LENESAS APPLICATION NOTE

RL78/G14, H8/3687 Group ROTANIS90EI0100

ev.l.
Migration Guide from H8/3687 to RL78/G14: A/D converter Mar.6,2014
Abstract

This application note describes how to migrate from the H8/3687 Group A/D converter to the RL78/G14 A/D converter.

Target Devices
RL78/G14, H8/3687 Group

For details on the A/D converter and the electrical specifications, refer to User’s Manuals: Hardware and technical
updates.
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1. Differences between RL78/G14 and the H8/3687 Group
Table 1.1 lists the differences between the RL78/G14 A/D converter and the H8/3687 Group A/D converter.

Table 1.1 Differences in the A/D Converters

Item

H8/3687 Group

RL78/G14

Reference voltage

AVee (3.3 V10 5.5 V)

Select from Vpp, AVrere (1.6 V t0 Vpp), or internal
reference voltage (1.45 V)

Analog input voltage

Vss - 0.3V to AVcc +0.3 v

» Reference voltage = AVREFP
ANI2 to ANI14: 0 V to AVREFP
ANI16 to ANI20: 0 V to AVRerp and EVbpo
» Reference voltage = Vbbp
ANIO to ANI14: 0 V to Vbp
ANI16 to ANI20: 0 V to EVbpo
» Reference voltage = internal reference voltage
0 to VBGR

Operating clocks
(conversion clocks)

a4, §/8
(¢: system clock)

fcLk/64, fcLk/32, feuk/16, feLk/8, feLk/6, foLk/5,
fcLk/4, fek/2
(fcLk: CPU/peripheral hardware clock frequency)

Resolution

10-bit

8-bit or 10-bit

Operating mode
(A/D conversion mode)

Single mode, scan mode

Specify by the combination of A/D channel
selection mode (select mode, scan mode) and
A/D conversion operating mode (sequential
conversion mode, one-shot conversion mode)

Analog input pins

8 (ANO to AN7)

8 channels (30-, 32-, 36-pin), 9 channels (40-pin),
10 channels (44-, 48-pin),

12 channels (52-, 64-pin), 17 channels (80-pin),
20 channels (100-pin)

A/D conversion trigger

« Software trigger
« External trigger (ADTRG)

 Software trigger
« Hardware trigger "¢ ?

Hardware trigger
operating mode

N/A

Available (Hardware trigger no-wait mode,
hardware trigger wait mode)

A/D conversion time

At least 3.5 ps per channel (at 20-MHz operation)

Specified by the ADMO register

Number of pins used
simultaneously

1 to 4 pins M2

1 or 4 pins M2

Number of A/D conversion 4 1 Nored)

result registers

Availability in STOP mode N/A Available (SNOOZE mode)
On-chip reference voltage/ N/A 1.45V (TYP.)

internal reference voltage

A/D open-circuit detection N/A N/A

assist function

Temperature sensor N/A Available

Test mode N/A Available

Notes

1. Hardware trigger can be selected from (a) timer channel 1 count end or capture end interrupt signal
(INTTMO1), (b) event signal selected by the ELC, (c) real-time clock interrupt signal (INTRTC), or (d)
12-bit interval timer interrupt signal (INTIT).

2. Number of pins used simultaneously varies depending on the specified operating mode.

3. The RL78/G14 MCU holds one A/D conversion result only. To perform A/D conversion sequentially, use
the DTC to read the A/D conversion result before the next conversion is completed.

For details on reading the A/D conversion result using the RL78/G14 DTC, refer to the application note
“RL78/G14 Transferring the A/D Conversion Result Using the DTC".
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2. Register Compatibility
Register compatibility between the H8/3687 Group and RL78/G14 is listed in Table 2.1.

Table 2.1 Register Compatibility

Item

H8/3687 Group

RL78/G14

On-chip reference voltage

« ADM2 register
Bits ADREFP1 and ADREFPO
ADREFM bit

« ADS register

A/D conversion result

» Registers ADDRA, ADDRB, ADDRC, and

ADDRD

* ADCR register (10 bits)
* ADCRH register (8 bits)

Clock division

* ADCSR register
CKS bit

« ADMO register
Bits FR2 to FRO

Clock source

A/D operating mode

* ADCSR register
SCAN bit

* ADMO register
ADMD bit

« ADML1 register
ADSCM bit

A/D conversion trigger mode

* ADCR register
TRGE bit

« ADML1 register
Bits ADTMD1 and ADTMDO
Bits ADTRS1 and ADTRSO

Analog input pin

* ADCSR register
Bits CH2 to CHO

« ADS register

* ADPC register
* PMCO register
*« PMC10 register
« PMC12 register
« PMC14 register

A/D conversion operation

* ADCSR register

* ADMO register

control ADST bit ADCS bit
ADCE bit

Resolution — « ADM2 register
ADTYP bit

A/D open-circuit detection
assist control

A/D input clock control

* PERO register
ADCEN bit

A/D conversion time mode

* ADMO register
Bits LV1 and LVO

Check the upper and lower
limit values of conversion
result

« ADM2 register
ADRCK bit

SNOOZE mode

* ADM2 register
AWC bit

Temperature sensor output

« ADS register

Set the upper and lower limit
of A/D conversion result
comparison values

* ADUL register
* ADLL register

A/D test function

* ADTES register
Bits ADTES1 and ADTESO

—: No register is applicable.
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3. A/D Converter Operation

3.1 A/D Operating Mode

In the RL78/G14 MCU, select the A/D conversion mode by the combination of A/D channel selection mode and A/D
conversion operating mode.

Table 3.1 lists the combination of the RL78/G14 channel selection mode and conversion operating mode compatible
with the H8/3687 Group operating mode.

Table 3.1 A/D Operating Mode Compatibility

H8/3687 Group RL78/G14
Channel selection Conversion Operating Mode
mode
— Select mode Sequential conversion mode
Single mode One-shot conversion mode
Scan mode Scan mode Sequential conversion mode
— One-shot conversion mode

3.2 Absolute Accuracy
RL78/G14 defines the overall error instead of the absolute accuracy defined in the H8/3687 Group.

3.21 H8/3687 Group Characteristics
Table 3.2 lists the absolute accuracy of the H8/3687 Group.

Table 3.2 H8/3687 Group Absolute Accuracy

Item Measurement Standard Unit
conditions Min. Typ. Max.
Absolute Conversion time (in single mode) = 134 tcyc | AVCC=3.3to5.0V | — - +8.0 LSB
accuracy Conversion time (in single mode) = 70 tcyc AVCC=4.0to55V | — - +8.0 LSB
Conversion time (in single mode) = 134 tcyc | AVCC=4.0to 55V | — - +4.0 LSB
RO1AN1990EJ0100 Rev.1.00 Page 5 of 22
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3.2.2 RL78/G14 Characteristics

Table 3.3 lists the RL78/G14 overall error under the following conditions:

When AVREF (+) = AVREFP/ANIO (ADREFP1 = 0, ADREFPO = 1), and AVREF (—) = AVREFM/ANI1 (ADREFM =
1), then the target ANI pins are ANI2 to ANI14 (ANI pins whose power is supplied from VDD).

Table 3.3 RL78/G14 Overall Error

Item Symbol Condition Min. Typ. Max. Unit
Overall error AINL 10-bit resolution 1.8V=<Vpps55V 1.2 +3.5 LSB
AVREFP = VDD 1.6V<Vpps55V 1.2 +75 LSB

3.3 Analog Input Pins

3.3.1 H8/3687 Group
Analog input pins available in each operating mode for the H8/3687 Group are listed in Table 3.4.

Table 3.4 Analog Input Pins for the H8/3687 Group

Operating mode Analog input pin
Single mode Specify one pin from ANO to AN7.
Scan mode Specify one to four pins from ANO to AN3 or AN4 to AN7.

3.3.2 RL78/G14
Analog input pins available in each channel selection mode for the RL78/G14 are listed in Table 3.5.

Table 3.5 Analog Input Pins for RL78/G14

Channel selection Analog input pin
mode
Select mode Specify one pin from pins ANO to AN14, ANI16 to ANI20, internal reference voltage
pin, or temperature sensor output pin
Scan mode Pins ANIO to ANI3, ANI1 to ANI4, ANI2 to ANI5, ANI3 to ANI6, ANI4 to ANI7, ANIS
to ANI8, ANI6 to ANI9, ANI7 to ANI10, ANI8 to ANI11, ANI9 to ANI12, ANI10 to ANI
13, ANI11 to ANI14

When using the RL78/G14 MCU, ports which are used as analog input pins must be switched to analog inputs by
setting registers ADPC or PMC. Note that the ADPC register switches pins ANIO to ANI14 to analog inputs in sequence.
Careful consideration is required before setting analog input pins.

RO1AN1990EJO100 Rev.1.00 Page 6 of 22
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Symbol 7 6 5 4 3 1 0
ADPC 0 0 0 0 ADPC3 ADPC2 ADPC1 ADPCO
Switch between analog input (A) and digital I/O (D)
slo|olg|é|8|2|8|d| 2|83 5§ S|8&|5|8|8F]|8
S1515|5]s|s|s|s|s|les|e|S|lg|la|3|a|a]|2]|s
SIS 2222 22|22 %|%|%|2|3|%)|¢3
1212|232
0 0 0 0 A A A A A A A A A A A A A A A
0 0 0 1 D D D D D D D D D D D D D D D
0 0 1 0 D D D D D D D D D D D D D D A
0 0 1 1 D D D D D D D D D D D D D A A
0 1 0 0 D D D D D D D D D D D D A A A
0 1 0 1 D D D D D D D D D D D A A A A
0 1 1 0 D D D D D D D D D D A A A A A
0 1 1 1 D D D D D D D D D A A A A A A
1 0 0 0 D D D D D D D D A A A A A A A
1 0 0 1 D D D D D D D A A A A A A A A
1 0 1 0 D D D D D D A A A A A A A A A
1 0 1 1 D D D D D A A A A A A A A A A
1 1 0 0 D D D D A A A A A A A A A A A
1 1 0 1 D D D A A A A A A A A A A A A
1 1 1 0 D D A A A A A A A A A A A A A
1 1 1 1 D A A A A A A A A A A A A A A

When selecting any one pin from pins ANIO to ANI14 and ANI16 to ANI20 to perform A/D conversion, do not access
ports P20 to P27, P03, P02, P147, P120, P100, P150 to P156 during A/D conversion. Doing so may decrease the

accuracy of the conversion.

3.4 Interrupts

When using the H8/3687 Group MCU in scan mode, an interrupt is generated after A/D conversion for all pins selected
is completed. However, when using the RL78/G14 MCU, an interrupt is generated when the A/D conversion for each

pin is completed.

RO1AN1990EJO100 Rev.1.00
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4. Sample Program

4.1 Specifications

This chapter describes a sample program for RL78/G14, which should be referred as an example of using the DTC (in
repeat mode) in conjunction with the A/D converter (in software trigger mode, scan mode, and one-shot conversion
mode). A/D conversion is performed on analog input voltage input to pins P20/ANIO to P23/ANI3 and P24/ANI4 to
P27/ANI7 in scan mode and one-shot conversion mode, and DTC transfer is used to store the A/D converted value
assigned to each pin to the RAM. A/D conversion is performed for individual pins successively. Every time A/D
conversion for a pin is completed, the converted result is stored to the 10-bit A/D conversion result register (ADCR), the
DTC is activated, and the A/D converted result is transferred from the ADCR register to the RAM. When A/D
conversion and DTC transfer for all of the above pins are completed, an A/D conversion end interrupt request is
generated.

Table 4.1 lists the peripheral functions used and their applications. Figure 4.1 shows the operation overview.

Table 4.1 Peripheral Functions Used and Their Applications

Peripheral function Application
DTC Transfer the A/D converted result to the RAM
A/D converter Perform A/D conversion on analog input voltage

(1) A/D conversion starts

a) ANIO or ANI4

b) ANIL or ANI5 AID converter
c) ANI2 or ANI6 (scan mode)
d) ANI3 or ANI7

(2) Complete A/D conversion on one pin
@ ® (@ @

(3) DTC
activation

request (4) Read A/D converted result
A

( 3 SFR
< (a) -
< (b) A/D conversion T .
% < 8 result register ransfer source
4 (5) Write A/D
converted result —_= ==
to RAAM RAM
N |f @ ) | ANIO or ANI4 pin
DTC e converted result
N (b) R ANI1 or ANI5 pin
converted result | Transfer destination
© R ANI2 or ANI6 pin (repeat area)
g converted result
\_ ) ANI3 or ANI7 pin
> converted result
(6) DTC
transfer

(7) A/ID conversion end interrupt request generated

Figure 4.1 Operation Overview

RO1AN1990EJO100 Rev.1.00 Page 8 of 22
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4.2 Hardware

42.1 Hardware Configuration
Figure 4.2 shows the hardware configuration used for this sample program.
VDD VbD
v ]
EVbbDo RESET
VbD
RL78/G14
P20/ANIO [¢——
[ P21/ANI1 [¢——
| —|RECGC P22/ANI2 |€¢—
EVsso E%%ﬁmﬁ : Analog input signal
P25/ANI5 (¢——
Vss P26/ANI6 [¢——
P27/ANI7 [¢——
P40/TOOLO [«— Used for on-chip debugging

Notes

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

2. Connect pins with names that begin with EVss to Vss, and pins with names that begin with EVbbp to Vbb.

3. Make sure to set VDD greater than the detection voltage (VLvI) specified by the LVD.

Figure 4.2 Hardware Configuration

4.2.2 Pins Used
Table 4.2 lists the pins used and their functions.

Table 4.2 Pins Used and Their Functions

Pin name I/0 Function

P20/ANIO Input A/D converter input (ANIO)
P21/ANI1 Input A/D converter input (ANI1)
P22/ANI2 Input A/D converter input (ANI2)
P23/ANI3 Input A/D converter input (ANI3)
P24/ANI4 Input A/D converter input (ANI14)
P25/ANI5 Input A/D converter input (ANI5)
P26/ANI6 Input A/D converter input (ANI6)
P27/ANI7 Input A/D converter input (ANI7)

RO1AN1990EJ0100 Rev.1.00 Page 9 of 22
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4.3 Software

4.3.1 Operation Overview

In this sample program, the results of eight pins that are A/D converted in the scan mode are stored to RAM using DTC
transfer. The transfer destination (ad_value[]) is set as a repeat area by using DTC in its repeat mode, and the A/D
converted results of the eight pins are stored to RAM successively.

When A/D conversion of the ANIO pin is completed, the first DTC transfer from the transfer source address (ADCR
register (FFFF1EH and FFFF1FH) to the transfer destination address (ad_value[0] (FFF500H to FFF501H)) is
performed. When A/D conversion of the ANI1 pin is completed, the second DTC transfer is performed. Since the
transfer destination is set as a repeat area, the A/D converted result is transferred to ad_value[1] (FFF502H to FFF503H).
In the same procedure, DTC transfer for the A/D converted results of pins ANI3 and ANI4 is performed. When the
fourth DTC transfer is completed, an A/D conversion end interrupt is generated.

After the A/D converted results for four times are stored using the A/D conversion end interrupt, the ADS register is
changed to set ANI4 to 7 pins as conversion targets and A/D conversion is started again. After that, when A/D
conversion of the ANI4 pin is completed, DTC transfer is performed in the same way as above. When the fourth DTC
transfer is completed, the A/D conversion end interrupt is generated.

Table 4.3 lists the DTC settings and Table 4.4 lists the A/D converter settings.

Table 4.3 DTC Settings

Function name

Setting value

Control data 0

Transfer mode

Repeat mode

Repeat mode interrupt

Enabled

Source address control

Fixed

Destination address
control

Repeat area

Chain transfer Disabled
Transfer block size 2 bytes
Number of DTC transfers |4

Transfer source address

ADCR register address (FFF1EH)

Transfer destination
address

Start address of ad_value[] (FF500H)

RO1AN1990EJ0100 Rev.1.00
Mar.6,2014
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Table 4.4 A/D Converter Settings

Setting item Setting value
Conversion clock (fap) foLk/64
A/D conversion modes « A/D conversion trigger mode: Software trigger mode

+ A/ID conversion channel selection mode: Scan mode
« A/D conversion operating mode: One-shot conversion mode

Resolution 10 bits

Analog input channels « Set ANIO to 3 as conversion targets for initial setting and after A/D conversion

for ANI4 to 7 is completed
« Scan 0: ANIO

e Scan 1: ANI1

e Scan 2: ANI2

e Scan 3: ANI3

« Set ANI4 to 7 as conversion targets when an A/D conversion end interrupt is

generated

* Scan 0: ANI4

* Scan 1: ANI5

e Scan 2: ANI6

e Scan 3: ANI7

Conversion result FFH
comparison upper limit
(ADUL register)

Conversion result OOH
comparison lower limit
(ADLL register)

Conversion result upper INTAD is generated when ADLL register < ADCR register < ADUL register
limit/lower limit check

(1)
(2)
(3)
(4)

()

(6)

(7)
(8)
(9)

Perform the initial setting for the A/D converter and DTC.

Set the ADCS bit in the ADMO register to 1 (conversion operation enabled) to start A/D conversion.
When A/D conversion of pins ANIO, ANI1, ANI2, and ANI3 is completed, DTC is activated.

DTC reads the A/D converted results from the ADCR register and transfers them to RAM (ad_value[0]
to ad_value[3]) corresponding to each pin.

When the fourth DTC transfer is completed, an A/D conversion end interrupt is generated. The A/D
converted results of ad_value[0] to ad_value[3] are right-shifted 6 bits in an interrupt handling routine
and stored to variables an0O_value to an3_value.

After the A/D converted results are stored, change the ADS register to set the pins ANI4 to 7 as
conversion targets.

Set the ADCS bit in the ADMO register to 1 (conversion operation enabled) to start A/D conversion.
When A/D conversion of pins ANI4, ANI5, ANI6, and ANI7 is completed, DTC is activated.

DTC reads the A/D converted results from the ADCR register and transfers them to RAM (ad_value[0]
to ad_value[3]) corresponding to each pin.

(10) When the fourth DTC transfer is completed, an A/D conversion end interrupt is generated. The A/D

converted results of ad_value[0] to ad_value[3] are right-shifted 6 bits in an interrupt handling routine
and stored to variables an4_value to an7_value.

RO1AN1990EJO100 Rev.1.00 Page 11 of 22
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Figure 4.3 shows a timing diagram of DTC transfer and A/D conversion. Figure 4.4 illustrates the relationship between
the ADCR register and RAM.

This bit automatically becomes 0 after
conversion is completed.

1 \ 4 A \ 4

(1) Initial setting (2) A/D conversion starts (6) Reconfigure

ADCS bit in the
ADMO register 0

This bit automatically becomes 0 after DTC transfer is completed.
y

DTCEN15 bitinthe 1
DTCENLI register 0

. AID conversion 1 | A/D conversion 2 | A/D conversion 3 | A/D conversion 4 AID conversion 1
A/D converter operation (ANIO or ANI4) | (ANILor ANIS) | (ANI2 or ANIE) | (ANI3 or ANI7) (ANIO or ANI4)
A 4 A A A
Converted Converted Converted

ADCR register Converted result 4

result 1 result 2 result 3

(5) Interrupt generated

When an interrupt is
A/D conversion end 1 acknowledged, this bit
interrupt request flag automatically becomes 0.
(ADIF bit in the IF1H register) 0

(3 DTC

activated ® ® ©
4) DTC
bTC anster @ @ @
\ 4
ad_value[0] Converted result 1
v |
ad_value[1] Converted result 2
\ 4 |
ad_value[2] Converted result 3
\ 4
ad_value[3] Converted result 4

Program executed
|
DTC v orc | V orc |V DTC

transfer transfer transfer transfer

Bus operation Program executed Program executed

Figure 4.3 Timing Diagram of DTC Transfer and A/D Conversion

DTC transfer Right shift by 6 bits
ADCR register ad_value[0] an0_value
(FFF1EH to FFF1FH) (FF500H to FF501H) or an4_value
ad_value[1] anl_value
(FF502H to FF503H) or an5_value
ad_value[2] an2_value
(FF504H to FF505H) or an6_value
ad_value[3] an3_value
(FF506H to FF507H) or an7_value

Figure 4.4 Relationship between the ADCR Register and RAM
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Mar.6,2014 RENESAS



RL78/G14, H8/3687 Group Migration Guide from H8 to RL78: A/D converter

4.3.2 Option Byte Setting
Table 4.5 lists the option byte setting.

Table 4.5 Option Byte Setting

Address Setting value Content

000COH/010COH 11101111B Stops the watchdog timer
(counting is stopped after a reset is released)

000C1H/010C1H 01111111B Sets the LVD in reset mode
Detection voltage: 2.81 V at the rising edge,
2.75 V at the falling edge

000C2H/010C2H 11101000B High-speed on-chip oscillator HS mode 32 MHz
000C3H/010C3H 10000100B Enables on-chip debugging

4.3.3 Constant
Table 4.6 lists the constant used in the sample code.

Table 4.6 Constant Used in the Sample Code

Constant name Setting value Content
ad_value OFF500H DTC transfer destination address
RO1AN1990EJ0100 Rev.1.00 Page 13 of 22
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4.3.4 Variables
Table 4.7 lists the global variables.

Table 4.7 Global Variables

Type Variable Content Function used
name
unsigned short |ad_value[8] |A/D converted result storage address of r_adc_interrupt
ANIO to ANI7
unsigned short |an0_value Store A/D converted result of ANIO r_adc_interrupt
unsigned short |anl_value Store A/D converted result of ANI1 r_adc_interrupt
unsigned short |an2_value Store A/D converted result of ANI2 r_adc_interrupt
unsigned short |an3_value Store A/D converted result of ANI3 r_adc_interrupt
unsigned short |an4_value Store A/D converted result of ANI4 r_adc_interrupt
unsigned short |an5_value Store A/D converted result of ANIS r_adc_interrupt
unsigned short |an6_value Store A/D converted result of ANI6 r_adc_interrupt
unsigned short |an7_value Store A/D converted result of ANI7 r_adc_interrupt
unsigned char |ad_ch_tgr A/D conversion target switch flag r_adc_interrupt
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4.3.5 Functions
Table 4.8 lists the functions.

Table 4.8 Function

Function name Outline

Hdwinit Initial setting

R_Systeminit Initial setting of peripheral functions

R_CGC_Create Initial setting of CPU

R_ADC_Create Initial setting of the A/D converter

R_DTC_ Create Initial setting of DTC

Main Main processing

R_DTCDO_Start DTC activation

R_ADC_Start A/D conversion start

r_adc_interrupt A/D conversion interrupt
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4.3.6 Flowcharts

(1) Overall Flowchart
Figure 4.5 is an overall flowchart.

C _@cstart )

Initial setting function
hdwinit()

main()

G

Figure 4.5 Overall Flowchart

(2) Initial Setting
Figure 4.6 shows the initial setting.

( hdwinit() )

| Disable maskable interrupts. | IE<0
Initial setting of peripheral Initial setting of pin function
functions Initial setting of A/D converter
R_Systeminit() Initial setting of DTC

C return )

Figure 4.6 Initial Setting
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(3) Initial Setting of Peripheral Functions
Figure 4.7 shows the initial setting of peripheral functions.

C R_Systeminit )

Disable peripheral /0 PIORO register — 00H
redirection function. PIOR1 register «— 00H

CPU initial setting
R_CGC_Create() Set the internal high-speed clock.

Initial setting of
A/D converter
R ADC Create()
[

Set the A/D converter (software trigger mode,
scan mode, and one-shot conversion mode).

Initial setting of DTC
R_DTC_Create()

( return )

Figure 4.7 Initial Setting of Peripheral Functions

Set the repeat mode.

(4) Initial Setting of CPU
Figure 4.8 shows the initial setting of CPU.

C R_CGC_Create )

| — CMC register — 41H
| Set X1 oscillation. | Bits EXCLK and OSCSEL = 01B  : X1 oscillation mode
| AMPH bit=1 : 10 MHz < fX < 20 MHz
Set X1 oscillation
stabilization time.

Operate high-speed CSC register
system clock. MSTOP bit < 0 : Operate the X1 oscillator.

OSTS register
Bits OSTS0 to OSTS2 < 111B  : Oscillation stabilization time: 13.1 ms

Refer to OSTC register and
wait for X1 clock oscillation
stabilization time.

) CKC register
| Set main system clock. | MCMO bit — 1

| Stop subsystem clock. |

: Set the high-speed system clock.

CSC register

| XTSTOP bit — 1 : Stop the XT1 oscillator.
Operation clock of real-time clock OSMC register — 10H ) )
interval timer WUTMMCKO bit =1 : Low-speed on-chip oscillator clock
I .
Set CPU/peripheral CKC register )
hardware clock. CSS bit — 0 : Set the main system clock.
[
Stop internal CSC register
high-speed oscillator. HIOSTOP bit — 1

C return )

Figure 4.8 Initial Setting of CPU
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(5) Initial Setting of the A/D Converter
Figure 4.9 shows the initial setting of the A/D converter.

C R_ADC_Create )

| Provide clock to A/D converter. |

| Stop A/D converter.

PERO register
ADCEN bit « 1

| ADMO register « 00H

ADCS bit=0 : Stop conversion operation.
| ADCE bit=0 : Stop A/D voltage comparator operation.
. L MK1H register
| Disable A'D conrersmn Interrupt. | ADMK bit — 1 : Disable interrupt handling.
Clear A/D conversion interrupt IF1H register
request flag. ADIF bit < 0
Set A/D conversion PR11H register
interrupt priority level. ADPRL1 bit « 1
PRO1H register
ADPRO bit « 1 : Level 3 (low priority level)

PM2 register < FFH

Set port mode register 2. Bits PM27 to PM20 « 11111111B: Input mode

- ADMO register < 40H
Set AID conversmrtl. mode and ADMD bit = 1 - Scan mode
conversion time. Bits FR2 to FRO = 00B fap : fork/64
Bits LV1 to LVO = 00B : Convert in standard 1 mode.
ADML1 register « 20H
Set A/D conversion trigger mode. ADTMD1 bit=0 : Software trigger mode
I ADSCM bit =1 : One-shot conversion mode
- —— ADM2 register <« 00H
Set the following functions: ; _ . . .
« AID converter reference voltage Bits ADREFP1 to ADREFPO = 00B: Phroxf&c/ig +side refe;encevvoltage source of
« Conversion result upper limit/ . the f cc_;nverter rom VbD.
lower limit check ADREFM bit =0 : Provide -side reference voltage source of
» A/D conversion resolution . the A/D converter from V?'S' -
ADCRK bit=0 . Interrupt request generation timing
(ADLL register = ADCR register < ADUL register)
Set conversion result comparison ADTYP bit =0 + 10-bit resolution
upper limit/lower limit. ADUL reglster «— FFH : Upper I!m!t value
| ADLL register «— 00H : Lower limit value
| Specify analog input channel. | ADS register «— 00H : Analog input channels : ANIO to ANI3
I
Start A/D voltage comparator ADMO register
operation. ADCE bit « 1

( return )

Figure 4.9 Initial Setting of the A/D Converter
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(6) Initial Setting of DTC

Figure 4.10 is the DTC initial setting flowchart, and Figure 4.11 shows the memory map of the DTC used area.

( R_DTC_Create )

| Provide clock to DTC. |

| Disable DTC activation. |

| Set DTC base address. |

Set control data 0 to DTC vector.
(A/D conversion completed)

| Set DTC control register 0. |

( return )

PER1 register
DTCEN bit « 1

DTCENO register < 00H
DTCEN1 register — 00H
DTCEN2 register — O0H
DTCENS3 register — 00H
DTCENA4 register «— 00H

DTCBAR register — FDH

Set the start address (40H) of control data O to the address
set in the DTCBAR register (address FFDOAH).

DTCCRO register « 21H
SZ bit=0
CHNE bit=0
PRINT bit=1
SAMOD bit =0
RPTSEL bit=0
MODE bit=1

DTBLSO register «— 02H

DTCCTO register « 04H
DTRLDO register < 04H
DTSARO register «— FF1EH
DTDARO register < F500H

: Transfer byte size 8 bits

: Disable chain transfer.

: Enable repeat mode interrupt.

: Source address fixed

: Set transfer destination as repeat area.
: Repeat mode

. Set the data block size transferred

with an activation to 2 bytes.

: Set the number of DTC data transfers as 4.
: Initial setting of transfer count reload

: Set transfer source address to FF1EH.

: Set transfer destination address to F500H.

Figure 4.10 Initial Setting of DTC

} Control data 0

FFEOOH
FFDFFH
DTC control data area
192 bytes
FFD40H
Reserved area
24 bytes
FFD27H
DTC vector table area
40 bytes
FEDOOH
DTC used area
Setting value in the 256 bytes
DTCBAR register

» Set the start address (40H) of control data 0 to the
address set in the DTCBAR register (address FFDOAH).

Figure 4.11 Memory Map of the DTC Used Area
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(7) Main Processing
Figure 4.12 shows the main processing.

E—T—

DTC activation enabled
R_DTCDO_Start()

A/D conversion start
R_ADC_Start()
I

Enable maskable interrupt. IE—1

N
|

* Processing to avoid DTC transfer pending
NOP function Without this processing, only the unconditional

NOP() branch instruction (DTC pending instruction) is
valid and DTC is not activated.

Figure 4.12 Main Processing

*DTC Pending Instruction
Even if a DTC transfer request is generated, DTC transfer is held immediately after the instructions below. Also, the
DTC is not activated between PREFIX instruction code and the instruction immediately after that code.

* Call/return instruction

» Unconditional branch instruction

» Conditional branch instruction

* Read access instruction for code flash memory

* Bit manipulation instructions for IFxx, MKxx, PRxx, and PSW, and 8-bit manipulation instruction that has the ES
register as operand

« Instruction for accessing the data flash memory

Notes:

1. When a DTC transfer request is acknowledged, all interrupt requests are held until DTC transfer is completed.
2. While the DTC is held pending by the DTC pending instruction, all interrupt requests are held.
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(8) DTC Activation
Figure 4.13 is the DTC activation flowchart.

C R_DTCDO_Start )
[

Enable DTC activation triggered

by A/D conversion completion.

C return )

DTCEN1 register — 20H

DTCEN15 bit=1 : Enable activation.

Figure 4.13 DTC Activation

(9) A/D Conversion Start
Figure 4.14 is a flowchart to start A/D conversion.

( R_ADC_Start )
[

Clear A/D conversion
interrupt request.

Enable A/D conversion
interrupt handling.

Start A/D conversion. |

C return )

IF1H register
ADIF bit <0

MK1H register
ADMK bit < 0

ADMO register
ADCS bit — 1 : Enable conversion operation.

Figure 4.14 A/D Conversion Start

(10) A/D Conversion Interrupt
Figure 4.15 is a flowchart of A/D conversion interrupt.

C r_adc_interrupt )

A/D conversion target
switch flag = 0?

NO

Read A/D converted values Read A/D converted values
from ANIO to ANI3. from ANI4 to ANI7.

Set ANI4 to ANI7 ADS register  04H Set ANIO to ANI3
as conversion target. as conversion target.

[
A/D conversion start
R_ADC_Start()
€

[
Invert A/D conversion
target switch flag.

|
C return )

ADS register < 00H

Figure 4.15 A/D Conversion Interrupt
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5. Reference Application Note
RL78/G14 Transferring A/D Conversion Result Using the DTC Rev.2.00

6. Sample Code

Sample code can be downloaded from the Renesas Electronics website.

7. Reference Documents

RL78/G14 User’s Manual: Hardware Rev. 2.00
H8/3687 Group Hardware Manual Rev.5.00
The latest versions can be downloaded from the Renesas Electronics website.

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

Website and Support

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

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

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

1. Handling of Unused Pins

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

manual.

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

2. Processing at Power-on

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

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

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

3. Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do not access
these addresses; the correct operation of LSI is not guaranteed if they are accessed.

4. Clock Signals

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

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

stabilized.

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

5. Differences between Products

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

that the change will not lead to problems.

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




Notice
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.
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.
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.
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.
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 itis notintended. 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.
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use of Renesas Electronics products beyond such specified ranges.
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, i for aging ion or any other iate measures. Because the evaluation of microcomputer software alone is very difficult,
please evaluate the safety of the final products or systems manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the envil tal ibility of each R ics 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.

Renesas Electronics products and technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws or

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

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

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

10. 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 ired by or for R
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