.
Bit 1
TSO01 Operation enable (start) trigger of channel 1
0 No trigger operation

The TEO1 bit is set to 1 and the count operation becomes enabled.

The TCRO1 register count operation start in the count operation enabled state varies
1 depending on

each operation mode

Note: Refer to “RL78/G10 User's Manual: Hardware” for the setup of the register.
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5.7.7 Completion of INTTMO1 Capture Interrupt Processing
Figure 5.8 shows the completion of INTTMO1 capture interrupt processing.

C IINTTMO1 >

Save AX register Saves the contents of the AX register to a stack.

PUSH AX
No
Valid data?

If it is the first invalid data (Ipcount=5), do not integrate.

If overflow has occurred in the capture,
Upper 8 bits + 1 (INC captureh)

Count up upper digits

»
L

Reads the capture value.
X register < A register — TDRO1L register
A register < TDRO1H register

Read the capture value

Adds a capture value to an accumulated value.
Variable capturel«<— Variable capturel + AX register
< Variable captureh — Variable captureh + Carry

Integrate capture values

Count the number of times of capture

End of capture?

INTTMO1 interrupt disabled

Capture interrupt disabled . .
TMMKO1 bit < 1: Mask the interrupt

RXDO signal path change Disconnects INTPO and T101 from RxDO.
ISC reqister «— 00000000B

The counted value per bit is computed by dividing an
Calculate the bit length (count value) integrated value by 8.

AX register — AX register >> 3

AX register — AX register + (captureh << 5)

Initialize SPS setup value Initializes setup value to SPSO register.
Variable spsdata < 00H

A 4

A

Figure 5.8 Completion of INTTMO1 Capture Interrupt Processing (1/2)
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RL78/G10 Serial Array Unit (Baud Rate Correction) CC-RL

B |

No
AX register > 256 ?

Yes

The following is repeated until ‘SDR register setup value (AX) < 257.
Variable spsdata < Variable spsdata + 1
AX register «— AX register > 1

Count-up of SPS setup value

Divide AX register in half

) | In order to set to SDR register, subtracts 1.
AX register - 1 AX register < AX register — 1

In order to set to SDR register, clears LSB.
Clear LSB A register — X register & 111111108
Variable divdata « A register

€
<

Restores the value of AX register from a stack area.

Restore AX register POP AX

v

C O

Figure 5.8 Completion of INTTMO1 Capture Interrupt Processing (2/2)
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Serial Array Unit (Baud Rate Correction) CC-RL

5.7.8 Initialization of UARTO
Figure 5.9 shows the initialization of UARTO.

< SINIUARTO >

Clock supply to SAU

Serial clock selection

Stop operations of channel 0 and1

UARTO interrupt disabled

Channel 0 operation mode setup

Channel 1 operation mode setup

Channel 0 communication operation
setup

Channel 1 communication operation
setup

A\ 4

3

SAUOEN bit — 1: Starts clock supply

Sets up the division ration of prescaler according to a baud rate.
SPSO register < Variable spsdata

STO register < 00000011B: Stops operations of channel 0
and 1.

STMKO bit < 1: Disables transmission interrupt
SRMKO bit « 1: Disables receiving end interrupt
SREMKO bit < 1: Disables receiving error interrupt

SMROOH register «— 00H

SMROOL register < 22H

Operating clock : CKOO

Start trigger source : Software trigger
Operation mode : UART

Interrupt : Transfer end interrupt

SMRO1H register — 01H

SMRO1L register « 22H

Operating clock  : CK0O

Start trigger source: Valid edge of the RXDO pin
Detection edge : Falling edge

Operation mode : UART

Interrupt : Transfer end interrupt

SCROOH register «— 80H
SCROOL register «— 97H
Communication operation: Enables only transmission

Data length : 8 bits
Parity : No parity
Transfer sequence : LSB first
Stop bit : 1 bit
Clock, data phase s Type 1

SCRO1H register «— 40H
SCRO1L register — 97H
Communication operation: Enables only receiving.

Data length : 8 bits

Parity : No parity check
Transfer sequence : LSB first

Stop bit 1 bit

Error interrupt : Disable (INTSREOQ)
Clock, data phase : Type 1

Figure 5.9 Initialization of UARTO (1/2)
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RL78/G10 Serial Array Unit (Baud Rate Correction) CC-RL

’
Sets up upper 7 bits of SDR register according to a baud rate.
SDROOH register « Variable divdata

Transfer rate setup of channel 1 and 0 SDRO1H register « Variable divdata

] ] NFENO register — 01H
Noise filter setup (Noise filter of RxDO signal ON.)

Set up the output level as non-inverted

Enable channel 0 output

Clear of error flag

SOLO register < 00H (The output is not inverted.)

SOEQ.0 bit «— 1: TxDO0 output enabled

SIRO01 register «— 07H: Clears error flag.

P0.0 bit < 1: Sets up at the time of TxDO use.
Port setup PMO0.0 bit « 0: TxDO output setup

D

Figure 5.9 Initialization of UARTO (2/2)

Start of supplying clock to the SAU.
peripheral enable register 0 (PERO)

Clock supply

Symbol: PERO

7 6 5 4 3 2 1 0

TMKAEN [ CMPEN | ADCEN | IICAOEN 0 SAUOEN 0 TAUOEN
X 0 X X 0 1 0 X

Bit 2

SAUOEN |[Control of serial array unit 0 input clock supply

0 Stops supply of input clock

1 Input clock supply
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Serial clock selection.

=Serial clock select register 0 (SPS0)
Operation clock setup.

Symbol: SPS0

7 6 5 4 3 2 1 0
PRS013 PRS012 PRS011 PRS010 PRS003 PRS002 PRS001 PRS000

0/1 0/1 0/1 0/1
Bit3-0
Selection of operation clock (CKn) (n =0, 1)
PRS [PRS |PRS |PRS
on3 on2 oni ono fok = foik = fok = fewk = fok =
1.25MHz 2.5MHz 5MHz 10MHz 20MHz
1.25 MHz 2.5 MHz 5 MHz 10 MHz 20 MHz

0 0 0 1 fow/2 625 kHz 1.25 MHz 2.5 MHz 5 MHz 10 MHz
0 0 1 0 |fok/2? 313 kHz 625 kHz 1.25 MHz 2.5 MHz 5 MHz
0 0 1 1 fok/2® 156 kHz 313 kHz 625 kHz 1.25 MHz 2.5 MHz
0 1 0 0 [fo/2* 78 kHz 156 kHz 313 kHz 625kHz | 1.25MHz
0 1 0 1 |fe/2° 39 kHz 78 kHz 156 kHz 313 kHz 625 kHz
0 1 1 0 |fok/2® 19.5 kHz 39 kHz 78 kHz 156 kHz 313 kHz
0 1 1 1 fok/2” 9.8 kHz 19.5 kHz 39 kHz 78 kHz 156 kHz
1 0 0 0 |fok/28 4.9 kHz 9.8 kHz 19.5 kHz 39 kHz 78 kHz
1 0 0 1 fok/2° 2.5 kHz 4.9 kHz 9.8 kHz 19.5 kHz 39 kHz
1 0 1 0 |fek/2' 1.22 kHz 2.5 kHz 4.9 kHz 9.8 kHz 19.5 kHz
1 0 1 1 fok/2" 625 Hz 1.22 kHz 2.5 kHz 4.9 kHz 9.8 kHz
1 1 0 0 |[fok/2'? 313 Hz 625 Hz 1.22 kHz 2.5 kHz 4.9 kHz
1 1 0 1 fok/2™® 152 Hz 313 Hz 625 Hz 1.22 kHz 2.5 kHz
1 1 1 0 [fowk/2™ 78Hz 152 Hz 313 Hz 625 Hz 1.22 kHz
1 1 1 1 |fe/2"® 39Hz 78Hz 152 Hz 313 Hz 625 Hz

Note: Refer to “RL78/G10 User's Manual: Hardware” for the setup of the register.

Setup of the transmission channel operation mode.
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. Serial mode register 00 (SMROOH, SMROOL)
Interrupt source

operation mode

Selection of the transfer clock.

Selection of fMCK.

Symbol: SMROOH SMROOL
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
CKS | CCS STS MD [ MD | MD
0 0 0 0 0 0 0 1 0 0
00 00 00 002 | 001 | 000
0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0

Bit 7 (SMROOH)

CKS00 |[Selection of operation clock (fuck) of channel O
0 Prescaler operation clock CKOO set by the SPSO register.

1 Prescaler operation clock CKO1 set by the SPSO register.

Bit 6 (SMROOH)

CCS00 |[Selection of transfer clock (frcik) of channel O
0 Divided operation clock fuck specified by the CKSO0O bit.

1 Input clock from SCK pin.

Bit 0 (SMROOH)

STS00 |Selection of the start trigger source
0 Only software trigger is valid.
Valid edge of the RXDO pin (selected for UART reception)

Bit2 — 1 (SMROOL)

MD002 |[MDO001 |Setting of operation mode of channel 0
0 0 CSI mode
0 1 |UART mode
1 0 Simplified 12C mode
1 1 Setting prohibited

Bit 0 (SMROOL)

MDO000 |Selection of interrupt source of channel 0
0 Transfer end interrupt

1 Buffer empty interrupt

Note: Refer to “RL78/G10 User's Manual: Hardware” for the setup of the register.
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Setup of operation mode of receiving channel

. Serial mode register 01 (SMR0O1H, SMRO1L)
Interrupt source
operation mode
Selection of the transfer clock.
Selection of fuck.

Symbol: SMRO1H SMRO1L
7 6 5 4 3 2 1 0 6 1
CKS | CCs STS SIS MD | MD | MD
0 0 0 0 0
01 01 01 010 012 | 011 | 010
0 0 0 0 0 0 1 0 0 0 1 0

Bit 7 (SMRO1H)

CKS01

Selection of operation clock (fMCK) of channel 1

0

Prescaler operation clock CKOO set by the SPSO register.

1

Prescaler operation clock CKO1 set by the SPSO register.

Bit 6 (SMRO1H)

CCS01

Selection of transfer clock (TCLK) of channel 1.

0

Divided operation clock fMCK specified by the CKSO01 bit.

1

Input clock from the SCK pin.

Bit 0 (SMRO1H)

STS01 |Selection of the start trigger source
0 Only software trigger is valid.
1 Valid edge of the RXDO pin (selected for UART reception).

Bit 6 (SMRO1L)

S1S010

Level inversion control of receiving data of channel 1 in UART mode

0

Falling edge is detected as the start bit.

1

Rising edge is detected as the start bit.

Bit 2 — 1 (SMRO1L)

MDO012 |MDO011 |Setting of operation mode of channel 1
0 0 CSI mode
0

1

Simplified 12C mode

1

1 UART mode
0
1

Setting prohibited

Bit 0 (SMRO1L)

MDO010

Selection of interrupt source of channel 1

0

Transfer end interrupt.

1

Buffer empty interrupt

Note: Refer to “RL78/G10 User's Manual: Hardware” for the setup of the register.
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Setup of communication operation setting of transmission channel

. Serial communication operation setting register 00 (SCR0O0H, SCR0OO0L)

Data length setup, data transfer sequence, error interrupt signal mask enabled/disabled and operation mode.

Symbol: SCROOH

7 6 5 4 2 1 0
TXEQOO RXEOO DAPO0O CKPOO EOCO00 PTCO001 PTCO000

1 0 0 0 0 1 0
Bit7-6
TXEOO |RXEOO |[Setting of operation mode of channel 0

0 0 Disable communication

0 1 Reception only

1 0 |Transmission only

1 1 Transmission/reception
Bit 2
EOCO00 |Selection of masking of error interrupt signal (INTSREOQ)

Masks error interrupt INTSREO.

1 Enables generation of error interrupt INTSREX.

Bit1-0
Setting of parity bit in UART mode
PTC001 |PTCO000 — -
Transmission Reception

0 0 |Does not output the parity bit. Receives without parity.

0 1 Outputs 0 parity. No parity judgment.

1 0 Outputs even parity. Judged as even parity.

1 Outputs odd parity. Judges as odd parity.

Note: Refer to “RL78/G10 User's Manual: Hardware” for the setup of the register.
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Symbol: SCROOL

7 6 5 4 3 2 1 0
DIR0O 0 SLCO001 | SLCO000 0 1 1 DLS000
1 0 0 1 0 1 1 1

Bit 7

DIROO Selection of data transfer sequence in CSl and UART modes
0 Inputs/outputs data with MSB first.
1 Inputs/outputs data with LSB first.

Bit5-4
SLCO01 |SLCO00 [Setting of stop bit in UART mode
0 0 No stop bit
0 1 |Stop bit length = 1 bit
1 0 Stop bit length = 2 bits
1 1 Setting prohibited
Bit1-0
DLS000 Setting of data length in CSI mode
0 7-bit data length
8-bit data length

Note: Refer to “RL78/G10 User's Manual: Hardware” for the setup of the register.
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Communication operation setting of receiving channel

. Serial communication operation register 01(SCR01H, SCR0O1L)
Data length setup, data transfer sequence, error interrupt signal mask enabled/disabled and operation mode.

Symbol: SCRO1H

7 6 5 4 3 2 1 0
TXEO1 RXEO1 DAPO1 CKPO1 0 EOCO1 PTCO11 PTC010
0 1 0 0 0 0 0 0
Bit7-6
TXEO1 |[RXEO1 |Setting of operation mode of channel 1
0 0 Disable communication.
0 1 |Reception only
1 0 Transmission only
1 1 Transmission/reception
In the case of UART reception, after setting “1” to RXEOQ1 bit of SCRO1 register, leaves the 4-clock or more interval of fycx and sets up
SS01=1.
Bit 2

EOCO01 |Selection of masking of error interrupt signal (INTSREO).
0 Masks error interrupt INTSREO.

1 Enables generation of error interrupt INTSREO.
Bit1-0
Setting of parity bit in UART mode
PTCO11 |PTCO10 — -
Transmission Reception
0 0 Does not output the parity bit. Receives without parity.
0 1 Outputs 0 parity. No parity judgment.
1 0 Outputs even parity. Judged as even parity.
1 1 Outputs odd parity. Judges as odd parity.

Note: Refer to “RL78/G10 User's Manual: Hardware” for the setup of the register.
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Symbol: SCRO1

7 6 5 4 2 0
DIR0O1 0 SLCO11 SLCO010 0 1 DLS010
1 0 0 1 0 1 1
Bit 7
DIRO1 |Selection of data transfer sequence in CSl and UART modes
0 Inputs/outputs data with MSB first.
1 Inputs/outputs data with LSB first.
Bit5-4
SLCO11 |SLCO010 [Setting of stop bit in UART mode
0 0 No stop bit
0 1 |Stop bit length = 1 bit
1 0 Stop bit length = 2 bits
1 1 Setting prohibited
Bit 0
DLS010 Setting of data length in CSI mode
0 7-bit data length
1 8-bit data length

Note: Refer to “RL78/G10 User's Manual: Hardware” for the setup of the register.
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Setup of transmission channel transfer clock

. Serial data register 00 (SDR0OOH)
Transfer clock frequency: Undefined

Symbol: SDROOH

7 6 5 4 3 2 1 0
[orx]on]onfom]on|onfon] o |

Bit 7 - 1

SDROOH[7:1] Transfer clock setting by dividing the operating clock (fuck)
0 0 0 0 0 0 0 fuck /2
0 0 0 0 0 0 1 fuck 14
0 0 0 0 0 1 0 fuck /6
olojo ool 1] 1 fuok /8
1 1 1 1 1 1 0 fuck 1254
1 1] 1 1] 1 1] 1 fyick /256
Setup of receiving transfer clock

. Serial data register On (SDROnH)

Transfer clock frequency: Undefined

Symbol: SDRO1H

7 6 5 4 3 2 1 0
[or]on]on|omnfonfonfon] o

Bit 7 - 1

SDRO1H[7:1] Transfer clock setting by dividing the operating clock (fuck)
0 0 0 0 0 0 0 fuek /2
0 0 0 0 0 0 1 fuck /4
0 0 0 0 0 1 0 fuck /6
0 0 0 0 0 1 1 fuck /8

1 1 1 1 1 1 0 fuck 1254
1 1 1 1 1 1 1 fuck /256

Note: Refer to “RL78/G10 User's Manual: Hardware” for the setup of the register.
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Setup of output level
=Serial output level register 0 (SOLO)

Output: Non-inversion
Symbol: SOLO
7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 SOL00
0 0
Bit0
SOL00 [Selects inversion of the level of the transmit data of channel 0 in UART mode

Communication data is output as is.

Setup of initial output level

- Serial output register 0 (SO0)
Initial output: 1

Symbol: SO0
7 6 5 4 3 2 1 0
0 0 0 0 SO01 SO00
0 0 X 1
Bit0
SO00 |Serial data output of channel O
0
1 Serial data output valueis “1”.

Data output enabling of target channel

=Serial output enable register 0 (SOE0/SOEQL)
Output is enabled.

Symbol: SOEOQ
7 6 5 4 3 2 1 0
0 0 0 0 0 0 SOEO01 SOEO00
0 0 0 0 0 0 X 1
Bit0
SOEO0 Serial output enable or stop of channel 0
0
1 Enables output by serial communication operation.

Note: Refer to “RL78/G10 User's Manual: Hardware” for the setup of the register.
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Noise filter enabled

. Noise filter enable register 0 (NFENO)
Noise filter of RxDO pin on.

Symbol: NFENO

7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 SNFENOO
0 0 0 0 0 0 0 1

Bit0

SNFENOO Use of noise filter of RxDO pin (RxDO0/P01)
0 Noise filter OFF
1 Noise filter ON

Clear of error flag

. Serial flag clear trigger register 01 (SIR01)
Clear of error flag.

Symbol: SIR01
7 6 5 4 3 2 1 0
0 0 0 FECTO01 | PECTO1 | OVCTO1
0 0 0 0 0 1 1 1
Bit 2

FECTO1 Clear trigger of framing error of channel 1

0 Not cleared
1 Clears the FEFO1 bit of the SSRO01 register to 0.

Bit 1

PECTO1 Clear trigger of parity error flag of channel 1

0 Not cleared
1 Clears the PEFO1 bit of the SSRO1 register to 0.

Bit 0

OVCTO01 Clear trigger of overrun error flag of channel 1

0 Not cleared
1 Clears the OVFO1 bit of the SSRO01 register to 0.

Note: Refer to “RL78/G10 User's Manual: Hardware” for the setup of the register.
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5.7.9 Enabling UARTO Operation
Figure 5.10 shows the enabling UARTO operation.

( STARTUARTO >
Enables operation of channel 0 and 1, and suspends the

I communication.

Enables operatioq of channel 0 and SSO0 register < 00000011B : operation enabled

Clears UARTO interrupt request, and releases interrupt
mask.

Enables UARTO interrupt SRIFO bit « 0: Clears the reception end interrupt.
STIFO bit — 0: Clears the transfer end interrupt.
SRMKO bit — 0: Reception end interrupt enabled.
STMKO bit — 0: Transfer end interrupt enabled.

Initializes receiving status Variable rxstatus «— 80H: Receiver busy condition

= D

Figure 5.9 Enabling UARTO Operation

Entering the communication wait status

=Serial channel start register 0 (SS0)
Starts the operation.

Symbol: SS0
7 6 5 4 3 2 1 0
SS01 | SS00
1 1
Bit1-0

SSOn |Sets the SEOn bit to 1 to suspend communication.

0 No trigger operation

1 [sets the SEON bit to 1 to suspend communication.

Note: In the case of UART reception, after setting “1” to RXEO01 bit of SCROL1 register, leaves the 4-clock or
more interval of fyck and sets up SS01 = 1.
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5.7.10 UARTO Operation Disabled
Figure 5.11 shows the UARTO operation disabled processing.

( STOPUARTO >

| Masks UARTO interrupt.
UARTO interrupt disabled SRMKO bit < 1: Receiving end interrupt disabled.
STMKO bit < 1: Transfer edn interrupt disabled.

Stops the operation of channel 0 and 1 Stops the operation of channel 0 and 1.

Clears UARTO interrupt request.
Clears UARTO interrupt request SRIFO bit < 0: Clears receiving end interrupt.

STIFO bit — 0: Clears transfer end interrupt.

Figure 5.11 UARTO Operation Disabled

Release communication suspended state

. Serial channel stop register 0 (STO)
Stops UARTO operation.

Symbol: STO
7 6 5 4 3 2 1 0
0 0 0 0 0 0 STO1 | STOO
0 0 0 0 0 0 1 1
Bit1-0
STOn |Operation stop trigger of channel n.
0
1 |Clears the SEOn bit to 0 and stops the communication operation.

Note: Followings keep the state; the value of control register and shift register, the pin of SCKOn and
SOO0n, and the flag of FEFOn, PEFOn, and OVFOn.
Note: Refer to “RL78/G10 User's Manual: Hardware” for the setup of the register.
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5.7.11 1 Character Transmission Start Processing
Figure 5.12 shows the 1 character transmission start processing.

( STXDATAST >

Save transmission data Saves transmission data into a stack area.
PUSH AX

»

Checks BFFO0O bit, and waits for that writing to TxDO

No register is enabled.

A buffer has space?

Restore transmission data Transmission data is returned from a stack.
POP AX
Set transmission data to UARTO Starts the transmission by setting transmission data in

TxDO register.
TxDO register — A register

Sets the transmission status as in transmission.

Set the flag of in transmission Bit 7 of variable bstatus < 1

= D

Figure 5.12 1 Character Transmission Start Processing

Transmission state check
. Serial status register 00 (SSR00)

Checks transmission buffer state.

Symbol: SSR00

7 6 5 4 3 2 1 0
TSF00 BFFO0 0 0 FEFO00 PEF00 OVF00
X 0/1 0 0 X X X

Bit5

BFFOO |Buffer register status indication flag of channel 0
0 Valid data is not stored in the SDROOL register.
1 Valid data is stored in the SDROOL register.

Note: Refer to “RL78/G10 User's Manual: Hardware” for the setup of the register.
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5.7.12 1 Character Transmission/Wait for the End of Transmission Processing
Figure 5.13 shows the 1 character transmission/wait for the end of transmission processing.

< STxDATA >

Start 1 character Writes transmission data into TxDO register and starts the
transmission transmission.
|
< STXWAIT >

»

Checks whether transmission status is 00H (the end of
Check the transmission status transmission).

CMPO txstatus
The status is end?

Yes

=

Figure 5.13 1 Character Transmission/Wait for the End of Transmission Processing

Waits for that the transmission status becomes 00H (the
end of transmission).
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5.7.13 1 Character Receiving Processing
Figure 5.14 shows the 1 character receiving processing.

( SRXDATA >

Ll

Checks the receiving status Checks whether the receiving status (rxstatus) is ready
(0QH).
CMPO rxstatus

No

iy > Waits for that the receiving status becomes ready.
eceiving end?

Receiving end interrupt disabled Disables the receiving end interrupt for exclusive control.
| SRMKO bit < 1: Sets the interrupt mask.

Reads receiving data Reads received data.
9 A register « Variable rxdatabuf

— Sets the receiving status to busy.
Changes receiving status Variable rxstatus — 100000008

Receiving end interrupt enabled Completes the exclusive control, and enables the receiving

end interrupt.
C D

SRMKO bit— 0: Releases interrupt mask.
Figure 5.14 1 Character Receiving Processing
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5.7.14 Receiving End Interrupt Processing
Figure 5.15 shows the receiving end interrupt processing.

( INTSRO >

| Saves data of AX register to the stack area.

Saves contents of AX register PUSH AX
Reads SSRO01 register Reads the serial status register.
A register < SSRO01 register

No

Status is error? Checks the receiving status, and checks whether a buffer
has data.

CMPO rxstatus

Yes SKNz
Sets overrun Sets the overrun bit.
SET1 A0

Updates the receiving status.

Sets the receiving status Variable rxstatus «— A register & 00000111B

- Reads the data which is received by UARTO.
Reads received data A register — RxDO register

No
Normal receiving? When the data is received normally, stores received data
into a buffer area.

Variable rxdatabuf « AX register

Saves received data

Restores the content of AX register

=

Restores the data of AX register from the stack area.
POP AX

Figure 5.15 Receiving End Interrupt Processing

Note: Refer to “RL78/G10 User's Manual: Hardware” for the setup of the register.
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5.7.15 Transfer End Interrupt Processing
Figure 5.16 shows the transfer end interrupt processing.

[INTSTO

Sets up the transmission status to 00H (complete of
transmission).
CLRB txstatus

Setup transmission status

=

Figure 5.16 Transfer End Interrupt Processing
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6. Sample Code

The sample code is available on the Renesas Electronics Website.

7. Documents for Reference

RL78/G10 User's Manual: Hardware (RO1UHO0384E)
RL78 Family User's Manual: Software (RO1US0015E)
(The latest versions of the documents are available on the Renesas Electronics Website.)

Technical Updates/Technical Brochures

(The latest versions of the documents are available on 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 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 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 LS| 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 LSl 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 an MPU or MCU 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 i ictor products and ication 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 information included in this document, 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 equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic
equipment; and industrial robots etc.

"High Quality": Transportation equipment (automobiles, 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 Electronics products described in this document 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 characteristics such as the occurrence of failure at a certain rate and
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
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,
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 compliance with all applicable laws and regulations 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.

o

It is 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
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 information contained in this document 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.
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