RENESANS APPLICATION NOTE
RL78/11D A o0

Dec. 01, 2015

Low Power Consuming Intermittent Operation of ADC Using DTC

Abstract

This application note explains low power consuming intermittent operation of ADC using DTC.

Target Device
RL78/I11D

When using this application note with other Renesas MCUSs, careful evaluation is recommended after making
modifications to comply with the alternate MCU.
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RL78/11D Low Power Consuming Intermittent Operation of ADC Using DTC

1. Specifications

This application note explains A/D conversion using the DTC and the A/D converter controlled by low power
consuming operation, especially the STOP mode and SNOOZE mode.

The 8-bit interval timer (hereinafter referred to as 8-bit IT) is used to count periods of A/D conversion, P57 is applied
to control the power supply (ON/OFF) of sensors, ELC is used to turn on OPAMP, the 12-bit interval timer (hereinafter
called 12-bit IT) is used to count the stabilization wait time after the sensor is powered ON and DOC is used to judged
of end of processing.

The A/D converter operates in the hardware trigger wait mode using the SNOOZE mode. As the hardware trigger,
interrupts (INTIT) of the 12-bit interval timer are set.

The DTC uses two types of interrupts as activation factor; underflow interrupt of the 8-bit interval timer and A/D
conversion end interrupt. The 8-bit interval timer underflow interrupt causes data transfer to the P5 register to start
power supply to sensors, and transfers data to the ITMC register by chain transfer to start count of the 12-bit interval
timer. The A/D conversion end interrupt transfers the ADCR register value to RAM, stops providing power supply to
sensors by data transfer to the P5 register, transfers A/D conversion result to the DOC and judges the threshold value
by the DOC. If above threshold value, releasing the STOP mode.

Table 1.1 shows peripheral functions used and their applications. Figure 1.1 shows an overview of operation. Figure
1.2 and Figure 1.3 illustrate the time charts.

Table 1.1 Peripheral Functions Used and Their Applications

Peripheral function Application
P137 -Starts processing
8-bit interval timer - Counts periods of A/D conversion
- Functions as operational amplifier operation start trigger
DTC Executes the following operations by 8-bit interval timer interrupts

- Sets high output to P57 (starts power supply to sensors)
- Starts count of the 12-bit interval timer (sensor stabilization wait time)
Executes the following operations by A/D conversion end interrupts
- Stores the A/D conversion result to RAM
- Sets low output to P57 (stops power supply to sensors)
- Sets the AWC bit again when the SNOOZE mode is shifted to STOP
mode

- Stops the 12-bit interval timer count
- Transfers A/D conversion result to the DOC ( for determine releasing the

STOP mode )

P57 Controls sensor power supply (ON/OFF)

12-bit interval timer Counts the stabilization wait time of sensors

ADC Converts analog signal input levels of P17/ANI7 pins

Operational amplifiers Amplify the analog input signal

(AMPO,1)

Data operation circuit Determines to release the STOP mode

(DOC) (releases the STOP mode by interrupts in DOC data addition mode)
RO1AN2231EJ0100 Rev. 1.00 Page 3 of 116

Dec. 01, 2015 RENESAS



RL78/11D

Low Power Consuming Intermittent Operation of ADC Using DTC

Sub clock
8-bit IT

1. Interrupt

3. P57: High (Switch ON)

9. P57: Low (Switch OFF) ELC

2. AMPO, 1 enabl
8. RAM «— AD i

conversion result

6.Interrupt 7. AMPO, 1 disable

13. “AWC = 0" transfer
—>14. “AWC =1"_transfer

Sub clock

12-bitIT

5. ADC Trigger
(Snooze) 15. DOC addition

11. “DODIR « AD conv. result” transf interrupt
— 12."DODSR — Initial value (offset Normal
value)” transfer operation mode

VCC
Tout
10 pin "
Switch
Analog l
input
Sensor
l GND

1 Lo :
;ﬁ DTC activation factor interrupt
1

=3 DTC by 8-bit IT interrupt

1

|3 DTC by AD conversion interrupt
i

Figure 1.1 Overview of Low Power Consuming Intermittent Operation of ADC Using DTC

Note

1. In the above figure, when a low level is input, the switch is turned OFF (power supply to the sensor stops), and
when a high level is input, the switch is turned ON (power supply to the sensor starts).
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Figure 1.2 Time Chart of Low Power Consuming Intermittent Operation of ADC Using DTC
(STOP Mode Continued)
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RL78/11D Low Power Consuming Intermittent Operation of ADC Using DTC

1. Initial setting of the peripheral functions to be used is performed and count of the 8-bit interval timer is started.
2. When a low level is detected from P137, the CPU enters the STOP mode.

3. The operational amplifiers AMPO and 1 are activated by an underflow interrupt of the 8-bit interval timer as trigger.
At the same time, the DTC is activated and by transferring data to the P5 register, P57 is set to high output. By chain-
transferring data to the ITMC register, count of the 12-bit interval timer is started.

4. The 12-bit interval timer interrupt (hardware trigger of the A/D converter) starts A/D conversion in the SNOOZE
mode.

5. An A/D conversion end interrupt activates the DTC, and by transfers data to the P5 register and P57 is set to low
output. By chain transfers, the 12-bit interval timer is set to be stopped. In addition, by transferring the A/D conversion
result to the DOC and the AWC bit is set again.

6. When the DOC operation result is not larger than “FFFFH” upon the threshold value determination, a data operation
circuit interrupt is not generated, and the mode is switched from the SNOOZE mode to the STOP mode.

After that, the procedures 3 to 6 are repeated.
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Figure 1.3 Time Chart of Low Power Consuming Intermittent Operation of ADC Using DTC
(STOP Mode Released)
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1. Initial setting of the peripheral functions to be used is performed and count of the 8-bit interval timer is started.
2. When a low level is detected from P137, the CPU enters the STOP mode.

3. The operational amplifiers AMPO and 1 are activated by an underflow interrupt of the 8-bit interval timer as trigger.

At the same time, the DTC is activated, and by transferring data to the P5 register, P57 is set to high output. By chain-
transferring data to the ITMC register, count of the 12-bit interval timer is started.

4. The 12-bit interval timer interrupt (hardware trigger of the A/D converter) starts the A/D conversion in the SNOOZE

mode.

5. An A/D conversion end interrupt activates the DTC, and by transfers data to the P5 register and P57 is set to low

output. By chain transfers, the 12-bit interval timer is set to be stopped. In addition, by transferring the AD conversion
result to the DOC, and the AWC bit is set again.

6. When the DOC operation result is larger than “FFFFH” upon the threshold value determination, a data operation

circuit interrupt is generated.And the mode is switched from the SNOOZE mode to normal mode.
Peripheral functions used for data operation circuit interrupt servicing are reset.

After that, the procedures 2 to 6 are repeated.

2.

Operation Confirmation Conditions

The sample code accompanying this application note has been run and confirmed under the conditions below.

Table 2.1 Operation Confirmation Conditions

Item Description
Microcontroller used RL78/I11D (R5F117GCG)
Operating frequency ® High-speed on-chip oscillator clock: 24 MHz

® CPU/peripheral hardware clock: 24 MHz
® Subsystem clock: 32.768 KHz

Operating voltage 3.3 V (operation possible from 1.6 to 3.6 V)

LVD operation (VLVI): Reset mode
(2.81 V at the rising edge or 2.75 V at the falling edge)

Integrated development Renesas Electronics’ CubeSuite+ V3.01.00
environment (CubeSuite+)
C compiler (CubeSuite+) Renesas Electronics’ CA78KOR V1.71
Board used RL78/11D CPU board (RTE5117GCOTGB00000R)
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3. Related Application Notes

The application notes related to this document are shown below. Please refer to them as well.

RL78/G13 Initialization (RO1LANO451E) Application Note

RL78/G13 A/D Converter (ROLANO0452E) Application Note

RL78/G14 How to Use the DTC for the RL78/G14 (ROLANO861E) Application Note

RL78/G14 Transferring A/D Conversion Result Using the DTC (ROLANO0863E) Application Note
RL78/G13 A/D Converter (SNOOZE Mode) (RO1IAN1464EJ0100) Application Note

RO1AN2231EJ0100 Rev. 1.00 Page 9 of 116
Dec. 01, 2015 RENESAS



RL78/11D

Low Power Consuming Intermittent Operation of ADC Using DTC

4. Hardware

41

Hardware Example

Figure 4.1 shows hardware configuration used in this application note.

Vob
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L

Vbp
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REGC

Vss

RESET

RL78/I1D

P57

P12/AMPO+

P13/AMPO-
P14/AMPOO
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P17/AMP10
P40/TOOLO

¢

Control power supply of sensors

VvCC

VCC/2

Measurement target analog
input signal

A 4

Switch

\ 4

A

B

< For on-chip debug

Sensor

l

Notes

Figure 4.1 Hardware Configuration Example

1. The above figure is simplified to show an overview of the hardware connection. When designing application
circuits, make sure to handle unused pins appropriately to satisfy the electrical characteristics (connect input only
ports independently to either VDD or Vss via resistors).

2. Make sure to set VDD greater than the reset release voltage (Vivi) specified by the LVD.
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RL78/11D Low Power Consuming Intermittent Operation of ADC Using DTC
4.2 Pins Used

Table 4.1 lists the pins used and their functions.

Table 4.1 Pins Used and Their Functions

Pin name I/0 Function
P57 Output Sensor power supply control
High: sensor power supply ON
Low: sensor power supply OFF
P137 Input Switch input port (processing start)
P12/AMPO+ Input Operational amplifier 0 (+side) input
P13/AMPO- Input Operational amplifier O (-side) input
P14/AMP0OO Input Operational amplifier 0 output
P15/AMP1+ Input Operational amplifier 1 (+side) input
P16/AMP1- Input Operational amplifier 1 (-side) input
P17/AMP10 (ANI7) Input Operational amplifier 1 output, A/D converter analog input port
RO1AN2231EJ0100 Rev. 1.00 Page 11 of 116
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5. Software
5.1 Operation Overview

In this application note, A/D conversion is performed by using the DTC and the A/D converter controlled by low
power consuming operation, especially the STOP mode and SNOOZE mode.

The 8-bit interval timer is used as activation trigger of the operational amplifier 1 and 0. It is also used to count periods
of A/D conversion. P57 is applied to control the power supply (ON/OFF) of sensors. The 12-bit interval timer is used to
count the stabilization wait time after the sensor power ON.

The A/D converter operates in the hardware trigger wait mode using the SNOOZE mode. As the hardware trigger,
interrupts of the 12-bit interval timer (INTIT) are set.

The DTC uses two types of interrupts as activation factor; underflow interrupt of the 8-bit interval timer and A/D
conversion end interrupt. The 8-bit interval timer underflow interrupt activates the operational amplifiers 0 and 1. At the
same time, it causes data transfer to the P5 register by the DTC to start power supply to sensors, and transfers data to the
ITMC register by chain transfer to start count of the 12-bit interval timer. The A/D conversion end interrupt stops the
operational amplifier 0 and 1. Simultaneously, the conversion result is transferred to RAM by the DTC, and data is
transferred to the P5 register by chain transfer to stop providing power supply to sensors. In addition, the 12-bit interval
timer is stopped, the threshold value is determined by transferring AD conversion result to the DOC, and the AWC bit
is reset.

The specific procedures are described below (1) to (20).

(1) Perform initial setting of the ports.
<Setting condition>

®  Set P57 to low output and turn the sensor power supply OFF.

(2) Perform initial setting of the CPU.
<Setting conditions>
®  Select the high-speed on-chip oscillator as the main system clock.

®  Select the XT1 oscillator as the subsystem clock.

(38) Perform initial setting of the 12-bit interval timer.
<Setting condition>

® Set the interval time to 125 ms.

(4) Perform initial setting of the 8-bit interval timer.
<Setting conditions>
®  Set the operation mode of the 8-bit interval timer to timer mode.

®  Set the timer value to 1000 ms.

RO1AN2231EJ0100 Rev. 1.00 Page 12 of 116
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(5) Perform initial setting of the A/D converter.
<Setting conditions>
Set the select mode in A/D conversion channel selection.
Set the one-shot conversion mode as A/D conversion operation mode.
Set the hardware trigger wait mode as A/D conversion start condition.

Set the 12-bit interval timer interrupt signal (INTIT) as hardware trigger signal.

Set P17/ANI7 pins to analog input.

(6) Perform initial setting of the operational amplifiers.
<Setting conditions>

Set P12 to P17 to the analog mode.

Set P12 to P17 to “input’.

Enable wait for ELC.

Set to the high-speed mode for operation mode.

Select the ELC and A/D trigger mode for operational amplifier activation/stop trigger.

Set the operational amplifier ELC trigger 0 as activation trigger of the operational amplifier units 0 and 1.

RO1AN2231EJ0100 Rev. 1.00 Page 13 of 116
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(7)  Perform initial setting of the DTC.

<Setting conditions>
®  Setting of DTCTO (Transferring data at address OxFFDOO to the P5 register)

Set the transfer source address: 0xFDOO.

Set the transfer destination address: OXxFFO5 (P5).

Select the 8-bit data size.

Enable chain transfers (DTCT1).

Set the 8-bit interval timer underflow as activation factor.
Set the number of DTC data transfers to once.

Set the repeat mode.

®  Setting of DTCT1 (Transferring data at address OxFFDO04 to the ITMC register)

Set the transfer source address: OxFDO4.

Set the transfer destination address: OXFFO0(ITMC).
Select the 16-bit data size.

Disable chain transfers.

Set the number of DTC data transfers to once.

®  Setting of DTCT2 (Transferring data of the ADCR register to the address OxFFCOQ)

Set the transfer source address: OXFFLE(ADCR).
Set the transfer destination address: 0xFCOO.
Select the 16-bit data size.

Enable chain transfers (DTCT3).

Set the A/D conversion end as activation factor.
Set the number of DTC data transfers to 4 times.

Set the repeat mode.

®  Setting of DTCT3 (Transferring data at address OxFFDO02 to the P5 register)

Set the transfer source address: OxFDO2.

Set the transfer destination address: OXFFO5(P5).
Select the 8-bit data size.

Enable chain transfers (DTCT4).

Set the number of DTC data transfers to 4 times.

®  Setting of DTCT4 (Transferring data at address OxFFDO06 to the ITMC register)

Set the transfer source address: 0xFDO6.

Set the transfer destination address: OXFFO0(ITMC).
Select the 16-bit data size.

Enable chain transfers (DTCT5).

Set the number of DTC data transfers to 4 times.

RO1AN2231EJ0100 Rev. 1.00
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®  Setting of DTCTS5 (Transferring data of the ADCR register to the DODIR register)
B Set the transfer source address: OXFF1E(ADCR).
B Set the transfer destination address: 0x0512(DODIR).
B Select the 16-bit data size.
B Enable chain transfers (DTCT6).
B Set the number of DTC data transfers to 4 times.
®  Setting of DTCT6 (Transferring data at address OXFFDOC to the DODSR register)
B Set the transfer source address: 0xFDOC.
B Set the transfer destination address: 0x0514(DODSR).
B Select the 16-bit data size.
B Enable chain transfers (DTCT7).
B Set the number of DTC data transfers to 4 times.
®  Setting of DTCT7 (Transferring data at address OxFFDO08 to the ADM2 register)
B Set the transfer source address: 0XFDO08.
B Set the transfer destination address: 0x0010(ADM2).
B Select the 8-bit data size.
B Enable chain transfers (DTCTS8).
B Set the number of DTC data transfers to 4 times.
®  Setting of DTCTS8 (Transferring data at address OXFFDOA to the ADM2 register)

B Set the transfer source address: OXFDOA.

B Set the transfer destination address: 0x0010(ADM2).
B Select the 8-bit data size.
B Disable chain transfers.
B Set the number of DTC data transfers to 4 times.
R0O1AN2231EJ0100 Rev. 1.00 Page 15 of 116

Dec. 01, 2015 RENESAS
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(8) Perform initial setting of the ELC.
<Setting condition>

®  Set the peripheral function to link in ELSELR10 (channel 00 of the 8-bit interval timer) to the operational
amplifier O (the operational amplifier ELC trigger 0).

(9) Perform initial setting of the DOC.
<Setting conditions>

®  Set the threshold value to determine the transition to the normal operation mode to the DODSR register as initial
value.

Enable the data operation circuit interrupt.

Set to the data addition mode.

RO1AN2231EJ0100 Rev. 1.00 Page 16 of 116
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(10) Perform initial setting for main processing.

<Setting conditions>
Set the variable g_dtc_gpio_p57_on to “Ox 80” (P57 = High).
Set the variable g_dtc_gpio_p57_off to “0x00” (P57 = Low).
Set the variable g_dtc _it_start to the OR of the ITMC register (count value) and “0x8000U” (activation

(11)

enabled).

Set the variable g_dtc_it_stop to “0x0000U” (operation stopped).

Set the variable g_dtc_adc_awc_clear to “0x00U” (AWC bit = 0).

Set the variable g_dtc_adc_awc_set to “0x04U” (AWC bit =1).

Set the variable g_dtc_doc_dodsr_value to the initial setting value of the DODSR register.

Set the variable g_dtc_adc_adinput[0] to [3] to “0x0000".

Executes the following operations when a low level is detected from P137.

(12) Activate the DTC.

<Setting conditions>

®  Set the DTCEN16 bit in the DTCENL register to “1” (Activation enabled).
®  Set the DTCEN26 bit in the DTCENZ2 register to “1” (Activation enabled).

(13) Set the A/D converter to SNOOZE mode in order to set the A/D conversion wait status.

®  Set the ADCE bit in the ADMO register to “1” (Enable A/D voltage comparator operation) to wait for A/D

®  Set the AWC bit in the ADM2 register to “1” (The SNOOZE mode function is used.).

(14) Set the operational amplifier units 0 and 1 to enable to wait for the ELC.

conversion.

<Setting condition>

®  Set the bits AMPEO and AMPEL in the AMPC register to “1” (Wait for ELC is enabled).

(15) Start the 8-bit interval timer count.

<Setting condition>

®  Set the TSTARTOO bit in the TRTCRO register to “1” (Count starts).

(16) The CPU shifts to the STOP mode.

RO1AN2231EJ0100 Rev. 1.00
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(17) An 8-bit interval timer underflow interrupt is generated and the ELC activates the operational amplifiers 0 and 1.
At the same time, the DTC is activated and starts data transfers. Chain transfer is enabled here, and the DTC
performs the following two transfers.

The DTC transfers the data at address OXFFDOO (1 byte) to address OxFFFO5 (in the P5 register).
The DTC transfers the data at address 0xFFDO04 (2 bytes) to address OxFFF90 (in the ITMC register).

(18) A 12-bit interval timer interrupt is generated and A/D conversion is started in the SNOOZE mode.

(19) An A/D conversion end interrupt is generated and the operational amplifiers 0 and 1 stop. At the same time, the
DTC is activated and starts data transfers. Chain transfer is enabled here, and the DTC performs the following seven
transfers.

The DTC transfers the data at address OxFFF1E (in the ADCR register) (2 bytes) to address OxFFCOO.
The DTC transfers the data at address OXFFDO2 (1 byte) to address OxFFFO5 (in the P5 register).
The DTC transfers the data at address OxFFDO6 (2 bytes) to address OxFFF90 (in the ITMC register).

The DTC transfers the data at address OxFFF1E (in the ADCR register) (2 bytes) to address 0xF0512 (in the
DODIR register).

The DTC transfers the data at address OXFFDOC (2 bytes) to address 0xF0514 (in the DODSR register).
The DTC transfers the data at address 0xFFDO8 (1 byte) to address 0xF0010 (in the ADM2 register).
The DTC transfers the data at address OXFFDOA (1 byte) to address 0xF0010 (in the ADM2 register).

(20) In case that an overflow occurs in the result of addition with the DODSR register when the data is transferred to the
DODIR register, the operation mode returns to the normal operation mode and the procedure goes back to (11) after
a data operation circuit interrupt is generated.
Without the overflow, the operation mode returns to the STOP mode and the procedure goes back to (16) after the
DTC transfers the data.

Note

1. For notes on using devices, refer to the RL78/11D User’s Manual: Hardware.
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5.2 Option Byte Settings
Table 5.1 lists the option byte settings.

Table 5.1 Option Byte Settings

Address Setting value Contents
000COH/010COH 11101111B Stops the watchdog timer
(Counting is stopped when a reset is released.)
000C1H/010C1H 01110111B Sets the LVD in reset mode
Detection voltage: 3.02 V at the rising edge, 2.96 V at the falling edge
000C2H/010C2H 11100000B Sets the HOCO clock to 24 MHz in HS mode.
000C3H/010C3H 10000100B Enables on-chip debugging
Erases data of flash memory in case of failures in authenticating on-
chip debug security ID.

53 Constant

Table 5.2 lists the constant used in the sample code.

Table 5.2 Constant Used in the Sample Code

Constant name

Setting value

Content

R_DOC_OFFSET

O0xF482

Initial setting value of the data operation circuit
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54 Variables
Table 5.3 lists the global variables.

Table 5.3 Global Variables

(Data operation circuit offset value)

Type Variable Name Contents Function Used
uint8_t g_dtc_gpio_p57_on Setting value of P57 (High) main ()
uint8_t g_dtc_gpio_p57_off Setting value of P57 (Low) main ()
uint16_t g_dtc it_start Enables activation of the 12-bit interval main ()
timer

uint16_t g_dtc_it_stop Stops operation of the 12-bit interval timer main ()

uint8 _t g_dtc_adc_awc_clear Setting value to release the SNOOZE mode | main ()
function

uint8_t g_dtc_adc_awc_set Setting value to use the SNOOZE mode main ()
function

uint16_t g_dtc_doc_dodsr_value | Threshold value to transit to normal mode main ()

uint16_t g_dtc_adc_adinput[5]

Result value of A/D conversion end

R_MAIN_Userlnit()
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55 Functions
Table 5.4 lists functions.
Table 5.4 List of Functions

Function name

Outline

hdwinit

Initial setting

R_Systeminit

Initial setting of the peripheral functions

R_CGC_Create

Initial setting of the CPU

R_PORT_Create

Initial setting of the ports

R_ADC_Create

Initial setting of the A/D converter

R_IT_Create

Initial setting of the 12-bit interval timer

R_IT8Bit0_Channel0_Create

Initial setting of the 8-bit interval timer

R_DTC_Create

Initial setting of the DTC

R_ELC Create

Initial setting of the ELC

R_DOC_Create

Initial setting of the DOC

R_OPAMP_Create

Initial setting of the operational amplifiers

main

Main processing

R_MAIN_Userlnit

Main initial setting

R_DTCDO_Start

DTCO activation

R_DTCD2_Start

DTC2 activation

R_ADC_Set _SnoozeOn

A/D converter's SNOOZE function start

R_ADC_Set OperationOn

A/D voltage comparator operation start

R_IT8BITO_CHANNELO_Start

8-bit interval timer count start

R_ADC_Set_SnoozeOff

A/D converter's SNOOZE function stop

r_doc_interrupt

Data operation circuit interrupt servicing

R_ADC_Set OperationOff

A/D conversion disabling

R_DTCDO_Stop

DTCO stop

R_DTCD2_Stop

DTC2 stop

R_IT8BITO_CHANNELO_Stop

8-bit interval timer count stop

R_OPAMPO_Start

Operational amplifier 0 operation start

R_OPAMP1_Start

Operational amplifier 1 operation start

R_DOC_ClearFlag

Data operation circuit flag clear
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5.6 Function Specifications

This part describes function specifications of the sample code.

[Function name] hdwinit

Outline
Header
Declaration
Description
Arguments
Return value
Remarks

Initial setting

None

void hdwinit(void)

This function is used for initial setting of peripheral functions.
None

None

None

[Function name] R_Systeminit

Outline
Header
Declaration
Description

Arguments
Return value
Remarks

Initial setting of the peripheral functions

None

void R_Systeminit(void)

This function is used for initial setting of peripheral functions used in this application
note.

None

None

None

[Function name] R_PORT _Create

Outline
Header
Declaration
Description
Arguments
Return value
Remarks

Initial setting of the ports

r_cg_port.h

void R_PORT_Create(void)

This function is used for initial setting of ports.
None

None

None

[Function name] R_CGC_Create

Outline Initial setting of the CPU
Header r_cg_cgc.h

Declaration void R_CGC_Create(void)

Description This function is used for initial setting of the CPU.

Arguments None

Return value None

Remarks None
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[Function name] R_ADC_Create

Outline Initial setting of the A/D converter

Header r_cg_adc.h
Declaration void R_ADC_Create(void)
Description This function is used for initial setting to use the A/D converter in the hardware

trigger wait mode (select mode, one-shot conversion mode).
Arguments None
Return value None
Remarks None

[Function name] R_IT_Create

Outline Initial setting of the 12-bit interval timer
Header r_cg_ith
Declaration void R_IT_Create(void)
Description This function is used for initial setting of the 12-bit interval timer.
Arguments None
Return value None
Remarks None

[Function name] R_IT8Bit0_Channel0_Create

Outline Initial setting of the 8-bit interval timer
Header r_cg_it8bit.h
Declaration void R_IT8Bit0_Channel0_Create (void)
Description This function is used for initial setting of the 8-bit timer in timer mode.
Arguments None
Return value None
Remarks None

[Function name] R_DTC_Create

Outline Initial setting of the DTC
Header r_cg_dtc.h
Declaration void R_DTC_Create(void)
Description This function is used for initial setting of the DTC.
Arguments None
Return value None
Remarks None

[Function name] R_ELC_Create

Outline Initial setting of the ELC

Header r_cg_elc.h
Declaration void R_ELC_Create (void)
Description This function is used for initial setting of the ELC.
Arguments None
Return value None

Remarks None

RO1AN2231EJ0100 Rev. 1.00 Page 23 of 116

Dec. 01, 2015 RENESAS



RL78/11D Low Power Consuming Intermittent Operation of ADC Using DTC

[Function name] R_DOC_Create

Outline Initial setting of the DOC
Header r_cg_doc.h
Declaration void R_DOC_Create (void)
Description This function is used for initial setting of the DOC.
Arguments None
Return value None
Remarks None

[Function name] R_OPAMP_Create

Outline Initial setting of the operational amplifiers
Header r_cg_opamp.h
Declaration void R_OPAMP_Create (void)
Description This function is used for initial setting of the operational amplifiers.
Arguments None
Return value None
Remarks None

[Function name] main

Outline Main processing
Header None
Declaration void main(void)
Description This function is used for main processing.
Arguments None
Return value None
Remarks None

[Function name] R_MAIN_Userlnit

Outline Main initial setting
Header None
Declaration void R_MAIN_Userlnit(void)
Description This function is used for main initial setting.
Arguments None
Return value None
Remarks None
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[Function name] R_DTCDO_Start

Outline DTCO activation
Header r_cg_dtc.h
Declaration void R_DTCDO_Start(void)
Description This function is used for setting to enable DTCO activation.
Arguments None
Return value None
Remarks None

[Function name] R_DTCD2_Start

Outline DTC2 activation
Header r_cg_dtc.h
Declaration void R_DTCD2_Start(void)
Description This function is used for setting to enable DTC2 activation.
Arguments None
Return value None
Remarks None

[Function name] R_ADC_Set _SnoozeOn

Outline A/D converter's SNOOZE function start

Header r_cg_adc.h
Declaration void R_ADC_Set_SnoozeOn(void)
Description This function is used for setting to start the SNOOZE mode function of the A/D

converter.
Arguments None
Return value None
Remarks None

[Function name] R_ADC_Set_ OperationOn

Outline A/D voltage comparator operation start
Header r_cg_adc.h
Declaration void R_ADC_Set_OperationOn (void)
Description This function is used for setting to start A/D conversion.
Arguments None
Return value None
Remarks None

[Function name] R_IT8BITO_CHANNELO_Start

Outline 8-bit interval timer count start

Header r_cg_it8bit.h
Declaration void R_TMR_RJO0_Start (void)
Description This function is used for setting to enable activation of the 8-bit interval timer.
Arguments None
Return value None

Remarks None
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[Function name] r_doc_interrupt

Outline Data operation circuit interrupt servicing

Header r_cg_doc.h
Declaration void r_doc_interrupt(void)
Description This function is used to initialize the peripheral functions when data operation circuit

interrupts are generated.
Arguments None
Return value None
Remarks None

[Function name] R_ADC_Set_SnoozeOff

Outline A/D converter's SNOOZE function stop
Header r_cg_adc.h
Declaration void R_ADC_Set_SnoozeOff(void)
Description This function is used for setting to stop the SNOOZE mode of the A/D converter.
Arguments None
Return value None
Remarks None

[Function name] R_ADC_Set_ OperationOff

Outline A/D conversion disabling
Header r_cg_adc.h
Declaration void R_ADC_Set_ OperationOff (void)
Description This function is used to disable A/D conversion.
Arguments None
Return value None
Remarks None
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[Function name] R_DTCDO_Stop

Outline
Header
Declaration
Description
Arguments
Return value
Remarks

DTCO stop

r_cg_dtc.h

void R_DTCDO_Stop (void)

This function is used for setting to stop the DTCO.
None

None

None

[Function name] R_DTCD2_Stop

Outline
Header
Declaration
Description
Arguments
Return value
Remarks

DTC2 stop

r_cg_dtc.h

void R_DTCD2_Stop (void)

This function is used for setting to stop the DTC2.
None

None

None

[Function name] R_IT8BITO_CHANNELO_Stop

Outline
Header
Declaration
Description
Arguments
Return value
Remarks

8-bit interval timer count stop
r_cg_it8bit.h
void R_IT8BITO_CHANNELO_Stop (void)

This function is used to stop the 8-bit interval timer.

None
None
None

[Function name] R_DOC_ClearFlag

Outline
Header
Declaration
Description
Arguments
Return value
Remarks

Data operation circuit flag clear
r_cg_doc.h
void R_R_DOC_ClearFlag (void)

This function is used to clear the data operation circuit flag (the DOPCF bit).

None
None
None
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57 Flowcharts

Figure 5.1 shows an overall flow of the sample code.

————

Initial setting function The option bytes are referenced before the
hdwinit() initialization function is called.

Main processing
main()

=

Figure 5.1 Overall Flow
5.7.1 Initialization

Figure 5.2 is a flowchart for initial setting.

C hdwinit() Nete >

Disable interrupts IE«—0

System initialization
function
R_Systeminit()

Y

< return >

Figure 5.2 Initial Setting
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5.7.2 Peripheral Function Initialization
Figure 5.3 shows a flowchart of initial setting of peripheral functions.

< R_Systeminit() >

Set the peripheral 1/O redirection PIORO register « 00H
function
Port initialization Initialize the ports.

R_PORT_Create()

CPU initialization Initialize the CPU.
R_CGC_Create()
|

12-bit IT initialization Initialize the 12-bit interval timer.
R_IT_Create()
I

8-bit IT initialization
R IT8BITO CHANNELO Initialize the 8-bit interval timer.
Create
|
A/D converter initialization Initialize the A/D converter.

R_ADC_Create()
I

Op. amp. initialization Initialize the operational amplifiers.
R_OPAMP_Create ()

DTC initialization Initialize the DTC.
R _DTC_Create()

ELC initialization Initialize the ELC.
R_ELC Create ()

DOC initialization Initialize the DOC.
R_DOC_Create()
[

Set the invalid memory access IAWCTL register < 00H
detection function

Y

< return >

Figure 5.3 Initial Setting of the Peripheral Functions
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5.7.3 Port Initialization

Figure 5.4 is a flowchart for initial setting of ports.

< R_PORT_Create() >

Switch sensor power supply to
OI|:F

Set switch input to enter
the STOP mode

Set the unused portsNote

v
< return >

P5 register «— 00H
PMS5 register — 7FH

PM13 register — FFH

Figure 5.4 Initial Setting of the Ports

Note

1. Refer to the section entitled "Flowcharts" in RL78/G13 Initialization Application Note (RO1AN0451E) for the

configuration of the unused ports.

Caution

1. Provide proper treatment for unused pins so that their electrical specifications are met. Connect each of any unused

input-only ports to VDD or VSS via a separate resistor.
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574 CPU Initialization
Figure 5.5 is a flowchart for initial setting of the CPU.

R_CGC_Create()

Set the X1 and XT1 oscillators

Stop the high-speed system
clock

Stop the middle-speed on-chip
oscillator clock

Specify the subsystem clock

Operate the subsystem clock

<
l

Oscillation No
stabilization wait

time ends?

Yes

Set the operation clocks of
8-bit IT and 12-bit IT

Set the CPU/peripheral
hardware clock

Set the main system clock

Operate the high-speed on-chip
oscillator

A 4

C return >

CMC register < 10H: High-speed system clock

CSC register
MSTOP bit «— 1: X1 oscillator stopped

| CSC register
MIOEN bit « 0: Middle-speed on-chip oscillator stopped

CKSEL register
SELLOSC bit « 0: Sub clock

CSC register
XTSTOP bit < 0: XT1 oscillator operating

For constants and oscillation stabilization wait time of
subsystem clocks, contact the manufacturers of each
oscillator.

OSMC register
RTCLPC bit < 0: Enable supply of subsystem clock to

peripheral functions

WUTMMCKO bit < 0: Subsystem clock

CKC register
CSS bit — 0: Main system clock

CKC register
MCMO bit « 0: Select the high-speed on-chip oscillator clock as the

main system clock (fMAIN)

MCM1 bit — 0: High-speed on-chip oscillator clock

CSC register
HIOSTOP bit — 0

Figure 5.5 Initial Setting of the CPU
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X1 and XT1 oscillators setting

- Clock operation mode control register (CMC)

Set the hi

gh-speed system clock pin operation mode to input port mode.

Set the subsystem clock pin operation mode to low power consumption oscillation of the XT1 oscillator oscillation mode.

Symbol: CMC
7 6 5 4 3 2 1 0
EXCLK OSCSEL | EXCLKS [OSCSELS 0 AMPHS1 | AMPHSO | AMPH
0 0 0 1 X 0 0 0
Bits 7 and 6
EXCLK | OSCSEL | High-speed system clock pin X1/P121 pin X2/EXCLK/P122 pin
operation mode
0 0 Input mode Input port
0 1 X1 oscillation mode Crystal/ceramic resonator connection
1 0 Input port mode Input port
1 1 External clock input mode Input port Input port
Bits 5 and 4
EXCLKS |OSCSELS Subsystem clock pin XT1/P123 pin | XT2/EXCLKS/P124 pin
operation mode
0 0 Input port mode Input port
0 1 XT1 oscillation mode Crystal resonator connection
1 0 Input port mode Input port
1 1 External clock input mode Input port External clock input
Bits 2 and 1
AMPHS1 | AMPHSO XT1 oscillator oscillation mode selection
0 0 Low power consumption oscillation (default)
0 1 Normal oscillation
1 0 Ultra-low power consumption oscillation
1 1 Setting prohibited
Bit 0
AMPH Control of X1 clock oscillation frequency
0 1 MHz < fX <10 MHz
1 10 MHz < fX =20 MHz
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Clock operation control setting

- Clock operation status control register (CSC)

Operate the XT1 oscillator and high-speed on-chip oscillator.
Stop the X1 oscillator and middle-speed on-chip oscillator.

Symbol: CSC
7 6 3 2 1 0
MSTOP XTSTOP 0 MIOEN |HIOSTOP
1 0 X X X 0 0
Bit 7
High-speed system clock operation control
MSTOP P Y P
X1 oscillation mode External clock input mode Input port mode
X1 oscillator operating |External clock from EXCLK pin is valid
= J = Input port
1 X1 oscillator stopped  |External clock from EXCLK pin is invalid
Bit 6
Subsystem clock operation control
XTSTOP
XT1oscillation mode External clock input mode Input port mode
0 XT1 oscillator External clock from EXCLKS pin is valid
Operating Input port
1 XT1 oscillator stopped |External clock from EXCLKS pin is invalid
Bit 1
MIOEN Middle-speed on-chip oscillator clock operation control

0 Middle-speed on-chip oscillator stopped

1 Middle-speed on-chip oscillator operating
Bit 0
HIOSTOP High-speed on-chip oscillator clock operation control
0 High-speed on-chip oscillator operating
1 High-speed on-chip oscillator stopped

RO1AN2231EJ0100 Rev. 1.00
Dec. 01, 2015

Page 33 of 116
RENESAS



RL78/11D Low Power Consuming Intermittent Operation of ADC Using DTC

Subsystem clock setting

- Subsystem clock select register (CKSEL)
Select the sub clock as the subsystem clock.

Symbol: CKSEL

6 5 4 3 2 1 0
0 0 0 0 0 0 0 SELLOSC
X X X X X X X 0
Bit 0
SELLOSC Selection of sub clock/low-speed on-chip oscillator clock
0 Sub clock
1 Low-speed on-chip oscillator clock

Operation clock setting for 8-bit and 12-bit interval timers

- Subsystem clock supply mode control register (OSMC)
Enable supply of subsystem clock to peripheral functions in STOP mode.
Select the subsystem clock as operation clock of the 8-bit interval timer and 12-bit interval timer.

Symbol: OSMC
7 6 5 4 3 2 1 0
RTCLPC 0 0 WUTMM 0 0 0
CKO
0 X X 0 X X X X
Bit 7
RTCLPC Setting in STOP mode or HALT mode while subsystem clock is selected as CPU clock
0 Enables supply of subsystem clock to peripheral functions
1 Stops supply of subsystem clock to peripheral functions other than the real-time clock, 12-bit interval
timer, 8-bit interval timer, and clock output/buzzer output controller

Bit 4
WUTMMCKO| Selection of operation clock for real-time clock, frequency measurement circuit, 12-bit interval timer, 8-
bit interval timer, and clock output/buzzer output controller

0 Subsystem clock
1 Low-speed on-chip oscillator clock
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System clock control setting

- System clock control register (CKC)
Select the high-speed on-chip oscillator clock as the CPU/peripheral hardware clock.

Symbol: CKC
7 6 5 4 3 2 1 0
CLS CSS MCS MCMO 0 0 MCS1 MCM1
X 0 X X X X 0 0
Bit 6
CSS Selection of CPU/peripheral hardware clock (fCLK)
0 Main system clock (fMAIN)
1 Subsystem clock (fSUB)
Bit 1
MCMO Main system clock (fMAIN) operation control
0 Selects the high-speed on-chip oscillator clock (flH) as the main system clock
(FMAIN)
1 Selects the high-speed system clock (fMX) as the main system clock (fMAIN)
Bit 0
MCM1 Main on-chip oscillator clock (fFOCO) operation control
0 High-speed on-chip oscillator clock

Middle-speed on-chip oscillator clock
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575 12-bit Interval Timer Initialization

Figure 5.6 is a flow chart for initial setting of the 12-bit interval timer.

R_IT_Create()

C D

Reset the 12-bit IT

[
Release 12-bit IT reset

Enable input clock supply to the 12-

bit IT

Stop 12-bit IT count operation

Disable 12-bit IT interrupts

Clear the 12-bit IT interrupt request
flag

Set the 12-bit IT compare value

\ 4

return

- D

PRR2 register
TMKARES bit — 1: 12-bit interval timer reset state

PRR2 register
TMKARES bit < 0: 12-bit interval timer reset release

PER2 register
TMKAEN bit — 1: Enable input clock supply

ITMC register — 0000H
RINTE « 0: Count operation stopped
ITCMP11 - ITCMPO « 000000000000: Setting prohibited

MK1H register
TMKAMK bit < 1: INTIT interrupt servicing disabled

IF1H register
TMKAIF bit < 0: Clear the interrupt request flag.

ITMC register — OFFFH
ITCMP11-ITCMPO «— 0000111111111111B

Figure 5.6 Initial Setting of the 12-bit Interval Timer
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12-bit interval timer reset

- Peripheral reset control register 2 (PRR2)
Reset the 12-bit interval timer.

Symbol: PRR2

7 6 5 4 3 2 1

TMKARES 0 DOCRES 0 0 0 0
1 X X X X X X

Bit 7

TMKARES Reset control of 12-bit interval timer
0 12-bit interval timer reset release
1 12-bit interval timer reset state

12-bit interval timer reset release

- Peripheral reset control register 2 (PRR2)
Release the 12-bit interval timer reset state.

Symbol: PRR2
7 6 5 4 3 2 1

TMKARES 0 DOCRES 0 0 0 0
0 X X X X X X

Bit 7

TMKARES Reset control of 12-bit interval timer
0 12-bit interval timer reset release
1 12-bit interval timer reset state
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12-bit interval timer clock supply start

- Peripheral enable register 2 (PER2)

Start the 12-bit interval timer clock supply.

Symbol: PER2

7 6 5 4 2 1 0

TMKAEN [ FMCEN | DOCEN 0 0 0 0
1 X X X X X X X

Bit 7

TMKAEN Control of 12-bit interval timer input clock supply
0 Stops input clock supply.
1 Enables input clock supply.

12-bit interval timer interrupt setting

- Interrupt request flag register (IF1H)
Clear the interrupt request flag.
- Interrupt mask flag register (MK1H)
Disable interrupt servicing.

Symbol: IF1H
7 6 5 4 3 2 1 0
0 DOCIF | CMPIF1 | CMPIFO KRIF TMKAIFI [ RTCIF ADIF
0
Bit 2
TMKAIF Interrupt request flag
0 No interrupt request signal is generated.
1 Interrupt request is generated, interrupt request status
Symbol: MK1H
7 6 5 4 3 2 1 0
0 DOCMK | CMPMK1 | CMPMKO | KRMK [ TMKAMK | RTCMK ADMK
1
Bit 2
TMKAMK Interrupt servicing control
0 Interrupt servicing enabled
1 Interrupt servicing disabled
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Setting of the 12-bit interval timer count operation and compare value

- 12-bit interval timer control register (ITMC)
Stop the 12-bit interval timer count operation.
Set a compare value.

Symbol: ITMC
15 14 13 12 11-0
RINTE 0 0 0 ITCMP 11 - ITCMP 0
0 X X X 111111111111
Bit 15
RINTE 12-bit interval timer operation control
0 Count operation stopped
1 Count operation started
Bits 11 to O
ITCMP11 - ITCMPO Fixed-cycle interrupt (INTRTC) selection
001H
oo Generates a fixed-cycle interrupt (count clock cycles x (ITCMP setting + 1)).
FFFH
000H Setting prohibited
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57.6 8-bit Interval Timer Initialization

Figure 5.7 shows a flowchart for initial setting of the 8-bit interval timer.

Q_ITSBitO_ChanneIO_Create D

Supply clock to the 8-bit IT

Stop 8-bit IT count operation

Disable 8-bit IT interrupts

Clear the 8-bit IT interrupt request
flag

Set control as 8-bit IT

Select the 8-bit IT count source

Set the 8-bit IT counter

A 4

C return >

TRTCRO register
TCLKENO bit = 1: Clock is supplied.

TRTCRO register
TSTARTOO bit = 0: Count stops.

MK2L register
ITMKOO bit = 1: 8-bit IT interrupt servicing disabled

IF2L register
ITIFOO bit = 0: Clear the interrupt request flag.

TRTCRO register
TCSMDO bit = 0: Operate as 8-bit counter

TRTMDO register < 07H
TCKnO bit = 111B: fSXR/128

TRTCMPOO register — FFH

Figure 5.7 Initial Setting of the 8-bit Interval Timer
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8-bit interva

| timer control setting

- 8-bit interval timer control register 0 (TRTCRO)
Start clock supply as 8-bit counter.

Symbol: TRTCRO

7 6 5 4 3 2 1 0
TCSMDO 0 0 TCLKENO 0 TSTARTO1 0 TSTART00
0 X X 1 X X X 0
Bit 7
TCSMDO Mode selection
0 Operates as 8-bit counter
1 Operates as 16-bit counter (channel 0 and channel 1 are connected)
Bit 4
TCLKENO 8-bit interval timer clock enable
0 Clock is stopped.
1 Clock is supplied.
Bit 0
TSTARTO00 8-bit interval timer 0 count start
0 Count stops.
1 Count starts.
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8-bit interval timer interrupt setting

- Interrupt mask flag register (MK2L)
Disable interrupt servicing.

- Interrupt request flag register (IF2L)
Clear the interrupt request flag.

Symbol: MK2L
7 6 5 4 3 2 1 0
FLMK 0 0 0 ITMK11 | ITMK10 | ITMKO1 | ITMKOO
X X X X X X X 1
Bit 0
ITMKOO Interrupt servicing control
1 Interrupt servicing disabled
Symbol: IF2L
7 6 5 4 3 2 1 0
FLIF 0 0 0 ITIF11 ITIF10 ITIFO1 ITIFOO
X X X X X X X 0
Bit 0
ITIFOO Interrupt request flag
0 No interrupt request signal is generated.
1 Interrupt request is generated, interrupt request status
Note

1. For details on register settings, refer to RL78/11D User’'s Manual: Hardware.
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8-bit interval timer count source setting

- 8-bit interval timer division register 0 (TRTMDO)
Set a counter value.

Symbol: TRTMDO

7 6 5 4 3 2 1 0
0 TCKO1 0 TCKO00
x x | x x x 111
Bit 2 to bit 0
TCKO00 8-bit interval timer O division selection
Bit 2 Bit 1 Bit 0
0 0 0 fSXR or fIL
0 0 1 fSXR/2 or fIL/2
0 1 0 fSXR/4 or fIL/4
0 1 1 fSXR/8 or fIL/8
1 0 0 fSXR/16 or fIL/16
fSXR/32 or fIL/32
1 0 fSXR/64 or fIL/64
1 1 1 fSXR/128 or fIL/128

8-bit interval timer count value setting

- 8-bit interval timer compare register 00 (TRTCMP00)
Set a count value.

Symbol: TRTCMPO00

7 6 5 4 3 2 1
1 1 1 1 1 1 1 1 |
Bit 7 to bit 0
Function

8-bit counter

Note
1. For details on register settings, refer to RL78/11D User’'s Manual: Hardware.
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57.7 A/D Converter Initialization

Figure 5.8 shows a flowchart for initial setting of the A/D converter.

< R_ADC_Create() >

Reset the A/D converter

Release the A/D converter reset

[
Supply clock to the A/D converter
circuit

Stop operation of the A/D converter

Disable A/D conversion end
interrupts

Clear the A/D conversion end
interrupt request flag

Initial setting of the A/D converter

- Set the conversion time to
approx. 4.5 ys

- Set to the select mode

- Hardware trigger wait mode

Setting of the reference voltage

source

- 12-bit resolution

- Set the + side reference voltage
source to VDD

- Set the — side reference voltage
source to VSS

Setting of the conversion result
comparison upper/lower limit
- Set the upper limit to FFH
- Set the lower limit to 00H

Specify the analog input channel
- Set the analog input channel to

A 4

return

- D

PRRO register
ADCRES bit < 1: A/D converter reset state

PRRO register
ADCRES bit < 0: A/D converter reset release

PERO register
ADCEN bit < 1: Enable input clock supply.

ADMO register « 00H
ADCS bit = 0: Stop conversion operation
ADCE bit = 0: Stop A/D voltage comparator operation

MK1H register
ADMK bit «1: A/D conversion end interrupt servicing disabled

IF1H register
ADIF bit — 0: Clear the interrupt request flag.

ADMO register « 30H
FR2-FRO bits « 110B: fCLK/2 (fCLK = 24 MHz)
LV1-LVO bits < 00B: Conversion time 108/fCLK
ADMD bit < 0: Select mode
ADM1 register «— E3H
ADTMD1 — ADTMDO bits < 11B:
Hardware trigger wait mode
ADSCM « 1: One-shot conversion mode
ADTRS1 — ADTRSO bits «— 11B:
12-bit interval timer interrupt signal (INTIT)

ADM2 register «00H
ADREFP1 - ADREFO bits < 00B: Supplied from AVpp
ADREFM « 0: Supplied from AVss
ADRCK « 0: INTAD is output in case of AREA1
ADTYP « 0: 12-bit resolution

ADUL register «— FFH:

Set the conversion result comparison upper limit.
ADLL register « 00H:

Set the conversion result comparison lower limit.

ADS register < 07H
ADS4 - ADSO bits < 00111B
ADISS bit — 0

Figure 5.8 Initial Setting of the A/D Converter
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A/D converter reset

- Peripheral reset control register 0 (PRRO)
Reset the A/D converter.

Symbol: PRRO
6 5 4 3 2 1 0
0 0 ADCRES 0 0 SAUORES 0 0
X X 1 X X X X X
Bit 5
ADCRES Reset control of A/D converter
0 A/D converter reset release
1 A/D converter reset state

A/D converter reset release

- Peripheral reset control register 0 (PRRO)
Release the A/D converter reset state.

Symbol: PRRO
7 6 5 4 3 2 1 0
0 0 ADCRES 0 0 SAUORES 0 0
X X 0 X X X X X
Bit 5
ADCRES A/D converter reset control
0 A/D converter reset release
1 A/D converter reset state
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A/D converter clock supply start

- Peripheral enable register 0 (PERO)
Start clock supply to the A/D converter.

Symbol: PERO
7 6 5 4 3 2 0
RTCEN ADCEN 0 0 SAUOEN TAUOEN
X X 1 X X X X
Bit 5
ADCEN Control of A/D converter input clock supply
0 Stops input clock supply.
1 Enables input clock supply.
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A/D conversion end interrupt setting

- Interrupt mask flag register (MK1H)

Disable interrupt servicing.
- Interrupt request flag register (IF1H)
Clear the interrupt request flag.

Symbol: MK1H
7 6 5 4 3 2 1 0
0 DOCMK | CMPMK1 [ CMPMKO [ KRMK | TMKAMK | RTCMK | ADMK
X X X X X X X 1
Bit 0
ADMK Interrupt servicing control
0 Interrupt servicing enabled
1 Interrupt servicing disabled
Symbol: IF1H
7 6 5 4 3 2 1 0
0 DOCIF | CMPIF1 | CMPIFO KRIF TMKIF RTCIF ADIF
X X X X X X X 0
Bit 0
ADIF Interrupt request flag
0 No interrupt request signal is generated.
1 Interrupt request is generated, interrupt request status
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Setting of A/D conversion time and operation mode

- A/D converter mode register 0 (ADMO)
Control A/D conversion operation.
Specify the A/D conversion channel selection mode.

Symbol: ADMO
7 6 5 4 3 2 1 0
ADCS ADMD FR2 FR1 FRO LV1 LVO ADCE
0 0 1 1 0 0 0 0
Bit 7
ADCS A/D conversion operation control
0 |Stops conversion operation
1 Enables conversion operation
Bit 6
ADMD Specification of the A/D conversion channel selection mode
0 |Select mode
1 Scan mode
Bits 5 to 1
ADMO Mode Conversion time selection Conversion
FR2|FR1|FRO| LV1 | Lv2 e | e | dwe | i | oz | 6o
0 0 0 0 0 Setting Setting Setting Setting 72 us fox/32
prohibited| prohibited| prohibited| prohibited
oo |1 54 us 36 ps foikl/16
0 1 0 ; 54 us 27 us 18 us foLk/8
0 1 1 E 40.5 ps 20.25 s 13.5 ps f
1o o g 33.75 s | 16.875 us| 11.25 ps
5 54 us 27 us 13.5 us 9 us fouo4
1(11(0 27 us 135ps | 6.75us | 4.5 s foLk/2
1 1 1 54 ps 13.5 s 6.75us | 3.375 s Setting fowk/1
prohibited
0 0 0 0 1 Setting Setting Setting Setting 88 us foik/32
prohibited| prohibited| prohibited| prohibited
0 0 1 66 Ps 44 us fok/16
ol 1]o ~ 66 us 33 us 22 us fok/8
o 1| 1 I 495ps | 2475ps| 16.5 s f
11010 E 41.25 ps | 20.625 ps| 13.75 us
1o @ 66 us 33 s 16.5 us 11 us fod
1 1 0 33 us 16.5 us 8.25 ps 5.5 us fok/2
1 1 1 66 s 16.5 us 8.25 us 4.125 ps prsoitittl)riwtgid fok/1
Bit 0
ADCE A/D voltage comparator operation control
0 |Stops A/D voltage comparator operation
1 Enables A/D voltage comparator operation
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A/D conversion trigger mode setting

- A/D converter mode register 1 (ADM1)
Select an A/D conversion trigger mode.
Set an A/D conversion operation mode.
Select a hardware trigger signal.

Symbol: ADM1
7 6 5 4 3 2 1 0
ADTMD1 | ADTMDO | ADSCM 0 0 0 ADTRS1 | ADTRSO
1 1 1 X X X 1 1
Bits 7 and 6
ADTMD1 | ADTMDO Selection of the A/D conversion trigger mode
0 X Software trigger mode
Hardware trigger no-wait mode
1 1 Hardware trigger wait mode
Bit 5
ADSCM Specification of the A/D conversion operation mode
0 Sequential conversion mode
1 One-shot conversion mode
Bits 1 and O
ADTRS1 | ADTRSO Selection of the hardware trigger signal
0 0 End of timer channel 01 count or capture interrupt signal (INTTMO1)
0 1 Setting prohibited
1 1 12-bit interval timer interrupt signal (INTIT)
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Reference voltage source setting

- A/D converter mode register 2 (ADM2)
Select the + side reference voltage source of the A/D converter.
Select the - side reference voltage source of the A/D converter.
Check the upper limit and lower limit conversion result values.
Specify the SNOOZE mode function.
Select the A/D conversion resolution.

Symbol: ADM2
7 6 5 4 3 2 1 0
ADREFP1|ADREFP0O| ADREFM 0 ADRCK AWC 0 ADYTP
0 0 0 X 0 0 0 0
Bits 7 and 6
ADREFP1 | ADREFPO Selection of the + side reference voltage source of the A/D converter
0 0 Supplied from AVpp
0 1 Supplied from AVgerp/ANIO
1 0 Supplied from the internal reference voltage (1.45 V)
1 1 Setting prohibited
Bit 5
ADREFM Selection of the - side reference voltage source of the A/D converter
0 Supplied from AVss
1 Supplied from AVgesn/ANI1
Bit 3
ADRCK Checking the upper limit and lower limit conversion result values
0 The A/D conversion end interrupt request signal (INTAD) is output when
the ADLL register < the ADCR register < the ADUL register (AREA1).
1 The A/D conversion end interrupt request signal (INTAD) is output when the ADCR register < the
ADLL register (AREA2) or the ADUL register < the ADCR register (AREA3).
Bit 2
AWC Specification of the SNOOZE mode
0 The SNOOZE mode function is not used.
1 The SNOOZE mode function is used.
Bit 0
ADTYP Selection of the A/D conversion resolution
0 12-bit resolution
1 8-bit resolution
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Conversion result comparison upper/lower limit setting

- Conversion result comparison upper limit setting register (ADUL)
- Conversion result comparison lower limit setting register (ADLL)
Set the conversion result comparison upper/lower limit.

Symbol: ADUL
7 6 5 4 3 2 1 0
ADUL7 ADUL6 ADUL5 ADUL4 ADUL3 ADUL2 ADULA1 ADULO
1 1 1 1 1 1 1 1
Symbol: ADLL
7 6 5 4 3 2 1 0
ADLL7 ADLL6 ADLL5 ADLL4 ADLL3 ADLL2 ADLLA1 ADLLO
0 0 0 0 0 0 0 0
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Input channel specification

- Analog input channel specification register (ADS)
Specify the input channel of the analog voltage to be A/D converted.

Symbol: ADS
7 6 5 4 3 1 0
ADISS 0 ADS4 ADS3 ADS2 ADS1 ADSO
0 X X 0 0 1 1
Bits 7, 4 to 0
ADISS | ADs4 | ADs3 | Aps2 | Apst | ADso An:r:(;i:;‘l’m Input source
ANIO P10/ANIO/AVREFP pin
0 0 0 0 0 1 ANI1 P11/ANI1/AVREFM pin
0 0 0 0 1 0 ANI2 P12/ANI2 pin
0 0 0 0] 1 1 ANI3 P13/ANI3 pin
0 0 0 1 0 0 ANI4 P14/ANI4 pin
0 0 0 1 0 ANI5 P15/ANI5 pin
0 0 0 1 1 0] ANI6 P16/ANI6 pin
0 1 0 0 0 1 ANI17 P02/ANI17 pin
0 0 0 1 1 1 ANI7 P17/ANI7 pin
0 0 1 0 0 0 ANI8 P25/ANI8 pin
0 0 1 0 0 1 ANI9 P24/ANI9 pin
0 0 1 0 1 0 ANI10 P23/ANI10 pin
0 0 1 0 1 1 ANI11 P22/ANI11 pin
0 0 1 1 0 0] ANI12 P21/ANI12 pin
0 0 1 1 0 ANI13 P20/ANI13 pin
0 1 0 0 0 0 ANI16 P02/ANI16 pin
0 1 0 0 0 1 ANI17 PO3/ANI17 pin
0 1 0 1 1 0 ANI18 P04/ANI18 pin
1 0 0 0] 0 0 — Temperature sensor output voltage
1 0 0 0 0 1 - Internal reference voltage
output (1.45 V)
Other than the above Setting prohibited
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5.7.8 Operational Amplifier Initialization

Figure 5.9 is a flowchart for initial setting of the operational amplifiers.

< R_OPAMP_Create () >

Stop the op. amp.

Set mode of the pins used by the
op. amp.

Set input of the pins used byt the
op. amp.

Select operation mode

Select the ELC trigger

Select the trigger
the op.

to activate/stop
amp.

A 4

C return >

AMPC register « 00H:
IREFE bit = 0: Operation of op. amp. reference current circuit is
stopped.
AMPE1n bit = 0: The operational amplifier is stopped.

PMCH1 register «— FCH:
PMC17 bit = 1: Set the AMP10 pin to analog mode.
PMC16 bit = 1: Set the AMP1- pin to analog mode.
PMC15 bit = 1: Set the AMP1+ pin to analog mode.
PMC14 bit = 1: Set the AMPOQO pin to analog mode.
PMC13 bit = 1: Set the AMPO- pin to analog mode.
PMC12 bit = 1: Set the AMPO+ pin to analog mode.

PM1 register — FCH:
PM17 bit = 1: Set the AMP10 to input mode.
PM16 bit = 1: Set the AMP1- to input mode.
PM15 bit = 1: Set the AMP1+ to input mode.
PM14 bit = 1: Set the AMPOO to input mode.
PM13 bit = 1: Set the AMPO- to input mode.
PM12 bit = 1: Set the AMPO+ to input mode.

AMPMC register
AMPSP bit = 1: High-speed mode

AMPTRS register «01H :
AMPTRS1-0 bits = 01B
Op. amp. units 0, 1: Op. amp. ELC trigger 0
Op. amp. units 2, 3: Op. amp. ELC trigger 1

AMPTRM register « OFH:
AMPTRM11-10 bits = 11B: ELC and A/D trigger mode
AMPTRMO01-00 bits = 11B: ELC and A/D trigger mode

Figure 5.9 Initial Setting of the Operational Amplifiers
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Operational amplifier stop

- Operational amplifier control register (AMPC)
Stop the operational amplifiers.

Symbol: AMPC
7 6 5 4 3 2 1 0

IREFE 0 0 0 AMPE3 | AMPE2 [ AMPE1 | AMPED
0 x X X 0 0 0 0

Bit 7

IREFE Operation control of operational amplifier reference current circuit

0 Operational amplifier reference current circuit is stopped.

1 Operation of operational amplifier reference current circuit is enabled.

Bits 3to 0

AMPEN Operation control of operational amplifier

0 Operation amplifier is stopped.

Software trigger mode: Operation of operational amplifier is enabled.
ELC trigger mode or ELC and A/D trigger mode: Wait for ELC is enabled.

1
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Mode setting of pins used for the operational amplifier

- Port mode control register 0 (PMC1)
Set the pins to be used for the operational amplifiers to analog input.

Symbol: PMC1
7 6 5 4 3 2 1 0
PMC17 | PMC16 | PMC15 | PMC14 | PMC13 | PMC12 | PMC11 PMC10
1 1 1 1 1 1 X X
Bits 7 to O
PMC1n Pmn pin digital 1/O/analog input selection (n =0 to 7)
0 Digital 1/0 (alternate function other than analog input)
1 Analog input
Input setting of pins used for the operational amplifier
- Port mode register 0 (PM1)
Set the pins to be used for the operational amplifiers to input mode.
Symbol: PM1
7 6 5 4 3 2 1 0
PM17 PM16 PM15 PM14 PM13 PM12 PM11 PM10
1 1 1 1 1 1 X X
Bits 7 to 0
PM1n Pmn pin I/O mode selection (n =0 to 7)
0 Output mode (the pin functions as an output port (output buffer on))
1 Input mode (the pin functions as an input port (output buffer off))
Operation mode setting of the operational amplifier
- Operational amplifier mode control register (AMPMC)
Set the operational amplifiers to high-speed mode.
Symbol: AMPMC
7 6 5 4 3 2 1 0
AMPSP 0 0 0 AMPPC3 | AMPPC2 | AMPPC1 | AMPPCO
1 X X X X X X X
Bit 7
AMPSP Operation mode selection (common to all units)
0 Low-power mode (Low-speed mode)
1 High-speed mode
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ELC trigger selection

- Operational amplifier ELC trigger select register (AMPTRS)

Set the operational amplifier ELC trigger.

Symbol: AMPTRS

7 6 5 4 3 2 1 0
0 0 AMPTRS1 | AMPTRSO
X X X X X X 0 1
Bits 1to 0
AMPTRS1 | AMPTRSO ELC trigger selection
0 1 Operational amplifier unit 0: Operational amplifier ELC trigger 0

Operational amplifier unit 1: Operational amplifier ELC trigger 0
Operational amplifier unit 2: Operational amplifier ELC trigger 1
Operational amplifier unit 3: Operational amplifier ELC trigger 1

1 1 Operational amplifier unit 0: Operational amplifier ELC trigger O
Operational amplifier unit 1: Operational amplifier ELC trigger O
Operational amplifier unit 2: Operational amplifier ELC trigger 0
Operational amplifier unit 3: Operational amplifier ELC trigger 0
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Operational amplifier activation/stop trigger selection

- Operational amplifier trigger mode control register (AMPTRM)
Set activation/stop of the operational ampilifiers.

Symbol: AMPTRM

7 6 5 4 3 2 1 0
AMPTRM31 [ AMPTRM30 | AMPTRM21 | AMPTRM20 | AMPTRM11 | AMPTRM10 | AMPTRMO1 | AMPTRMOO
X X X X 1 1 1 1

Bits 3to O
AMPTRMn1 AMPTRMnO Operational amplifier function activation/stop trigger control
0 1 ELC trigger mode
The operational amplifier can be set to wait for an ELC trigger or stopped by setting the
AMPC register.
The operational amplifier can be activated by an ELC trigger.
The operational amplifier cannot be controlled by an A/D conversion end trigger.
1 1 ELC and A/D trigger mode
* The operational amplifier can be set to wait for an ELC trigger or
stopped by setting the AMPC register.
* The operational amplifier can be activated by an ELC trigger.
* The operational amplifier can be stopped by an A/D conversion end
trigger.

Remark n: Unit number (n =0, 1, 2, 3)
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5.7.9 DTC Initialization
Figure 5.10 to Figure 5.12 show a flowchart for initial setting of the DTC.

C R_DTC_Create() >

Stat supplying input clock to the PER1 register
DTC DTCEN bit — 1: Supply input clock
[
Disable DTC activation DTCENO — DTCENZ2 registers < 00H
I
Set DTC base address DTCBAR register — FBH
I
Set the start address of control data 0 (40H) to the DTC
Set control data 0 to DTC vector (8- vector of 8-bit IT 00 (address: FFBO9H)

bit IT 00)
I

DTCCRO register — 13H
: SZ bit = 0: Transfer byte size 8 bits

Set the DTC control reQISter 0 PRINT bit = 0: Interrupt generation disabled..

CHNE bit = 1: Chain transfers enabled

DAMOD bit = 0: Fixed transfer destination address

SAMOD bit = 0: Fixed transfer source address

RPTSEL bit = 1: Transfer source is the repeat area.

MODE bit = 1: Repeat mode
DTBLSO register —01H: The block size of the data to be transferred

by one activation is 2 bytes.

DTCCTO register < 01H: Set the number of DTC data transfers to once.
DTRLDO register — 01H: Initial setting of the transfer count reload
DTSARO register — FDOOH: Set the transfer source address.
DTDARO register — FFO5H: Set the transfer destination address.

DTCCR1 register < 40H
SZ bit = 1: Transfer byte size 16 bits
PRINT bit = 0: Setting is invalid as MODE is 0 (normal mode).
CHNE bit = 0: Chain transfers disabled
MADOD bit = 0: Fixed transfer destination address
SAMOD bit = 0: Fixed transfer source address
RPTSEL bit = 0: Setting is invalid as MODE is 0 (normal mode).
MODE bit = 0: Normal mode
DTBLS1 register —01H: The block size of the data to be transferred
by one activation is 2 bytes.
DTCCT1 register < 01H: Set the number of DTC data transfers to once.
DTRLD1 register — 00H: Initial setting of the transfer count reload
DTSARH1 register — FDO4H: Set the transfer source address.
DTDART1 register — FF90H: Set the transfer destination address.

Set the DTC control register 1

L~ ]

Figure 5.10 Initial Setting of the DTC (1)
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Set the start address (50H) of the control data 2 to the DTC

Set control data 0 to the DTC vector of A/D conversion end (address: FFB11H)
vector (A/D conversion end)

| DTCCR2 register < 51H
SZ bit = 1: Transfer byte size 16 bits
Set the DTC control register 2 PRINT bit = 0: Interrupt generation disabled.
CHNE bit = 1: Chain transfers enabled

DAMOD bit = 0: Fixed transfer destination address

SAMOD bit = 0: Fixed transfer source address

RPTSEL bit = 0: Transfer destination is the repeat area.

MODE bit = 1: Repeat mode
DTBLS?2 register — 01H: The block size of the data to be transferred

by one activation is 2 bytes.

DTCCT2 register « 04H: Set the number of DTC data transfers to 4 times.
DTRLD2 register — 04H: Initial setting of the transfer count reload
DTSAR?2 register < FF1EH: Set the transfer source address.
DTDAR? register — FCOOH: Set the transfer destination address.

DTCCRS register «— 10H
: SZ bit = 0: Transfer byte size 8 bits
Set the DTC control register 3 PRINT bit = 0: Setting is invalid as MODE is 0 (normal mode).
CHNE bit = 1: Chain transfers enabled
DAMOD bit = 0: Fixed transfer destination address
SAMOD bit = 0: Fixed transfer source address
RPTSEL bit = 0: Setting is invalid as MODE is 0 (normal mode).
MODE bit = 0: Normal mode
DTBLS3 register — 01H: The block size of the data to be transferred
by one activation is 1 byte.
DTCCTS3 register «— 04H: Set the number of DTC data transfers to 4 times.
DTRLD3 register — 00H: Initial setting of the transfer count reload
DTSARS register < FDO2H: Set the transfer source address.
DTDARS register< FFO5H: Set the transfer destination address.

DTCCR4 register «— 50H
: SZ bit = 1: Transfer byte size 16 bits
Set the DTC control regISter 4 PRINT bit = 0: Setting is invalid as MODE is 0 (normal mode).
CHNE bit = 1: Chain transfers enabled
DAMOD bit = 0: Fixed transfer destination address
SAMOD bit = 0: Fixed transfer source address
RPTSEL bit = 0: Setting is invalid as MODE is O (normal mode).
MODE bit = 0: Normal mode
DTBLS4 register — 01H: The block size of the data to be transferred
by one activation is 2 bytes.
DTCCT4 register «— 04H: Set the number of DTC data transfers to 4 times.
DTRLD4 register — 00H: Initial setting of the transfer count reload
DTSARA4 register < FDO6H: Set the transfer source address.
DTDAR4 register < FF90H: Set the transfer destination address.

DTCCRS register «— 50H
: SZ bit = 1: Transfer byte size 16 bits
Set the DTC control regISter S PRINT bit = 0: Setting is invalid as MODE is 0 (normal mode).
CHNE bit = 1: Chain transfers enabled
MADOD bit = 0: Fixed transfer destination address
SAMOD bit = 0: Fixed transfer source address
RPTSEL bit = 0: Setting is invalid as MODE is 0 (normal mode).
MODE bit = 0: Normal mode
DTBLSS5 register — 01H: The block size of the data to be transferred
by one activation is 2 bytes.
DTCCTS5 register «— 04H: Set the number of DTC data transfers to 4 times.
DTRLDS5 register — 00H: Initial setting of the transfer count reload
DTSARS register — FF1EH: Set the transfer source address.
DTDARS register < 0512H: Set the transfer destination address.

u

Figure 5.11 Initial Setting of the DTC (2)
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DTCCRE® register « 50H
SZ bit = 1: Transfer byte size 16 bits
Set the DTC control register 6 PRINT bit = 0: Setting is invalid as MODE is 0 (normal mode).
CHNE bit = 1: Chain transfers enabled
MADOD bit = 0: Fixed transfer destination address
SAMOD bit = 0: Fixed transfer source address
RPTSEL bit = 0: Setting is invalid as MODE is 0 (normal mode).
MODE bit = 0: Normal mode
DTBLS6 register — 01H: The block size of the data to be transferred
by one activation is 2 bytes.
DTCCT® register «— 04H: Set the number of DTC data transfers to 4 times.
DTRLDG® register < 00H: Initial setting of the transfer count reload
DTSARS register « FDOCH: Set the transfer source address.
DTDARG register — 0514H: Set the transfer destination address.

DTCCRY register <—10H
: SZ bit = 0: Transfer byte size 8 bits
Set the DTC control register 7 PRINT bit = 0: Setting is invalid as MODE is 0 (normal mode).
CHNE bit = 1: Chain transfers enabled
DAMOD bit = 0: Fixed transfer destination address
SAMOD bit = 0: Fixed transfer source address
RPTSEL bit = 0: Setting is invalid as MODE is 0 (normal mode).
MODE bit = 0: Normal mode
DTBLS?7 register —01H: The block size of the data to be transferred
by one activation is 1 byte.
DTCCTY register «— 04H: Set the number of DTC data transfers to 4 times.
DTRLD?Y register — 00H: Initial setting of the transfer count reload
DTSARY register — FDO8H: Set the transfer source address.
DTDARY? register — 0010H: Set the transfer destination address.

DTCCRS register «— 00H
. SZ bit = 0: Transfer byte size 8 bits
Set the DTC control regISter 8 PRINT bit = 0: Setting is invalid as MODE is 0 (normal mode).
CHNE bit = 0: Chain transfers disabled
DAMOD bit = 0: Fixed transfer destination address
SAMOD bit = 0: Fixed transfer source address
RPTSEL bit = 0: Setting is invalid as MODE is 0 (normal mode).
MODE bit = 0: Normal mode
DTBLSS8 register — 01H: The block size of the data to be transferred
by one activation is 1 byte.
DTCCTS8 register «— 04H: Set the number of DTC data transfers to 4 times.
DTRLDS register < 00H: Initial setting of the transfer count reload
DTSARS register < FDOAH: Set the transfer source address.
DTDARS register — 0010H: Set the transfer destination address.

A 4

C return >

Figure 5.12 Initial Setting of the DTC (3)
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Low Power Consuming Intermittent Operation of ADC Using DTC

DTC clock supply start

- Peripheral enable register 1 (PER1)
Start clock supply to DTC.

Symbol: PER1
7 6 5 4 3 2 1 0
0 0 CMPEN DTCEN 0 0 0
1
Bit 3
DTCEN Control of DTC input clock
0 Stops input clock supply.
1 Supplies input clock.
DTC activation disabling
- DTC activation enable register | (DTCEN:I) (1 =0 to 2)
Disable DTC activation.
Symbol: DTCEN:i
7 6 5 4 3 2 1 0
DTCENi7 | DTCENi6 | DTCENi5 | DTCENi4 | DTCENI3 | DTCENi2 | DTCENi1 | DTCENIO
0 0 0 0 0 0 0 0

Bit 7 to bit 0 (The below table shows the format of the bit 7 as an example. (The formats of the
bits 7 to 0 are same.))

DTCENi7

DTC activation enable i7

0

Activation disabled

1

Activation enabled

DTC base address

- DTC base address register (DTCBAR)
Set the DTC base address to “FBH”.

Symbol: DTCBAR
7 6 5 4 3 2 1 0
DTCBAR7|DTCBARG|DTCBAR5|DTCBAR4|(DTCBAR3|DTCBAR2|DTCBAR1|DTCBARO
1 1 1 1 1 0 1 1
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DTC control register 0 setting

- DTC control register 0 (DTCCRO)
Set to 8 bits (data size), chain transfer enabled, and repeat mode (transfer mode).

Symbol: DTCCRO

7 6 5 4 3 2 1 0
Sz RPTINT | CHNE | DAMOD | SAMOD | RPTSEL | MODE
- 0 0 1 0 0 1 1
Bit 6
Sz Data size selection
0 (8 bits
1 16 bits
Bit 5
RPTINT Enabling/disabling repeat mode interrupts
0 [Interrupt generation disabled
1 Interrupt generation enabled
The setting of the RPTINT bit is invalid when the MODE bit is 0 (normal mode).
Bit 4
CHNE Enabling/disabling chain transfers
0 Chain transfers disabled
1 Chain transfers enabled

Set the CHNE bit in the DTCCR23 register to 0 (chain transfers disabled).

Bit 3
DAMOD Transfer destination address control
0 Fixed
1 Incremented

destination is the repeat area).

The setting of the DAMOD bit is invalid when the MODE bit is 1 (repeat mode) and the RPTSEL bit is O (transfer

Bit 2
SAMOD Transfer source address control
0 Fixed
1 Incremented

RPTSEL bit is 1 (transfer source is the repeat area).

The setting of the SAMOD bit is invalid when the MODE bit is 1 (repeat mode) and the

Bit 1
RPTSEL Repeat area selection
0 Transfer destination is the repeat area.
1 Transfer source is the repeat area.
Bit 0
MODE Transfer mode selection
0 Normal mode
1 Repeat mode
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DTC control register 1 setting

- DTC control register 1 (DTCCR1)
Set to 16 bits (data size), chain transfers disabled, and normal mode (transfer mode).

Symbol: DTCCR1

7 6 5 4 3 2 1 0
Sz RPTINT | CHNE DAMOD | SAMOD | RPTSEL | MODE
- 1 0 0 0 0 0 0
Bit 6
Sz Data size selection
0 8 bits
1 16 bits
Bit 5
RPTINT Enabling/disabling repeat mode interrupts
0 Interrupt generation disabled
1 Interrupt generation enabled
The setting of the RPTINT bit is invalid when the MODE bit is 0 (normal mode).
Bit 4
CHNE Enabling/disabling chain transfers
0 |Chain transfers disabled
1 Chain transfers enabled
Set the CHNE bit in the DTCCR23 register to 0 (chain transfers disabled).
Bit 3
DAMOD Transfer destination address control
0 [Fixed
1 Incremented

The setting of the DAMOD bit is invalid when the MODE bit is 1 (repeat mode) and the RPTSEL bit is O (transfer
destination is the repeat area).

Bit 2
SAMOD Transfer source address control
0 Fixed
1 Incremented

The setting of the SAMOD bit is invalid when the MODE bit is 1 (repeat mode) and the RPTSEL bit is 1 (transfer
source is the repeat area).

Bit 1
RPTSEL Repeat area selection
0 Transfer destination is the repeat area.
1 Transfer source is the repeat area.
The setting of the RPTSEL bit is invalid when the MODE bit is 0 (normal mode).
Bit0
MODE Transfer mode selection

0 Normal mode
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DTC control register 2 setting

- DTC control register 2 (DTCCR?2)
Set to 8 bits (data size), chain transfers enabled, and repeat mode (transfer mode).

Symbol: DTCCR2

Low Power Consuming Intermittent Operation of ADC Using DTC

7 6 5 4 3 2 1 0
Sz RPTINT | CHNE | DAMOD | SAMOD | RPTSEL | MODE
- 1 0 1 0 0 0 1
Bit 6
Sz Data size selection
8 bits
1 16 bits
Bit 5
RPTINT Enabling/disabling repeat mode interrupts
0 [Interrupt generation disabled
1 Interrupt generation enabled
The setting of the RPTINT bit is invalid when the MODE bit is 0 (normal mode).
Bit 4
CHNE Enabling/disabling chain transfers
0 Chain transfers disabled
1 Chain transfers enabled

Set the CHNE bit in the DTCCR23 register to 0 (chain transfers disabled).

Bit 3
DAMOD Transfer destination address control
0 Fixed
Incremented

The setting of the DAMOD bit is invalid when the MODE bit is 1 (repeat mode) and the
RPTSEL bit is 0 (transfer destination is the repeat area).

Bit 2
SAMOD Transfer source address control
0 Fixed
1 Incremented

The setting of the SAMOD bit is invalid when the MODE bit is 1 (repeat mode) and the RPTSEL bit is 1 (transfer
source is the repeat area).

Bit 1
RPTSEL Repeat area selection
0 Transfer destination is the repeat area.
1 Transfer source is the repeat area.
The setting of the RPTSEL bit is invalid when the MODE bit is 0 (normal mode).
Bit0
MODE Transfer mode selection
0 Normal mode

1 Repeat mode
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DTC control register 3 setting

- DTC control register 3 (DTCCRS3)
- Set to 8 bits (data size), chain transfers enabled, and normal mode (transfer mode).

Symbol: DTCCR3

7 6 5 4 3 2 1 0
Sz RPTINT | CHNE | DAMOD | SAMOD | RPTSEL | MODE
- 0 0 1 0 0 0 0
Bit 6
Sz Data size selection
0 (8 bits
Bit 5
RPTINT Enabling/disabling repeat mode interrupts
0 Interrupt generation disabled
1 Interrupt generation enabled
The setting of the RPTINT bit is invalid when the MODE bit is 0 (normal mode).
Bit 4
CHNE Enabling/disabling chain transfers
0 Chain transfers disabled
1 Chain transfers enabled

Set the CHNE bit in the DTCCR23 register to 0 (chain transfers disabled).

Bit 3
DAMOD Transfer destination address control
0 Fixed
Incremented

The setting of the DAMOD bit is invalid when the MODE bit is 1 (repeat mode) and the RPTSEL bit is O (transfer
destination is the repeat area).

Bit 2
SAMOD Transfer source address control
0 Fixed
1 Incremented

The setting of the SAMOD bit is invalid when the MODE bit is 1 (repeat mode) and the RPTSEL bit is 1 (transfer
source is the repeat area).

Bit 1
RPTSEL Repeat area selection

0 Transfer destination is the repeat area.
1 Transfer source is the repeat area.

The setting of the RPTSEL bit is invalid when the MODE bit is 0 (normal mode).

Bit0

MODE Transfer mode selection
0 |Normal mode
1 Repeat mode
RO1AN2231EJ0100 Rev. 1.00 Page 65 of 116

Dec. 01, 2015 RENESAS



RL78/11D Low Power Consuming Intermittent Operation of ADC Using DTC

DTC control register 4 setting

- DTC control register 4 (DTCCR4)
Set to 8 bits (data size), chain transfer enabled, and normal mode (transfer mode).

Symbol: DTCCR4

7 6 5 4 3 2 1 0
Sz RPTINT | CHNE | DAMOD | SAMOD | RPTSEL | MODE
- 1 0 1 0 0 0 0
Bit 6
Sz Data size selection
0 8 bits
1 16 bits
Bit 5
RPTINT Enabling/disabling repeat mode interrupts
0 Interrupt generation disabled
1 Interrupt generation enabled
The setting of the RPTINT bit is invalid when the MODE bit is 0 (normal mode).
Bit 4
CHNE Enabling/disabling chain transfers
0 Chain transfers disabled
1 Chain transfers enabled

Set the CHNE bit in the DTCCR23 register to 0 (chain transfers disabled).

Bit 3
DAMOD Transfer destination address control
0 Fixed
1 Incremented

The setting of the DAMOD bit is invalid when the MODE bit is 1 (repeat mode) and the RPTSEL bit is O (transfer
destination is the repeat area).

Bit 2
SAMOD Transfer source address control
0 Fixed
1 Incremented

The setting of the SAMOD bit is invalid when the MODE bit is 1 (repeat mode) and the RPTSEL bit is 1 (transfer
source is the repeat area).

Bit 1
RPTSEL Repeat area selection

0 Transfer destination is the repeat area.
1 Transfer source is the repeat area.

The setting of the RPTSEL bit is invalid when the MODE bit is 0 (normal mode).

Bit0

MODE Transfer mode selection
0 |Normal mode
1 Repeat mode
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DTC control register 5 setting

- DTC control register 5 (DTCCRS5)
Set to 8 bits (data size), chain transfers enabled, and normal mode (transfer mode).

Symbol: DTCCR5

7 6 5 4 3 2 1 0
Sz RPTINT | CHNE | DAMOD | SAMOD | RPTSEL | MODE
- 1 0 1 0 0 0 0
Bit 6
Sz Data size selection
0 8 bits
1 16 bits
Bit 5
RPTINT Enabling/disabling repeat mode interrupts
0 Interrupt generation disabled
1 Interrupt generation enabled
The setting of the RPTINT bit is invalid when the MODE bit is 0 (normal mode).
Bit 4
CHNE Enabling/disabling chain transfers
0 Chain transfers disabled
1 Chain transfers enabled

Set the CHNE bit in the DTCCR23 register to 0 (chain transfers disabled).

Bit 3
DAMOD Transfer destination address control
0 Fixed
1 Incremented

The setting of the DAMOD bit is invalid when the MODE bit is 1 (repeat mode) and the RPTSEL bit is O (transfer
destination is the repeat area).
Bit 2
SAMOD Transfer source address control
0 [Fixed

Incremented

The setting of the SAMOD bit is invalid when the MODE bit is 1 (repeat mode) and the RPTSEL bit is 1 (transfer
source is the repeat area).

Bit 1
RPTSEL Repeat area selection
0 Transfer destination is the repeat area.
1 Transfer source is the repeat area.
The setting of the RPTSEL bit is invalid when the MODE bit is 0 (normal mode).
Bit0
MODE Transfer mode selection

0 Normal mode
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DTC control register 6 setting

- DTC control register 6 (DTCCR®6)
Set to 8 bits (data size), chain transfers enabled, and normal mode (transfer mode).

Symbol: DTCCR6

7 6 5 4 3 2 1 0
Sz RPTINT | CHNE | DAMOD | SAMOD | RPTSEL | MODE
- 1 0 1 0 0 0 0
Bit 6
Sz Data size selection
0 8 bits
1 16 bits
Bit 5
RPTINT Enabling/disabling repeat mode interrupts
0 Interrupt generation disabled
1 Interrupt generation enabled
The setting of the RPTINT bit is invalid when the MODE bit is 0 (normal mode).
Bit 4
CHNE Enabling/disabling chain transfers
0 Chain transfers disabled
1 Chain transfers enabled

Set the CHNE bit in the DTCCR23 register to 0 (chain transfers disabled).

Bit 3
DAMOD Transfer destination address control
0 Fixed
Incremented

The setting of the DAMOD bit is invalid when the MODE bit is 1 (repeat mode) and the RPTSEL bit is O (transfer
destination is the repeat area).
Bit 2
SAMOD Transfer source address control
0 [Fixed

Incremented

The setting of the SAMOD bit is invalid when the MODE bit is 1 (repeat mode) and the RPTSEL bit is 1 (transfer
source is the repeat area).

Bit 1
RPTSEL Repeat area selection

0 Transfer destination is the repeat area.
1 Transfer source is the repeat area.

The setting of the RPTSEL bit is invalid when the MODE bit is 0 (normal mode).

Bit0

MODE Transfer mode selection
0 |Normal mode
1 Repeat mode
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DTC control register 7 setting

- DTC control register 7 (DTCCR?7)
Set to 8 bits (data size), chain transfers enabled, and normal mode (transfer mode).

Symbol: DTCCR7

7 6 5 4 3 2 1 0
Sz RPTINT | CHNE | DAMOD | SAMOD | RPTSEL | MODE
- 0 0 1 0 0 0 0
Bit 6
Sz Data size selection
0 (8 bits
Bit 5
RPTINT Enabling/disabling repeat mode interrupts
0 Interrupt generation disabled
1 Interrupt generation enabled
The setting of the RPTINT bit is invalid when the MODE bit is 0 (normal mode).
Bit 4
CHNE Enabling/disabling chain transfers
0 Chain transfers disabled
1 Chain transfers enabled

Set the CHNE bit in the DTCCR23 register to 0 (chain transfers disabled).

Bit 3
DAMOD Transfer destination address control
0 Fixed
1 Incremented

The setting of the DAMOD bit is invalid when the MODE bit is 1 (repeat mode) and the RPTSEL bit is O (transfer
destination is the repeat area).

Bit 2
SAMOD Transfer source address control
0 Fixed
1 Incremented

The setting of the SAMOD bit is invalid when the MODE bit is 1 (repeat mode) and the RPTSEL bit is 1 (transfer
source is the repeat area).

Bit 1
RPTSEL Repeat area selection

0 Transfer destination is the repeat area.
1 Transfer source is the repeat area.

The setting of the RPTSEL bit is invalid when the MODE bit is 0 (normal mode).

Bit0

MODE Transfer mode selection
0 |Normal mode
1 Repeat mode
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DTC control register 8 setting

- DTC control register 8 (DTCCRS)
Set to 8 bits (data size), chain transfers disabled, and normal mode (transfer mode).

Symbol: DTCCR8

7 6 5 4 3 2 1 0
Sz RPTINT | CHNE DAMOD | SAMOD | RPTSEL | MODE
- 0 0 0 0 0 0 0
Bit 6
Sz Data size selection
0 (8 bits
Bit 5
RPTINT Enabling/disabling repeat mode interrupts
0 Interrupt generation disabled
1 Interrupt generation enabled
The setting of the RPTINT bit is invalid when the MODE bit is 0 (normal mode).
Bit 4
CHNE Enabling/disabling chain transfers
0 |Chain transfers disabled
1 Chain transfers enabled
Set the CHNE bit in the DTCCR23 register to 0 (chain transfers disabled).
Bit 3
DAMOD Transfer destination address control
0 [Fixed
1 Incremented

The setting of the DAMOD bit is invalid when the MODE bit is 1 (repeat mode) and the RPTSEL bit is O (transfer
destination is the repeat area).

Bit 2
SAMOD Transfer source address control
0 Fixed
1 Incremented

The setting of the SAMOD bit is invalid when the MODE bit is 1 (repeat mode) and the RPTSEL bit is 1 (transfer
source is the repeat area).

Bit 1
RPTSEL Repeat area selection

0 Transfer destination is the repeat area.
1 Transfer source is the repeat area.

The setting of the RPTSEL bit is invalid when the MODE bit is 0 (normal mode).

Bit0

MODE Transfer mode selection
0 |Normal mode
1 Repeat mode
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DTC block size register 0 setting
- DTC block size register 0 (DTBLSO0)
Set the block size to 1 byte.

Symbol: DTBLSO

7 6 5 4 3 2 1 0
DTBLSO07 | DTBLS06 | DTBLS05 | DTBLS04 | DTBLS03 | DTBLS02 | DTBLS01 | DTBLS00
0 0 0 0 0 0 0 1
DTBLSO Transfer block size
8-bit transfer 16-bit transfer
01H |1 byte

DTC block size register 1 setting
- DTC block size register 1 (DTBLS1)
Set the block size to 2 bytes.

Symbol: DTBLS1

7 6 5 4 3 2 1 0
DTBLS17 | DTBLS16 | DTBLS15 | DTBLS14 | DTBLS13 | DTBLS12 | DTBLS11 | DTBLS10
0 0 0 0 0 0 0 1
DTBLS Transfer block size
8-bit transfer 16-bit transfer
01H 2 bytes
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DTC block size register 2 setting
- DTC block size register 2 (DTBLS2)

Set the block size to 2 bytes.
Symbol: DTBLS2

7 6 5 4 3 2 1 0
DTBLS27 | DTBLS26 | DTBLS25 | DTBLS24 | DTBLS23 [ DTBLS22 | DTBLS21 [ DTBLS20
0 0 0 0 0 0 0 1
DTBLSZ Transfer block size
8-bit transfer 16-bit transfer
01H 2 bytes
DTC block size register 3 setting
- DTC block size register 3 (DTBLS3)
Set the block size to 1 byte.
Symbol: DTBLS3
7 6 5 4 3 2 1 0
DTBLS37 | DTBLS36 | DTBLS35 | DTBLS34 | DTBLS33 [ DTBLS32 | DTBLS31 [ DTBLS30
0 0 0 0 0 0 0 1
DTBLS3 Transfer block size
8-bit transfer 16-bit transfer
01H |1 byte
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DTC block size register 4 setting
- DTC block size register 4 (DTBLS4)

Set the block size to 2 bytes.
Symbol: DTBLS4

7 6 5 4 3 2 1 0
DTBLS47 | DTBLS46 | DTBLS45 | DTBLS44 | DTBLS43 | DTBLS42 | DTBLS41 | DTBLS40
0 0 0 0 0 0 0 1
DTBLS4 Transfer block size
8-bit transfer 16-bit transfer
01H 2 bytes
DTC block size register 5 setting
- DTC block size register 5 (DTBLS5)
Set the block size to 2 bytes.
Symbol: DTBLS5
7 6 5 4 3 2 1 0
DTBLS57 | DTBLS56 | DTBLS55 | DTBLS54 | DTBLS53 | DTBLS52 | DTBLS51 | DTBLS50
0 0 0 0 0 0 0 1
DTBLS5 Transfer block size
8-bit transfer 16-bit transfer
01H 2 bytes
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DTC block size register 6 setting
- DTC block size register 6 (DTBLS6)
Set the block size to 2 bytes.

Symbol: DTBLS6

7 6 5 4 3 2 1 0
DTBLS67 | DTBLS66 | DTBLS65 | DTBLS64 | DTBLS63 | DTBLS62 | DTBLS61 [ DTBLS60
0 0 0 0 0 0 0 1
DTBLSE Transfer block size
8-bit transfer 16-bit transfer
01H 2 bytes
DTC block size register 7 setting
- DTC block size register 7 (DTBLS7)
Set the block size to 1 byte.
Symbol: DTBLS7
7 6 5 4 3 2 1 0
DTBLS77 | DTBLS76 | DTBLS75 | DTBLS74 | DTBLS73 | DTBLS72 | DTBLS71 [ DTBLS70
0 0 0 0 0 0 0 1
DTBLS7 Transfer block size
8-bit transfer 16-bit transfer
01H [1 byte
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DTC block size register 8 setting
- DTC block size register 8 (DTBLS8)
Set the block size to 1 byte.

Symbol: DTBLS8

7 6 5 4 3 2 1 0
DTBLS87 | DTBLS86 | DTBLS85 | DTBLS84 | DTBLS83 | DTBLS82 | DTBLS81 | DTBLS80
0 0 0 0 0 0 0 1
DTBLSS Transfer block size
8-bit transfer 16-bit transfer
01H |1 byte

RO1AN2231EJ0100 Rev. 1.00

Dec. 01, 2015

RENESAS

Page 75 of 116



RL78/11D

Low Power Consuming Intermittent Operation of ADC Using DTC

DTC transfer count register 0 setting
- DTC transfer count register 0 (DTCCTO)
Set the number of DTC data transfers to once.

Symbol: DTCCTO
7 6 5 4 3 2 1 0
DTCCTO7 |DTCCTO06 |DTCCTO05|DTCCTO04 [DTCCT03|DTCCT02 |DTCCT01|DTCCTO00
0 0 0 0 0 0 0 1
DTCCTO Number of transfers
O00H 256 times
01H ([Once
02H 2 times
DTC transfer count register 1 setting
- DTC transfer count register 1 (DTCCT1)
Set the number of DTC data transfers to once.
Symbol: DTCCT1
7 6 5 4 3 2 1 0
DTCCT17|DTCCT16 |DTCCT15|DTCCT14 [DTCCT13|DTCCT12|DTCCT11|DTCCT10
0 0 0 0 0 0 0 1
DTCCT1 Number of transfers
O00H 256 times
01H ([Once
02H 2 times
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DTC transfer count register 2 setting
- DTC transfer count register 2 (DTCCT2)
Set the number of DTC data transfers to 4 times.

Symbol: DTCCT2

7 6 5 4 3 2 1 0
DTCCT27 |DTCCT26 |DTCCT25|DTCCT24 [DTCCT23|DTCCT22|DTCCT21|DTCCT20
0 0 0 0 0 1 0 0

DTCCT2 Number of transfers
O0OH 256 times
01H Once
02H 2 times
04H (4 times
DTC transfer count register 3 setting
- DTC transfer count register 3 (DTCCT3)
Set the number of DTC data transfers to 4 times.
Symbol: DTCCT3
7 6 5 4 3 2 1 0
DTCCT37|DTCCT36 |DTCCT35|DTCCT34 |DTCCT33|DTCCT32|DTCCT31|DTCCT30
0 0 0 0 0 1 0 0
DTCCT3 Number of transfers
00OH 256 times
01H Once
02H 2 times
04H (4 times
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DTC transfer count register 4 setting
- DTC transfer count register 4 (DTCCT4)
Set the number of DTC data transfers to 4 times.

Symbol: DTCCT4

7 6 5 4 3 2 1 0
DTCCT47 |DTCCT46 |DTCCT45|DTCCT44 |DTCCT43|DTCCT42|DTCCT41|DTCCT40
0 0 0 0 0 1 0 0
DTCCT4 Number of transfers

O00H 256 times
01H Once
02H 2 times
04H [4 times

DTC transfer count register 5 setting
- DTC transfer count register 5 (DTCCT5)

Set the number of DTC data transfers to 4 times.

Symbol: DTCCT5

7 6 5 4 3 2 1 0
DTCCT57 |DTCCT56 [DTCCT55 | DTCCT54 [DTCCT53 |DTCCT52 [DTCCT51 | DTCCT50
0 0 0 0 0 1 0 0
DTCCT5 Number of transfers
00OH 256 times
01H Once
02H 2 times
04H (4 times
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DTC transfer count register 6 setting
- DTC transfer count register 6 (DTCCT6)

Set the number of DTC data transfers to 4 times.

Symbol: DTCCT6

7 6 5 4 3 2 1 0
DTCCT67 |DTCCT66 |DTCCT65|DTCCT64 |DTCCT63|DTCCT62|DTCCT61|DTCCT60
0 0 0 0 0 1 0 0
DTCCT6 Number of transfers

O00H 256 times
01H Once
02H 2 times
04H [4 times

DTC transfer count register 7 setting
- DTC transfer count register 7 (DTCCT7)

Set the number of DTC data transfers to 4 times.

Symbol: DTCCT7

7 6 5 4 3 2 1 0
DTCCT77 |DTCCT76 [DTCCT75|DTCCT74 [DTCCT73|DTCCT72|(DTCCT71|DTCCT70
0 0 0 0 0 1 0 0
DTCCT7 Number of transfers
00OH 256 times
01H Once
02H 2 times
04H (4 times
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DTC transfer count register 8 setting
- DTC transfer count register 8 (DTCCT8)

Set the number of DTC data transfers to 4 times.

Symbol: DTCCT8

7 6 5 4 3 2 1 0
DTCCT87 |DTCCT86 ([DTCCT85|DTCCT84 [DTCCT83|DTCCT82|(DTCCT81|DTCCT80
0 0 0 0 0 1 0 0
DTCCT8 Number of transfers
O00H 256 times
01H Once
02H 2 times
04H [4 times
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DTC transfer count reload register 0 setting

- DTC transfer count reload register 0 (DTRLDO)
Set the transfer reload count to once.

Symbol: DTRLDO

7 6 5 4 3 2 1 0
DTRLDO7 | DTRLDO6 | DTRLDO05 | DTRLDO04 | DTRLDO3 | DTRLDO02 | DTRLDO1 | DTRLD0OO
0 0 0 0 0 0 0 1
DTC transfer count reload register 1 setting
- DTC transfer count reload register 1 (DTRLD1)
Set the transfer reload count to zero.
Symbol: DTRLD1
7 6 5 4 3 2 1 0
DTRLD17 |DTRLD16 | DTRLD15 | DTRLD14 | DTRLD13 | DTRLD12 | DTRLD11|DTRLD10
0 0 0 0 0 0 0 0
DTC transfer count reload register 2 setting
- DTC transfer count reload register 2 (DTRLD2)
Set the transfer reload count to 4 times.
Symbol: DTRLD2
7 6 5 4 3 2 1 0
DTRLD27 | DTRLD26 | DTRLD25 | DTRLD24 | DTRLD23 | DTRLD22 | DTRLD21 | DTRLD20
0 0 0 0 0 1 0 0
DTC transfer count reload register 3 setting
- DTC transfer count reload register 3 (DTRLD3)
Set the transfer reload count to zero.
Symbol: DTRLD3
7 6 5 4 3 2 1 0
DTRLD37 | DTRLD36 | DTRLD35 | DTRLD34 [ DTRLD33 | DTRLD32 | DTRLD31 | DTRLD30
0 0 0 0 0 0 0 0
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DTC transfer count reload register 4 setting

- DTC transfer count reload register 4 (DTRLD4)
Set the transfer reload count to zero.

Symbol: DTRLD4

7 6 5 4 3 2 1 0
DTRLD47 | DTRLD46 | DTRLD45 | DTRLD44 | DTRLD43 | DTRLD42 | DTRLD41 | DTRLD40
0 0 0 0 0 0 0 0
DTC transfer count reload register 5 setting
- DTC transfer count reload register 5 (DTRLDS5)
Set the transfer reload count to zero.
Symbol: DTRLD5
7 6 5 4 3 2 1 0
DTRLD57 | DTRLD56 | DTRLD55 | DTRLD54 | DTRLD53 | DTRLD52 | DTRLD51 | DTRLD50
0 0 0 0 0 0 0 0
DTC transfer count reload register 6 setting
- DTC transfer count reload register 6 (DTRLDG6)
Set the transfer reload count to zero.
Symbol: DTRLD6
7 6 5 4 3 2 1 0
DTRLD67 | DTRLD66 | DTRLD65 | DTRLD64 | DTRLD63 [ DTRLD62 | DTRLD61 | DTRLD60
0 0 0 0 0 0 0 0
DTC transfer count reload register 7 setting
- DTC transfer count reload register 7 (DTRLD7)
Set the transfer reload count to zero.
Symbol: DTRLD7
7 6 5 4 3 2 1 0
DTRLD77 |DTRLD76 | DTRLD75 | DTRLD74 | DTRLD73 | DTRLD72 | DTRLD71 | DTRLD70
0 0 0 0 0 0 0 0
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DTC transfer count reload register 8 setting

- DTC transfer count reload register 8 (DTRLD8)
Set the transfer reload count to zero.

Symbol: DTRLD8

7 6 5 4 3 2 1 0
DTRLD87 [DTRLD86 | DTRLD85 [ DTRLD84 | DTRLD83 | DTRLD82 [ DTRLD81 | DTRLD80
0 0 0 0 0 0 0 0
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DTC source address register 0 setting

- DTC source address register 0 (DTSARO).
Set the transfer destination address to “FDOOH”".

Symbol: DTSARO

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
pTs | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS
ARO [ ARO [ ARO | ARO | ARO | ARO | ARO | ARO | ARO | ARO | ARO | ARO | ARO [ ARO [ ARO | ARO
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 0 1 0 0 0 0 0 0 0 0
DTC source address register 1 setting
- DTC source address register 1 (DTSAR1)
Set the transfer destination address to “FD04H".
Symbol: DTSAR1
1 0

15 14 13 12 11 10
DTs | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS
AR1 | AR1 | AR1 | AR1 [ AR1 [ AR1 | AR1 | AR1 | AR1 | AR1 | AR1 | AR1 | AR1
15 14 13 12 11 10 9 8 7 6

1 1 1 1 1 1 0 1 0 0

DTS | DTS | DTS | DTS | DTS | DTS
AR1 | AR1 | AR1

DTC source address register 2 setting

- DTC source address register 2 (DTSAR2)
Set the transfer destination address to “FF1EH".

Symbol: DTSAR2
15 14 13 12 1 10 9 8 7

DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS
AR2 | AR2 | AR2 | AR2 | AR2 [ AR2 [ AR2 | AR2

AR2 | AR2 | AR2 | AR2 | AR2 [ AR2 [ AR2 | AR2
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 0 1 1 1 1 0

DTC source address register 3 setting
- DTC source address register 3 (DTSAR3)
Set the transfer destination address to “FDO2H”.
Symbol: DTSAR3
12 11 10 9 8 7 6 5

DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS
AR3 | AR3 | AR3 | AR3 | AR3

15 14 13
DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS
AR3 | AR3 | AR3 | AR3 | AR3 [ AR3 | AR3 | AR3 | AR3 | AR3 | AR3

15 | 14 | 13 [ 12 | 11 | 10 9 8
1 1 1 1 1 1 0 1
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DTC source address register 4 setting

- DTC source address register 4 (DTSAR4)
Set the transfer destination address to “FDO6H".

Symbol: DTSAR4

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

pTs | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS
AR4 | AR4 | AR4 | AR4 | AR4 | AR4 [ AR4 | AR4 | AR4 | AR4 | AR4 | AR4 | AR4 | AR4 [ AR4 | AR4

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 0 1 0 0 0 0 0 1 1

DTC source address register 5 setting

- DTC source address register 5 (DTSAR5)
Set the transfer destination address to “FF1EH".

Symbol: DTSARS

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

pTs | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS
AR5 | AR5 | AR5 | AR5 | AR5 | AR5 [ AR5 [ AR5 | AR5 | AR5 | AR5 | ARS | AR5 | AR5 | AR5 | AR5

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 0 0 0 1 1 1 1

DTC source address register 6 setting

- DTC source address register 6 (DTSARG)
Set the transfer destination address to “FDOCH”.

Symbol: DTSAR6

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

pTs | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS
AR6 | AR6 | AR6 | AR6 | AR6 | AR6 [ AR6 | AR6 | AR6 | AR6 | AR6 | AR6 | AR6 | AR6 [ ARG | ARG

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 0 1 0 0 0 0 1 1 0

DTC source address register 7 setting

- DTC source address register 7 (DTSAR7)
Set the transfer destination address to “FDO8H”".

Symbol: DTSAR7

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

pTs | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS
AR7 | AR7 | AR7 | AR7 | AR7 | AR7 [ AR7 | AR7 | AR7 | AR7 | AR7 | AR7 | AR7 | AR7 [ AR7 | AR7

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 0 1 0 0 0 0 1 0 0
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DTC source address register 8 setting

- DTC source address register 8 (DTSARS8)
Set the transfer destination address to “FDOAH".

Symbol: DTSARS

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

pTs | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS | DTS
AR8 | AR8 | AR8 | AR8 | AR8 | AR8 [ AR8 [ AR8 | AR8 | AR8 | AR8 | AR8 | AR8 | AR8 [ AR8 | ARS8

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 0 1 0 0 0 0 1 0 1 0
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DTC destination address register 0 setting
- DTC destination address register 0 (DTDARO)
Set the transfer source address to “FFO5H".
Symbol: DTDARO
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

pDTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD

15 14 | 13 | 150 | 11 10| 9 8 7 6 5
1 1 1 1 1 1 1 1 0 0 0 0 0 1 0 1

DTC destination address register 1 setting
- DTC destination address register 1 (DTDAR1)
Set the transfer source address to “FF90H".
Symbol: DTDAR1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

pDTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD
AR1 AR1 AR1 AR1 AR1 AR1 AR1 AR1 AR1 AR1 AR1 AR1 AR1 AR1 AR1 AR1

15 14 | 13 | 150 | 11 10| 9 8
1 1 1 1 1 1 1 1 1 0 0 1 0 0 0 0

DTC destination address register 2 setting
- DTC destination address register 2 (DTDAR2)
Set the transfer source address to “FC04H”.
Symbol: DTDAR2
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

pDTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD
AR2 AR2 AR2 AR2 AR2 AR2 AR2 AR2 AR2 AR2 AR2 AR2 AR2 | AR2 AR2 AR2

15 14 | 13 | 150 | 11 10| 9 8 7 6
1 1 1 1 1 1 0 0 0 0 0 0 0 1 0 0

DTC destination address register 3 setting
- DTC destination address register 3 (DTDAR3)
Set the transfer source address to “FFO5H”.
Symbol: DTDAR3
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

pDTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD

15 14 | 13 | 150 | 11 10| 9 8 7
1 1 1 1 1 1 1 1 0 0 0 0 0 1 0 1
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DTC destination address register 4 setting

- DTC destination address register 4 (DTDAR4)
Set the transfer source address to “FF90H".

Symbol: DTDAR4

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
pTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD
AR4 AR4 | AR4 AR4 AR4 AR4 AR4 AR4 | AR4 AR4 | AR4 AR4 | AR4 | AR4 AR4 AR4

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

1 1 1 1 1 1 1 1 1 0 0 1 0 0 0 0
DTC destination address register 5 setting
- DTC destination address register 5 (DTDARS5)
Set the transfer source address to “0512H".
Symbol: DTDARS
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
pTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD
AR5 AR5 [ AR5 AR5 AR5 AR5 AR5 AR5 | AR5 AR5 | AR5 AR5 | AR5 | AR5 AR5 AR5
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0
DTC destination address register 6 setting
- DTC destination address register 6 (DTDARG)
Set the transfer source address to “0514H”.
Symbol: DTDAR6
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
pTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 0 0 0 1 0 1 0 0 0 1 0 1 0 0
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DTC destination address register 7 setting

- DTC destination address register 7 (DTDAR7)
Set the transfer source address to “0010H".

Symbol: DTDAR7

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
pTp | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD
AR7 AR7 AR7 AR7 AR7 AR7 AR7 AR7 | AR7 AR7 | AR7 AR7 | AR7 | AR7 AR7 AR7

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

DTC destination address register 8 setting
- DTC destination address register 8 (DTDARS8)
Set the transfer source address to “0010H”.
Symbol: DTDARS
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
pTp | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD | DTD
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
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5.7.10 ELC Initialization

Figure 5.13 is a flowchart for initial setting of the ELC.

R_ELC_Create ()

Set op. amp. operat_lon by the 8-bit ELSELR10 register  04H
interval timer ELSEL103 to ELSEL100 bits = 0100B: Operational amplifier 0
return

Figure 5.13 Initial Setting of the ELC

Operational amplifier operation setting by the 8-bit interval timer

- Event output destination select register 10 (ELSELR10)
Set operation start of the operational amplifiers by compare match of the 8-bit interval timer.

Symbol: ELSELR10

7 6 5 4 3 2 1 0
0 0 ELSEL103 | ELSEL102 | ELSEL101 | ELSEL100
X X X 0 1 0 0
Bits 3to 0
Bit 3 Bit 2 Bit 1 Bit 0 | Event link selection of 8-bit interval timer 0 selection

0 0 0 0 Event link disabled

0 0 0 1 Select operation of peripheral function 1 to link

0 0 1 0 Select operation of peripheral function 2 to link

0 0 1 1 Select operation of peripheral function 3 to link

Peripheral function to link:
0 1 0 0 operational amplifier 0
Operation at event acceptance:
Operation start

0 Select operation of peripheral function 5 to link

0 1 1 0 Select operation of peripheral function 6 to link

0 1 1 1 Select operation of peripheral function 7 to link

Other than above Setting prohibited
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5.7.11 DOC Initialization
Figure 5.14 is a flowchart for initial setting of DOC.

< R_DOC_Create() >

Reset the DOC

Release the DOC reset

PRR2 register
DOCRES bit « 1: The data operation circuit is in the reset status.

PRR2 register

DOCRES bit « 0: The data operation circuit reset is released.

Supply clock to the DOC PER register

DOCEN bit « 1: Supply input clock.

Disable DOC interrupts MK1H register

DOCMK bit « 1: Disable INTDOC interrupt servicing

Clear DOC interrupt request flag IF1H register

DOCIF bit « 0: Clear the interrupt request flag

PRO1H register
DOCPRO bit « 1

PR11H register
DOCPR1 bit « 1

Set the priority level of DOC
interrupt to 3

Set DOC control DOCR register « 11H:

DOPCIE bit = 1: Enable interrupts from the data operation circuit
OMS1-0 bits = 01B: Data addition mode

Set the initial value of DOC DODSR register — R_DOC_OFFSET

Clear the DOPCEF flag DOCR register

DOPCFCL bit < 1: Clear the DOPCEF flag.

IF1H register

Clear the DOC interrupt request _ _
DOCIF bit « 0: Clear the interrupt request flag

flag

Enable DOC interrupts MK1H register

DOCMK bit < 0: Enable INTIT interrupt servicing

< return >

Figure 5.14 Initial Setting of the DOC
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DOC reset
- Peripheral reset control register 2 (PRR2)
Reset DOC.
Symbol: PRR2
7 6 5 4 3 2 1
TMKARES 0 DOCRES 0 0 0 0
X X 1 X X X X
Bit 5
DOCRES Reset control of data operation circuit
0 The data operation circuit reset is released.
1 The data operation circuit is in the reset status.

DOC reset release

- Peripheral reset control register 2 (PRR2)
Release the DOC reset status.

Symbol: PRR2

7 6 5 4 3 2 1
TMKARES 0 DOCRES 0 0 0 0
X X 0 X X X X
Bit 5

DOCRES Reset control of data operation circuit
0 The data operation circuit reset is released.
1 The data operation circuit is in the reset status.
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DOC clock supply start
- Peripheral enable register 2 (PER2)
Start DOC clock supply.

Symbol: PER2

7 6 5 4 3 2 1 0
TMKAEN [ FMCEN | DOCEN 0 0 0 0 0
X X 1 X X X X X
Bit 5
DOCEN Control of data operation circuit input clock supply
0 Stops input clock supply.
1 Supplies input clock.
DOC interrupt setting
- Interrupt mask flag register (MK1H)
Disable interrupt servicing.
- Interrupt request flag register (IF1H)
Clear the interrupt request flag.
Symbol: MK1H
7 6 5 4 3 2 1 0
0 DOCMK | CMPMK1 [ CMPMKO [ KRMK | TMKAMK | RTCMK | ADMK
1
Bit 6
DOCMK Interrupt servicing control
0 Interrupt servicing enabled
1 Interrupt servicing disabled
Symbol: IF1H
7 6 5 4 3 2 1 0
0 DOCIF | CMPIF1 | CMPIFO KRIF TMKAIFI | RTCIF ADIF
0
Bit 6
DOCIF Interrupt request flag
0 No interrupt request signal is generated.
1 Interrupt request is generated, interrupt request status
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Data operation circuit interrupt priority level setting

- Priority specification flag register (PR11H, PRO1H)

Specify level 3 (low priority level).

Symbol: PR11H

7 6 5 4 3 2 1 0
0 DOCPR1 [CMPPR11|CMPPR10| KRPR1 |TMKAPR1| RTCPR1 | ADPR1
1
Symbol: : PROTH
7 6 5 4 3 2 1 0
0 DOCPRO [CMPPR01|CMPPR00| KRPRO |TMKAPRO| RTCPRO [ ADPRO
1
Bit 6
DOCPR1 | DOCPRO Priority level selection
1 1 Specify level 3 (low priority level)
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Data operation circuit control setting
- DOC control register (DOCR)

Select the data addition mode and enable interrupts form the data operation circuit.

Symbol: DOCR
6 5 4 3 2 1 0
DOPCFCL | DOPCF | DOPCIE DCSEL OMSH1 OMSO0
X X X 1 X X 0 1
Bit 4
DOPCIE Data operation circuit interrupt enabling
0 Disables interrupts from the data operation circuit.
1 Enables interrupts from the data operation circuit.
Bits 1to 0
OMS1 | OMSO0 Operating mode selection
0 0 Data comparison mode
1 Data addition mode
1 0 Data subtraction mode
1 1 Setting prohibited

Data operation circuit initial value setting

- DOC data setting register (DODSR)
Set an initial value of the data operation circuit.

Symbol: DODSR

15 14 13 12 11 10 9 8 7 5 4 1 0
[1 1 [1[1[of1]ofof]1]ofJoJoJofof1fol]
Bit 15 to bit 0

Function

In data addition mode and data subtraction mode, the operation result is stored.
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DOPCEF flag clear

- DOC control register (DOCR)
Clear the DOPCEF flag.

Symbol: DOCR
6 5 4 3 2 1 0
DOPCFCL | DOPCF | DOPCIE DCSEL OMSH1 OMSO0
X 1 X X X X X X
Bit 6
DOPCFCL DOPCF clear
0 Maintains the DOPCEF flag state.
1 Clears the DOPCF flag.
DOC interrupt setting
- Interrupt request flag register (IF1H)
Clear the interrupt request flag.
- Interrupt mask flag register (MK1H)
Enable interrupt servicing.
Symbol: IF1H
7 6 5 4 3 2 1 0
0 DOCIF | CMPIF1 | CMPIFO KRIF TMKAIFI | RTCIF ADIF
0
Bit 6
DOCIF Interrupt request flag
0 No interrupt request signal is generated.
1 Interrupt request is generated, interrupt request status
Symbol: MK1H
7 6 5 4 3 2 1 0
0 DOCMK | CMPMK1 [ CMPMKO [ KRMK [ TMKAMK | RTCMK | ADMK
0
Bit 6
DOCMK Interrupt servicing control
0 Interrupt servicing enabled
1 Interrupt servicing disabled
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5.7.12 Main Processing

Figure 5.15 is a flowchart of main processing.

< ma|in() >

Main initial setting
R_MAIN_Userlnit()

»
»

P137 low level is
detected?

DTCO activation
R_DTCDO_Start()

DTC2 activation
R_DTCD2_Start()

I
A/D voltage comparator
operation start
R_ADC_Set OperationOn ()
[

A/D converter SNOOZE
function start
R_ADC_Set_SnoozeOn()
|
Op. amp. 0 operation start
R_OPAMPOQ_Start()

Op. amp. 1 operation start
R_OPAMP1_Start()

8-bit IT count start
R _IT8BITO_CHANNELO_ St
art ()

Transit to the STOP mode

- After DTC transfer ends, A/D conversion
starts. When a data operation circuit
interrupt is generated due to the result of

the A/D conversion, the system returns from
STOP mode.

A\ A

Figure 5.15 Main Processing
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5713 Main Initialization

Figure 5.16 shows a flowchart for main initial setting.

( R_MAIN_Userlnit() >

Enable maskable interrupts

Initialize the variable:
g_dtc_gpio_p57_off

Initialize the variable:
g_dtc_gpio_p57_on

Initialize the variable: g_dtc_it_start

Initialize the variable: g_dtc_it_stop

Initialize the variable:
g_dtc_adc_awc_clear

Initialize the variable:
g_dtc_adc_awc_set

Initialize the variable:
g_dtc_doc_dodsr_value

Initialize the variable:
g_dtc_adc_adinput[0] to [4]

A 4

< return >

IE 1

g_dtc_gpio_p57_off « O0H

g_dtc_gpio_p57_on «— 80H

g_dtc_it_start — 8FFFH

g_dtc_it_stop «— 0000H

g_dtc_adc_awc_clear « 00H

g_dtc_adc_awc_set < 04H

g_dtc_doc_dodsr_value —R_DOC_OFFSET

g_dtc_adc_adinput[0] to [3] < 0000H

Figure 5.16 Main Initial Setting
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5.7.14  DTCO Activation
Figure 5.17 is a flowchart for DTCO activation.

C R_DTCDO_Start() >
DTCEN2 register

Activate DTCO DTCEN26 bit — 1: Activation enabled

Y

< return >

Figure 5.17 DTCO Activation

DTCO activation

- DTC activation enable register (DTCENZ2)
Enable DTC activation by 8-bit IT.

Symbol: DTCEN2

7 6 5 4 3 2 1 0
DTCEN27 |DTCEN26 [DTCEN25|DTCEN24 |DTCEN23 [DTCEN22 | DTCEN21 [DTCEN20
X 1 X X X X X X

Bit 6
DTCEN26 DTC activation enable 26
1 Activation enabled
Note

1. For details on register settings, refer to RL78/11D User's Manual: Hardware.
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5.7.15 DTC2 Activation
Figure 5.18 is a flowchart for DTC2 activation.

C R_DTCD2_Start() >
DTCENT1 register

Activate DTC2 DTCEN16 bit — 1: Activation enabled

Y

< return >

Figure 5.18 DTC2 Activation
DTC2 activation

- DTC activation enable register (DTCEN1)
Enable DTC activation by A/D conversion end.

Symbol: DTCEN1

7 6 5 4 3 2 1 0
DTCEN17 [DTCEN16 |DTCEN15[DTCEN14 |DTCEN13[DTCEN12|DTCEN11|DTCEN10
X 1 X X X X X X

Bit 6
DTCEN16 DTC activation enable 16
1 Activation enabled
Note

1. For details on register settings, refer to RL78/11D User's Manual: Hardware.
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5.7.16 A/D Voltage Comparator Operation Start

Figure 5.19 shows a flowchart to start A/D voltage comparator operation.

C R_ADC_Set OperationOn D

Start A/D voltage comparator ADMO register
operation ADCE bit «1: Enable A/D voltage comparator operation

y

C return >

Figure 5.19 A/D Voltage Comparator Operation Start

A/D voltage comparator operation start

- A/D converter mode register 0 (ADMO)
Control A/D voltage comparator operation.

Symbol: ADMO
7 6 5 4 3 2 1 0
ADCS ADMD FR2 FR1 FRO LV1 LVvO ADCE
X X X X X X X 1
Bit 0
ADCE A/D voltage comparator operation control
0 Stops A/D voltage comparator operation
1 Enables A/D voltage comparator operation
Note

1. For details on register settings, refer to RL78/11D User's Manual: Hardware.
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5717 A/D Converter SNOOZE Function Start

Figure 5.20 is a flowchart to start the SNOOZE function of the A/D converter.

C R_ADC_Set_SnoozeOn()>

Enable SNOOZE operation

A 4

return

D

ADM2 register

AWC bit «1: The SNOOZE mode function is used.

SNOOZE mode operation start

- A/D converter mode register 2 (ADM2)

Start SNOOZE mode operation.

Figure 5.20 A/D Converter’'s SNOOZE Function Start

Symbol: ADM2
7 6 5 3 2 0
ADREFP1|ADREFPO | ADREFM ADRCK AWC ADYTP
X X X X 1 X
Bit 2
AWC Specification of the SNOOZE mode
1 The SNOOZE mode function is used.
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5.7.18  Operational Amplifier 0 Operation Start

Figure 5.21 is a flowchart to start operation of the operational amplifier O.

C R_OPAMPO_Start() >

Start the op. amp. 0 operation AMPC register
AMPEO bit < 1: Wait for ELC is enabled.

< return >

Figure 5.21 Operational Amplifier 0 Operation Start

Operational amplifier O operation start

- Operational amplifier control register (AMPC)
Start operation of the operational amplifier 0.

Symbol: AMPC
7 6 5 4 3 2 1 0

IREFE 0 0 0 AMPE3 | AMPE2 | AMPE1 | AMPEO
X X X X X X X 1

Bit 0

AMPEOQO Operation control of operational amplifier

1 Software trigger mode: Operation of operational amplifier is enabled.
ELC trigger mode or ELC and A/D trigger mode: Wait for ELC is enabled.
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5.7.19

Operational Amplifier 1 Operation Start
Figure 5.22 is a flowchart to start operation of the operational amplifier 1.

C R_OPAMP1_Start() >

Start op. amp. 1 operation AMPC register
AMPE1 bit — 1: Wait for ELC is enabled.

A 4

C return >

Figure 5.22 Operational Amplifier 1 Operation Start

Operational amplifier 1 operation start

- Operational amplifier control register (AMPC)
Start operation of the operational amplifier 1.

Symbol: AMPC
7 6 5 4 3 2 1 0
IREFE 0 0 AMPE3 | AMPE2 | AMPE1 | AMPEO
X X X X X X 1 X
Bit 1
AMPE1 Operation control of operational amplifier
1 Software trigger mode: Operation of operational amplifier is enabled.

ELC trigger mode or ELC and A/D trigger mode: Wait for ELC is enabled.
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5.7.20 8-bit Interval Timer Count Start

Figure 5.23 is a flowchart to start count by the 8-bit interval timer.

C{_IT8BITO_CHANNELO_Sta@

Clear the 8-bit IT interrupt request

IF2L register

flag ITIFOO bit « 0: Clear the interrupt request flag
. . MK2L register
Enable 8-bit IT interrupts ITMKOO bit < 0: INTITOO interrupt servicing enabled
. TRTCRO register
Start 8-bit IT count TSTARTOO bit < 1: Count starts.

< return >

Figure 5.23 8-bit Interval Timer Count Start
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8-bit interval timer interrupt setting

- Interrupt request flag register (IF2L)
Clear the interrupt request flag.

- Interrupt request flag register (MK2L)
Enable interrupt servicing.

Symbol: IF2L
7 6 5 4 3 2 1 0
FLIF 0 0 0 ITIF11 ITIF10 ITIFO1 ITIFOO
X X X X X X X 0
Bit 0
ITIFOO Interrupt request flag
0 No interrupt request signal is generated.
1 Interrupt request is generated, interrupt request status
Symbol: MK2L
7 6 5 4 3 2 1 0
FLMK 0 0 0 ITMK11 | ITMK10 | ITMKO1 | ITMKOO
X X X X X X X 0
Bit 0
ITMKOO Interrupt servicing control
0 Interrupt servicing enabled
1 Interrupt servicing disabled
Note

1. For details on register settings, refer to RL78/11D User's Manual: Hardware.

8-bit interval timer count start setting

- 8-bit interval timer control register 0 (TRTCRO)
Start counting by the 8-bit interval timer.

Symbol: TRTCRO

7 6 5 4 3 2 1 0
TSTARTO TSTARTO
TCSMDO 0 0 TCLKENO 0 1 0 0
X X X X X X X 1
Bit 0
TSTARTO00 8-bit interval timer 0 count start
0 Count stops.
1 Count starts.
Note

1. For details on register settings, refer to RL78/11D User's Manual: Hardware.
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5.7.21 Data Operation Circuit Interrupt Servicing

Figure 5.24 is a flowchart of main processing.

C

main() >

Data operation circuit flag
clear
R_DOC_ClearFlag ()

A/D converter
SNOOZE function stop

R_ADC_Set_SnoozeOff()
[

A/D voltage comparator
operation stop
R_ADC_Set_OperationOff ()

DTCO stop
R_DTCDO_Stop()

DTC2 stop
R_DTCD2_Stop()

8-bit IT count stop
R_IT8Bit0_Channel0_Stop()

Figure 5.24 Data Operation Circuit Interrupt Servicing
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5.7.22 Data Operation Circuit Flag Clear
Figure 5.25 shows a flowchart to clear the data operation circuit flag.

< R_DOC_ClearFlag () >

Clear the data operation circuit
flag

A

C return >

DOCR register
DOPCFCL bit <1: Clear the DOPCF flag

Figure 5.25 Data Operation Circuit Flag Clear

Data operation circuit flag clear

- DOC control register (DOCR)
Set the SNOOZE mode.

Symbol: DOCR
7 6 5 4 3 2 1 0
0 DOPCFCL | DOPCF | DOPCIE 0 DCSEL OMS1 OMSO0
X 1 X X X X X X
Bit 2
DOPCFCL DOPCF clear
0 Maintains the DOPCEF flag state.
1 Clears the DOPCEF flag.
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5.7.23 A/D Converter SNOOZE Function Stop
Figure 5.26 shows a flowchart to stop the SNOOZE function of the A/D converter.

C R_ADC_Set_SnoozeOff()>

Release the SNOOZE mode

A

C return >

ADM2 register

AWC bit « 0: The SNOOZE mode function is not used.

Figure 5.26 A/D Converter’s SNOOZE Function Stop

SNOOZE mode setting

- A/D converter mode register 2 (ADM2)
Specify the SNOOZE mode function.

Symbol: ADM2
7 6 5 4 3 2 0
ADREFP1|ADREFPO| ADREFM ADRCK AWC ADYTP
X X X X X 0 X
Bits 2
AWC Specification of the SNOOZE mode

0 The SNOOZE mode function is not used.

1 The SNOOZE mode function is used.
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5.7.24 A/D Voltage Comparator Operation Stop

Figure 5.27 shows a flowchart to stop operation of the A/D voltage comparator.

R_ADC_Set_OperationOn ()

Stop A/D voltage comparator ADMO register
operation

ADCE bit « 0: Stop A/D voltage comparator operation

y

C return >

Figure 5.27 A/D Voltage Comparator Operation Stop

A/D voltage comparator operation start

- A/D converter mode register 0 (ADMO)
Control A/D voltage comparator operation.

Symbol: ADMO

7 6 5 4 3 2 1 0
ADCS ADMD FR2 FR1 FRO LV1 LVO ADCE

X X X X X X X 0

Bit 0
ADCE A/D voltage comparator operation control
0 Stops A/D voltage comparator operation
1 Enables A/D voltage comparator operation

Note

1. For details on register settings, refer to RL78/11D User's Manual: Hardware.

RO1AN2231EJ0100 Rev. 1.00 Page 110 of 116
Dec. 01, 2015 RENESAS



RL78/11D Low Power Consuming Intermittent Operation of ADC Using DTC

5.7.25 DTCO Stop
Figure 5.28 is a flowchart to stop the DTCO.

C R_DTCDO_Stop() >
DTCEN2 register

Stop DTCO DTCEN26 bit — 0: Activation
disabled

Y

< return >

Figure 5.28 DTCO Stop

DTCO stop

- DTC activation enable register (DTCENZ2)
Disable DTC activation by 8-bit IT.

Symbol: DTCEN2

7 6 5 4 3 2 1 0
DTCEN27 ([DTCEN26 |DTCEN25[DTCEN24 |DTCEN23 [DTCEN22|DTCEN21|DTCEN20
X 0 X X X X X X

Bit 6
DTCEN26 DTC activation enable 26
0 Activation disabled
1 Activation enabled
Note

1. For details on register settings, refer to RL78/11D User's Manual: Hardware.
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5.7.26 DTC2 Stop
Figure 5.29 is a flowchart to stop the DTC2.

C R_DTCD2_Start() >
DTCENT1 register

Stop DTC2 DTCEN16 bit < 0: Activation
disabled

Y

< return >

Figure 5.29 DTC2 Stop
DTC2 stop

- DTC activation enable register (DTCEN1)
Disable DTC activation by A/D conversion end.

Symbol: DTCEN1

7 6 5 4 3 2 1 0
DTCEN17 [DTCEN16 |DTCEN15[DTCEN14 |DTCEN13[DTCEN12|DTCEN11|DTCEN10
X 0 X X X X X X

Bit 6
DTCEN16 DTC activation enable 16
0 Activation disabled
1 Activation enabled
Note

1. For details on register settings, refer to RL78/11D User's Manual: Hardware.
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5.7.27 8-bit Interval Timer Count Stop

Figure 5.30 shows a flowchart to start counting by the 8-bit interval timer.

C R_ITSBitO_ChanneIO_StopD

. . . MK2L register
Disable 8-bit IT interrupts ITMKOO bit — 1: INTITOO interrupt servicing
disabled
Clear the 8-bit IT interrupt request IF2L register
flag ITIFOO bit « 0O: Clear the interrupt request flag.
Stop 8-bit IT count TRTCRAO register
TSTARTOO bit < 0: Count stops.

C return >

Figure 5.30 8-bit Interval Timer Count Stop
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8-bit interval timer interrupt setting

- Interrupt request flag register (MK2L)
Disable interrupt servicing.

- Interrupt request flag register (IF2L)
Clear the interrupt request flag.

Symbol: MK2L
7 6 5 4 3 2 1 0
FLMK ITMK11 | ITMK10 | ITMKO1 | ITMKOO
X X X X X X X 1
Bit 0
ITMKOO Interrupt servicing control
0 Interrupt servicing enabled
1 Interrupt servicing disabled
Symbol: IF2L
7 6 5 4 3 2 1 0
FLIF 0 0 0 ITIF11 ITIF10 ITIFO1 ITIFOO
X X X X X X X 0
Bit 0
ITIFOO Interrupt request flag
0 No interrupt request signal is generated.
1 Interrupt request is generated, interrupt request status
Note

1. For details on register settings, refer to RL78/11D User's Manual: Hardware.

8-bit interval timer count stop setting

- 8-bit interval timer control register 0 (TRTCRO)
Start counting by the 8-bit interval timer.

Symbol: TRTCRO

7 6 5 4 3 2 1 0
TCSMDO 0 TCLKENO 0 TSTARTO1 0 TSTART00
X X X X X X X 0

Bit 0
TSTARTO00 8-bit interval timer 0 count start
0 Count stops.
1 Count starts.
Note

1. For details on register settings, refer to RL78/11D User's Manual: Hardware.
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6. Sample Code

Sample code can be downloaded from the Renesas Electronics website.

7. Reference Documents
RL78/11D User’s Manual: Hardware Rev.2.00 (RO1IUH0474E)
RL78 Family User’s Manual: Software Rev.1.00 (RO1US0015EJ)

The latest versions can be downloaded from the Renesas Electronics website.

Technical Update/Technical News

The latest information can be downloaded from the Renesas Electronics website.
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Website and Support

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

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

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

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

1. Handling of Unused Pins

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

manual.

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

2. Processing at Power-on

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

— The states of internal circuits in the 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 LSI is not guaranteed if they are accessed.
4. Clock Signals

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

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

has stabilized.

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

5. Differences between Products

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

that the change will not lead to problems.

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