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Introduction

This document explains how to set up the A/D converter (ADC) and also gives an outline of the operation and describes
the procedures for using a sample program. The sample program converts the scan list of channel group (CG) 0 by
using the software trigger in one-shot mode. The number of times conversion of the scan list is repeated can be set from
one to four per CG in a specific register for a given channel, but is set to one in the sample program. Having finished
converting the scan list, the sample program turns on an LED to reflect the result.

Target Device
V850E2/MN4 Microcontrollers
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V850E2/MN4 A/D Converter Control

1. Overview

This sample program converts the scan list of CGO by using the software trigger in one-shot mode. The number of times
conversion of the scan list is repeated can be set from one to four per CG in a specific register for a given channel, but is
set to one in the sample program.

An A/D conversion flow is given below. See section 4.1 “Flow Charts” for the details of the individual operations.
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Figure 1.1 A/D Conversion Flow
RO1AN0923EJ0100 Rev.1.00 Page 2 of 26

Feb 13, 2012 RENESAS




V850E2/MN4 A/D Converter Control

1.1 Initialization
The general registers and functional pins are initialized.

<Port setup>

e Port n function control expansion registers (PFCEn)
Port n function control registers (PFCn)

Port n mode control registers (PMCn)

Port n mode registers (PMn)

1.2 Basic Operation of the A/D Converter

This section describes the basic procedure of A/D conversion.

1. To optimize the start-up time between power being turned on and the start of conversion, adjust the stabilization
time setting in the ADC stabilization counter register (ADCAnCNT).

2. To enable the A/D converter (set ADCAnCTL0O.ADCANCE to 1), switch the power on and set up the resolution, the
ADCAn clock, the trigger mode, the conversion mode, the interrupt generation, the channel group, and other
settings in the following registers.

- ADCAnCTL1 register
- ADCANCGid registers

- ADCAnIOC:i registers

- ADCANTSELI registers

3. To check that a result of A/D conversion is within a certain value range, enable the conversion result limit
comparison function for the desired channels (ADCAnCTL2.ADCAnRCKm) with upper and lower limits, and
specify the lower limit in the ADCAnLL register and the upper limit in the ADCAnUL register.

4. To discharge the capacitor in the common sample-and-hold circuit before the conversion, set
ADCAnCTL1.ADCAnDISC to 1 to enable the discharge function.

5. To enable or disable the buffer amplifier, set ADCAnCTL1.ADCAnBPC.

6. To enable the ADC, set ADCAnCTL0O.ADCANCE to 1. After the stabilization time has elapsed after power is turned
on or after the standby mode is exited, the A/D converter is ready for A/D conversion.

7. Depending on the specified trigger mode, A/D conversion is started by a given channel group (CG).

- Software trigger (setting ADCAnTRGi.ADCAnSTTito 1)
- Hardware trigger (input signals ADCAnTTRGi)
If the A/D conversion of multiple CGs is triggered, the order of A/D conversion depends on the priority of the CGs.

8. When the A/D conversion on the channel specified by the ADCAnlIOCi register end, the A/D conversion end
interrupt (INTADCAnNT1) for the given channel is generated.

9. Read the results from the A/D conversion result registers, ADCAnLCR, ADCAnDBiCR, and ADCAnCmCR.

10. Monitor the following registers.

- ADCAnSTRI1: To check whether the result of A/D conversion has been overwritten before being read according to
the field of application.

- ADCAnSTRO: To check whether the result of A/D conversion is within a specified range (only if the conversion
result limit comparison function is enabled).

11. To set the A/D converter again, disable the A/D converter by setting ADCAnCTL0.ADCAnCE to 0.

RO1AN0923EJ0100 Rev.1.00 Page 3 of 26
Feb 13, 2012 RENESAS



V850E2/MN4 A/D Converter Control

2. Usage Environment

This section explains the circuit diagram and development environment to run this sample program.

2.1 Circuit Diagram
See “V850E2/MN4 Target Board User Manual: QB-V850E2MN4DUAL-TB (R20UT0683XJ)” for the details of the
circuit diagram.

The main hardware resource used in this sample program is the A/D conversion pin (ANI00).

The LEDs are connected to port 13. The P13_7 pin is used for LED1. The P13_6 pin is used for LED2

2.2 Development Environment

It is necessary to install the tools that are listed below to run the sample program.

e CubeSuite+

The integrated development environment CubeSuite+ from Renesas Electronics provides various software development
tools that are necessary for the user to develop applications. The user can use these tools seamlessly and easily in
various development stages including coding, assembly, compilation, debugging using an emulator or simulator, and
flash programming.

e MINICUBE

MINICUBE is a general-purpose in-circuit emulator from Renesas Electronics which adopts the JTAG interface system.
It allows the user to debug an onboard real processor and provides highly transparent and stable emulation
functionalities. An adapter is required to connect a TB board to MINICUBE.

e  Multi
Green Hills software, Inc. integrated development tool suit.

e JAR Embedded Workbench
IAR Systems integrated development tool suit.
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V850E2/MN4

A/D Converter Control

3. Software

This section describes the organization of the compressed files to be downloaded.

3.1 File Organization

The compressed files to be downloaded consist of the files that are listed below.

File Name Description Common CubeSuite+ Multi File
(Tool Structure) Source File File
crtE.s Hardware initialization processing [J
startup.s [J
V850E2MN4 dir Link directive file [
V850E2_MN4 ADC.Id [
vector.s Vector table ®
adc.h Variable and function declarations ®
main.c Main processing [
initial.c Software initialization processing ®
adc_control.c A/D converter control [J
interrupt.c Interrupt processing [J
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A/D Converter Control

4. Sample Application

This section explains the A/D conversion of this sample program.

4.1 Flow Charts

The flow charts of this sample program are given below.

4.1.1 Main Processing
The main processing sets up and then starts A/D conversion. The A/D conversion is repeated and its state is indicated
by the LEDs. When A/D conversion ends, the signal for LEDI is inverted.

Overwriting of a result of A/D conversion before it is read leads to the generation of an error interrupt

(INTADCANTERR) indicating this, and LED2 is turned on in response.

See section 4.1.2 for the details of the individual transfer processing.
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v
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2
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Figure 4.1 Main Processing Flowchart
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V850E2/MN4 A/D Converter Control

4.1.2 Interrupt Processing Flow
When A/D conversion ends or an A/D conversion error occurs, interrupt processing is executed accordingly.

Conversion end Conversion error
interrupt interrupt
INTADCAOIO INTADCAOERR

' '

Store conversion data

Turn of LED2

in RAM
Invert LED1 Stop conversion
Restart conversion ( End of processing )

( End of processing )

Figure 4.2 Interrupt Processing
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V850E2/MN4

A/D Converter Control

4.2 Register Setup

This section explains how to set up the relevant registers according to the flow charts shown in section 4.1. The

registers described below must be configured to control the A/D converter.

4.2.1 Port Setup

The LEDs are connected to port 13. The pertinent control registers must be set up as shown in the table below. The

P13 7 pin is used for LED1. The P13 _6 pin is used for LED2.

Macro Pin PMC PFCE PFC PM Corresponding function
PORT P13_6 0 0 0 0 Port mode, output
P13 7 0 0 0 0 Port mode, output

Setting examples

/* P13_6: LED2; port mode; output*/
/* P13_7: LED1; port mode; output®/
PFCE13 = 0x0000;

PFC13 = 0x0000;

PMC13 = 0x0000;

PM13 = 0x0000;

4.2.2 A/D Converter Stabilization Counter Register (ADCANCNT)

This register specifies the stabilization time of the A/D converter.

Access This register can be read or written in 8-bit units.

Address <ADCAn_base OS>+ 114y

Initial value 00y This register is initialized by any reset.

7 2] 5 4 3 2 1 0
ADCARCHNTLT:0]
RW RW AW RwW RW AW RW RwW
Table 25-13 ADCANCNT Register Contents
Bit Position Bit Name Description
Ttol ADCAN These bits specify the stabilization counter value.
CMNT[7:0] Stabilization time = ADCARCMNT[7:0] = clock cycles (PCLK)
Figure 4.3 ADCANCNT Register Format
Setting example
ADCAOCNT = Oxff; [* stabilization counter */
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A/D Converter Control

A/D Converter Mode Control Register 1 (ADCANnCTL1)

This register specifies the conversion mode and controls the conversions.

Acocess  This register can be read or written in 32-bit unifs.

Addrass <ADCAN_base_ 05> + 104y

Imitial valua 0100 0008,;. This register is initializad by any resat.

M 80 20 28 97 98 95 94 93 P22 4 0 418 18 4T 18
ADCANTZETS | ADGANTIETS | ADCARTOETS | O |[ADCAn| O | O |ADCAR|ADCAn| O | O |ADCAn|ADCAn
0] [1:8] [1:0] CRAC MDf | w00 DISC | AGL

AW RW RW AW RW RW RW AW RW RW RW RW RW RW RW RMW

15 14 13 2 N 10 g ] T 8 5 4 3 2 1 0
ADCAn| O ADCA ADC AnFR{3:0] ] ADCANTAM[Z:0] |ADCAn| O 0 |ADCAn
CTYP nSTL BRC GRS

AW AW RW RW RMW

RW HRW RW RW RW RW RW AW RW RW RW

Table 25-10 ADCAnCTL1 Register Contents (1/3)

Bit Position

Bit Name

T

H 1o 26

ADCAR
TiETS[:0]

Thess bils spacily the valid edge of the hardwars ingger signal ADCANTTARGL
TeTs! | TeTso Valid Edge
0 0 Mo valid edge detecton (no acknowi=dgment)
R=s=ing edige
Falling edos
Rz=ing and falling edges

0 1

1 1]
1 1

24

ADCAnR
CRAC

Thie bit specifies the abgnment of the AT conversion and dagnostac comersson
results.

- Right-aligned

1: Lefi-aligned

21

ADCARMD

This bit epecifies the AT conwversion star trigger for al CGs.
0 Software tiggsr
1: Hardware trigger and software trigger
Thie setting iz valid for 28 CGs.
Triggers are only detecied when the AD comverter is enabisd.
For detaile, sss 25, 3.5 “Starting A'D conversion (siart mggers )™ on page 1670 .

ADCARMDO

Thig bit epecifies the AT conversion mode for CG0.
{0z One-shot comnversion mods
The mumber of repstibons s specified by ADCARCTLOADCANSCTE 0] for each
CaE.
1: Confinuous comersion mode
Thie sstting applies to the AD conversson of CG0 only.
CG1 and CG2 are always operated in the one-shol conversion mode.
For details, sse 25 3.4 "AD comversion modes" on page 1667 .

ADCARDISC

Thig bit enables or dizables the dischange function.
(0 Diisable
1: Enable

For detaile, sss 20 3,15 schargs unciion [product dependent]” on page 1694 .

Figure 4.4 ADCANCTL1 Register Format (1/3)
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V850E2/MN4 A/D Converter Control

Table 25-10 ADCARCTL1 Register Contents (2/3)

Bit Position Bit Name Description

16 ADCANRRCL | This bit specifies whether the A'D conversion results in ADCANCmCR and
ADCANDEICRH are retained after reading them.
0: Retain the A/D conversion result unfil it is overwritten by the next AD
conversion result.
1: Clear the A/D conversion result after reading it.

15 ADCARCTYP | This bit specifies the resolution mode.
0: 12-bit resolution (product dependent)
1: 10-bit resolution

12 ADCARSTL | This bit specifies the ADCARCNVI signal level.

0: When ADCARCNVI = L, CGi is not undergoing conversion.
When ADCARCMVI = H, CGi is undergoing conversion.

1: When ADCARCNVI = H, CGi is not undergoing conversion.
When ADCARCNVI = L, CGi is undergoing conversion.

11108 ADCARFR | These bits specify the ADCAR clock ADCARTCLK.

[3:0] ADCANRFR[3:0] ADCAnR Clock
0000 PCLK/2
0001 PCLK/3
0010 PCLK/4
0011 PCLK/S
0100 PCLK/G
0110 PCLK/8
1000 PCLKAO
1010 PCLKM2
1100 PCLK/M4
1110 PCLKME
Other than the above | Setting prohibited
Figure 4.5 ADCANCTL1 Register Format (2/3)
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V850E2/MN4 A/D Converter Control

Table 25-10 ADCANCTL1 Register Contents (3/3)

Bit Position Bit Name Description

Gtod ADCANTRHMI | These bits specify the interrupt behavior when the start trigger for the A/D

(product conversion of a higher pricrity CG is input (or when transitioning to the ADCHALT

dependent) | mode is requested).

(: Interrupt the current A/D conversion of CGI, and start the AD conversion of
the higher pricrity CG (or enter the ADCHALT mode).

1: Finish the current CGi channel conversion, interrupt A/D conversion of the
CG, and start the A/D conwversion of the higher priority CG (or enter the
ADCHALT mode).

A/D conversion of CGi is confinued as soon as all pending A/'D conversions of
higher priority CGs have been completed (or the ADCHALT mode has been
exited).

The priority is as follows: ADCHALT = CG2 = CG1 = CGO0

For details, see (1) "Omer of A/D conversion” on page 1665.

3 ADCANEPC | This bit enables or disables the buffer amplifier function.
(: Disable
1: Enable
For details, see 25 3. 16 “Buffer ampiifier fundtion” on page 1689 .

0 ADCAnGPS | This bit turns ADCAn on or off.

0: Power off

1: Power on
The A/D converter needs time to stabilize after being turned on. (For details, see
25.3.17 “Stabilization conirol” on page 1700 ).

Figure 4.6 ADCANCTL1 Register Format (3/3)

Setting example

ADCAOCTL1 =0x00028001; /* no detection of hard edge;
right aligned conversion result;
software trigger;
one shot mode;
discharge on;
keep conversion result after read-out;
10bit resolution mode;
ADCATCNVO0,1,2=L means no conversion;
ADCATCNV0,1,2=H means running conversion;
1/2 A/D Frequency configuration */

RO1AN0923EJ0100 Rev.1.00 Page 11 of 26
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V850E2/MN4 A/D Converter Control

424 A/D Converter Channel Group Register i (ADCANnCGI)
This register creates a scan list for the corresponding CG. The channels specified in the scan list are converted in
ascending order.

In addition, ADCAnCGO0.ADCANDIAG can be used to enable or disable the diagnosis of A/D conversion that uses the
reference voltage signal (ADDIAGOUT).

Access  This register can ba read or written in 22-bit units. Because this registar has a
master’siave configuration, a new A/D conversion channel can be specified for
the master registar during AD conversion. The timing at which the masier
registar value is transfarrad to the slave register is as follows:

« | CGiis not undergoimg AD comeearsion, the value is transierred one clock
cycle (PCLK) after writing io the master register.

« | CGi is undargoing AD comversion, the valua is transferred when tha CGi
=can list conversion currently being executed ends.

« |i the CGi stop trigger bit (the ADCANSPI bit) is set aftar a write to this
reqgisier, tha valua is transiarred when A/D comversion stops.

Address <ADCAn_base USER= +i x4y
Initial value 0000 ODOD. This register is initialized by amy reset.

3 30 29 2B 2y 28 25 24 23 =2 M 20 i 18 17 i6

A0CAR| O i) ] 0 ] 0 1] ADCAnCGEER23:1E]
DiaG
AW RW RW AW RW RW AW RW RW RW RW RW RW RW AW RW

15 14 13 12 11 10 © 8 7T 6 & 4 3 2 1 0
ADCANCGIS15:00]
AW RW RW AW RW RW AW RW AW AW RW RW RW RW RW AW

Table 25-11 ADCAnCGI Register Contents

Bit Position | Bit Mame Description
3 ADCANDIASG | Thie b enables or dizables the diagnostic AT comversion that uses the reference
woliage signal ADDIAGOUT and s executed at the end of the AT conversion of
CGo.

0: Dizsabés AD comverson thai uses the ADDIAGOUT signal.

1: Comeert the ADDIAGOUT signal.
Thie bit can only be specified for ADCARCG0. Clear this bit for the ADCANCGA
and ADCARCIS2 registers.

23 fo 00 ADCARCGIS | These bits specify the analog input ssgnats fo be comerted for CGIL
[23:00] 0: Do not convert the analog input ADC Ankm.

1: Corvert the analog input ADCARIm.
Moteli=ar bits cormesponding to channels that are not provided by ths
mmicrocontrollar.

Figure 4.7 ADCANCGi Register Format

Setting example

ADCAOCGO0 = 0x00000001; /* conversion of ADDIAGOUT(AVdd) is not available;
ANIOO conversion */

RO1AN0923EJ0100 Rev.1.00 Page 12 of 26
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4.2.5 A/D Converter Interrupt Control Register i (ADCANIOCi)

The A/D conversion end interrupt INTADCAnNTi can be generated when the A/D conversion of a certain channel has

been completed.

This register specifies the channels for which the interrupt INTADCAnTi is generated on the completion of A/D

conversion.

If ADCAnIOCi is cleared to 0000 0000H, the interrupt INTADCANTI is automatically generated on the completion of

A/D conversion of CGi.
Access  This regisier can ba read or written in 32-bit units. It can be written at any timea,
even when the A/D converter is enabled (by sefting ADCARCTLO.ADCARCE
to 1). The new value takes effect after the current A'D conversion of GGl has
been completad.
Address <ADCAnN_base UUSER= + 00y +i = 4y
Imitial valua 0000 D000, This register is initialized by amy resat.
g 30 29 28 27 26 25 24 23 2 21 20 1@ 1B 17 16
ADCARC| O 0 o i} 0 a i ADCANCGIl[23-16]
GOIDE
AW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
15 14 13 12 11 10 2 B T B h 4 3 2 1 (i
ADCANCGIl[15:100]
AW BRW RW RW RW RW HRW BRMW RW RW RW RW HRW RW RW RW

Tabla 25-12 ADCAnIOCi Register Contants

Bit Position

Bit Mam=

——

3

ADCAR
CGMDG

and ADCARIOCE registers.

Thie bit epecifies whether the intermupt INTADCANTI is generated on compéstion of
the AT conversion that uses the reference voltage when the diagnostic mode =
enabled for CGO (by sstting ADCARCG0ADCANDNAS t0 1).

0: Do not generate the AT conversion end interrupt INTADCARTL

1: Generate the AT comversion end intermupt INTADC AnTi.
This bit can only be specified for ADCANIGC0. Clear this bit for the ADCARICC

For detais, ese (1) "AD conversion orouit diaggnosis” on page 1685.

23 to 0D

ADCAR
CGil[23:00]

microcontroller.

These bits epecify whather the AT conversion end intermupt INTADCANT =
generated on AT conversion compéstion of channel m.

0: Do not generate the AD comversion end interrupt INTADC AnTL

1: Genarate the AT conversion end intsrmupt INTADC ARTL
HNotellear bits coresponding to channels that are not provided by this

Mote Becauso the ADCARIOC register is associated with the ADCARCGI register,
thair buffer registers musi be updated simultaneously. Bacause the update is
periormed when the ADCANCEI register is writien to, always write io the
ADCARIDC registar Deiore the ADCARCGI register when changing the inferrupt

generation for a CG.

Setting example

Figure 4.8 ADCANIOCi Register Format

ADCAO0IOCO = 0x00000001;

/* ADCATINTO does not output at the end of channel diag conversion;
ADCATINTO output at the end of channel 00 (CGO) conversion */
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V850E2/MN4 A/D Converter Control

4.2.6 A/D Converter Mode Control Register 0 (ADCANCTLO)

This register enables or disables the A/D converter. In addition, it specifies the number of repetitions in the one-shot
conversion mode and whether to generate error interrupt requests when an A/D conversion is overwritten before it is
read.

Access  This register can be read or written in 18-bit units.
Address <ADCAn_base OS> + 1004

Initial value 0000y. This register is initialized by any resst.

16 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0 | o | o [ADCAn| ADCANOEM[3:1] |aDCAn[aDCAR] 0 [ADCAnSCT2[ADCANSCTI|ADCANSCTO
OEMY OEMD | CE [1:0] [1:0] [1:0]

RW RW AW RW RW RW RW RW RW AW RW RW RW RW RW RW

Table 25-9 ADCANCTLO Register Contents (1/2)

Bit Position Bit Name Description
12 ADCAR This bit specifies whether the error interrupt INTADCANTERR is generated when
QOEM4 an A/D conversion result in the ADCARLCR register is overwritten before it is
read.
0: Generate the error interrupt INTADCANTERR when an A/D conversion result
is overwritten.

1: Do not generate the error interrupt INTADCARTERR.
For details, see (1) "Conversion result overwrite check function”™ on page 1682.

1109 ADCAR These bits specify whether the error interrupt INTADCANTERR is generated when
OEM[3:1] | an A/D conversion result in an ADCANDBICR register is overwritten before it is
read.
(: Generate the error interrupt INTADCARTERR when an A/D conversion result
is overwritten.

1: Do not generate the error interrupt INTADCARTERR.
CGl is controlled by the ADCAROEMIi+1) bit.
For details, see (1) "Conversion result overwrite check function”™ on page 1682.

Figure 4.9 ADCANCTLO Register Format (1/2)
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Table 25-9 ADCANCTLO Register Contents (2/2)

Bit Position | Bit Name Description
A ADCAN This bit specifies whether the error interrupt INTADCANTERR is generated when
QEMOD an AD conversion resul in the ADCARCmCR register is overwritten before it is
read.
(: Generate the error interrupt INTADCARTERR when an A/D conversion result
is overwritten.

1: Do not generate the ermror interrupt INTADCARTERR.
For details, see (1) "Conversion result overwrite check funclion” on page 1682,

7 ADCANCE | This bit enables or disables the A/D converter.

0: Disable the A/D converter.

1: Enable the A/D converter.
Mote that A’D conversion only starts when there is a hardware or software trigger
(ADCANTRGIADCANSTTI) if ADCANCTLO.ADCANCE is set to 1. Also note that
the A/D converter needs time to stabilize after it has been enabled. Start triggers
are acknowledged even immediately after turning the power on. A/D conversion
starts after the stabilization counter ADCANCNT reaches 00,,.

Gto0 ADCAN These bits specify the number of scan list conversions for CG1, CG2, and CGOQ
SCTIi[1:0] while it i= in the one-shot conversion mode.

PéDcl:.:nA%n ‘;%c-:-:;l Number of CGi Scan List Conversions
0 0 1
0 1 2
1 0 3
1 1 4

Figure 4.10 ADCANCTLO Register Format (2/2)

Setting example

ADCAOCTLO = 0x0080;
/* ADCATERR which is generated by ADCAOLCR register overwrite admitted;
ADCATERR which is generated by ADCAODBICR register overwrite admitted;
ADCATERR which is generated by ADCAOCMCR register overwrite admitted,;
A/D Controller enable ON;
1-time conversion of CGO scanlist(channel 00) */

RO1AN0923EJ0100 Rev.1.00 Page 15 of 26
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4.2.7 A/D Converter Software Trigger Register i (ADCANTRGI)
This trigger register is the trigger register for starting the A/D conversion of CGi.

Access  This register can be written in 8-bit units. When this register is read, 004 is
always returned.

Address <ADCAn_base_USER> + Ad, + i x 4y

Initial value 00y This register is initialized by any reset.

7 B 5 4 2 i 0

0 0 0 0 0 0 0 ADCAN
8TTI

W W W W W W W W

Table 25-19 ADCANTRGI Register Contents

Bit Position Bit Name Description
0 ADCANRSTTI | This bit starts the A'D conversion of CGi.
0: Mo function
1: Start the A/D conversion of CGi.

Figure 4.11 ADCANTRGI Register Format

Setting example

ADCAOTRGO = 0x01; /* conversion start */
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V850E2/MN4

4.2.8 A/D Conversion Result Registers (ADCANLCR, ADCANCmCR, and ADCAnDBICR)
ADCAnLCR — A/D converter latest conversion result register

ADCAnCmCR — A/D converter conversion result register for channel m

ADCAnDBiCR — DMA buffer register of CGi

Access This register can be read in 32-bit units.
= The upper 16 bits store the AT conversicn rasult stafus.
= The lower 16 bits siore the AD conversion result
Address <ADCAn_base USER:> + Ay
Initial value Q300 D000y, This register is inftalized by any resat.
3 30 29 28 27 26 25 24 23 id 2 20 1@ 1B 1T 16
] 0 0 ] 0 0 ADCAn  |ADCAn [ADC AR [ADCAR ADCAnL CH[4-0]
LCG[:0] | LER1 |LEAD | LUA
R R R R AR R R R AR AR H B AR AR R A
15 14 13 12 11 10 9 B T B h i 3 2 1 0
ADCANL CA[15:00]
R R A R R R ] A R A A R R A R A

Table 25-23 ADCAnLCR Registar Contents (1/2)

Bit Position | Bit Mame Description
25,24 ADCAn | These bils indicatle the CG o which the conwersion result stored in
LCG[H-0] | ADCAnLCR[15:00] belongs.
ADCAn | ADCAR
LCCd LCCD Channel Group
0 ] CGo
a0 1 CGA
1 0 CE2
1 1 Mone
3 ADCAn | This bit indicates the overwrite amor status.
LER1 0z Mot overaritian
1: Cvenwritten
This =mor flag ie ciearsd by sefing ADCARSTC2 ADCANLERCA.
2 ADCAn | This bal indicates the staius of the A/D conversion result imil comparison.
LERD 0: The conwersion results are within the specifisd rmnge.
1: The conwersion results are not within the specified ranga.
Thés emor flag is clearsd by seting ADCANSTC2 ADCANLERCO.
21 ADCAn | Thes bel ndicates the updaie status of the A'D comversion resufl.
LUR 0: The AT conversson resufl has been read from the ADCANLCH regster.
1: The AD conversson resul is new and has not been read from the ADCARLCR
regisier.
Thizs bdl s cleared by reading it
Oto 16 ADCAn | These bils indicaie the channel number to which the conversion result stored in the
LCM[4:0] | ADCAnLCR[15:00] bits belongs.
00001 = m = CHmM

Figure 4.12 ADCANLCR Register Format (1/2)
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V850E2/MN4 A/D Converter Control

Table 25-23 ADCANLCR Register Contents (2/2)

Bit Position | Bit Name Description

15to0 ADCAN | These bits indicate the A/D conversion result.
LCR The resolution and alignment depend on ADCANCTL1.ADCANCTYP and
[15:00] | ADCANRCTL1 ADCANCRAC as follows:

ADCANn | ADCAn
CTL1. CTL1. AJD Conversion Result
ADCAn | ADCAn | Reselution and Alignment Value Bit Position
CTYP CRAC
0 0 12-bit resolution, right- [11:00] of
aligned ADCANLCR[15:00]
0 1 12-bit resolution, left-aligned | [15:04] of
ADCANLCR[15:00]
1 0 10-bit resolution, right- [09:00] of
aligned ADCANLCR[15:00]
1 1 10-bit resolution, left-aligned | [15:06] of
ADCANLCR[15:00]

Note When A/D conversion is performed by using the internal reference voltage, the
A/D conversion result is stored in the ADCARDGCR register, not in the
ADCANnLCR, ADCARCmCR, and ADCAnDBICR registers. (For details, see {4)
"ADCAnDBICRL — DMA buffer register of CGi (product dependent)” on page
1722))

Figure 4.13 ADCANLCR Register Format (2/2)
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Accoss

This register can be read in 32-hit units.
= The upper 16 bits store the AT conversion result status.
= The lower 16 bits siore the AD conversicn result.

Address  <ADCAnN_base UUSER: + 3C, +m = 4y
Imitial valua 0300 0000y + M = 0001 0000y This register is initialized by any reset.
Y 30 29 28 27 26 25 24 23 2 21 20 i@ 18 1T 16
1] 0 0 0 0 o0 ADCAn  [ADCAn [ADCAn [ADZAR ADCARCmCH[4:0]
CmCG[:0) |CmEAR1 |CmERD| CmlA
R R A R R R R A R R A R R A R A
15 14 13 12 11 10 g ] T & b 4 3 2 1 1]
ADCANCmCR[15:00]
R R A R R A R A R R A R R A R A
Motes 1. The functicns of each bit are the same as those of the ADCARLCH
register, except that hara they affect the latest A/D conversion result for a
specific channel instead of the latest AD conversion resulis for all
channels. (Fordetails, sea Table 25-23 "ADCAnLCR Ragister Comtants™ on
page 1716.)
2. After a resat, the ADCARCMCG[1:0] bits are sat to 115
3. K ADCAnCTL1 ADCANRRCL is cleared, the AD comersion result in the
ADCARCmCR[15:00] bits is kept until it is overwritien by the next AT
comersicn result
if ADCANCTLY ADCANRCL is set, the ADCANCmMCR[15:00] bits are
cleared by reading tham.
Table 25-24 ADCAnCmCR Register Contents (1/2)
25,24 ADCAN | These bits indicate the CG o which the comeersion result stored in
CmCG | ADCANCmCR[15:00] belongs.
[1-9] ADCAn | ADCAR
CmCG1 | CmCG0 ‘Channal Croup
0 o0 CiGo
] 1 CGH
1 0 CGE2
1 1 MNone

Figure 4.14 ADCANCmCR Register Format (1/2)
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Table 25-24 ADCANnCmCR Register Contents (2/2)

Bit Position | Bit Name Description

23 ADCAnN | This bit indicates the overwrite error status.
CmERA 0: Mot overwritten
1: Overwritten
This error flag reflects the value of ADCARSTR1.ADCAROWEM and is cleared by
setiing ADCARSTCA . ADCARCQWECM.

22 ADCAn | This bit indicates the status of the A/'D conversion result limit comparison.
CmERD (: The conversion results are within the specified range.

1: The conversion results are not within the specified range.
This error flag reflects the value of ADCARSTROADCARRCEmM and is cleared by
setting ADCANSTCO.ADCANRCECT.

21 ADCAN | This bit indicates the update status of the A’D conversion result.
CmuUR 0: The A/D conversion result has been read from the ADCARCmMCA register.
1: The A/D conversion result is new and has not been read from the ADCARCmCR
register.
This bit is cleared by reading it.

20t0 16 ADCAn | These bits indicate the channel number to which the conversion result stored in the
CmCN | ADCARCmCRI[15:00] bits belongs.
[4:0] 00001 »= m = CHm
16to0 ADCAnN | These bits indicate the A/D conversion result.

CmCR | The resolution and alignment depend on ADCAnRCTL1 . ADCARCTYP and
[15:00] | ADCANCTL1. ADCANCRAC as follows:

ADCAn | ADCAR
CTLA. CTLA1. A/D Conversion Result
ADCAn | ADCAn | esolution and Alignment Value Bit Position
CTYP CRAC
0 0 12-bit resolution, right- [11:00] of
aligned ADCANRCmCR[15:00]
0 1 12-bit resolution, left-aligned | [15:04] of
ADCANRCmCR[15:00]
1 0 10-bit resolution, right- [09:00] of
aligned ADCARCmCA[15:00]
1 1 10-bit resolution, left-aligned | [15:08] of
ADCANRCmCA[15:00]

MNote  When A/D conversion is performed by using the internal reference voltage, the
A/D conversion result is stored in the ADCARDGCR register, not in the
ADCANnLCR, ADCANRCmCR, and ADCANnDBICR registers. (For details, see (4)
"ADCAnDBICHL — DMA buffer register of CGi {product dependent)” on page
1722))

Figure 4.15 ADCANCmCR Register Format (2/2)
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V850E2/MN4 A/D Converter Control
Access This register can be read in 32-bit units.
= The upper 16 bits store the AT conversicn result staius.
» The lower 16 bits store the A/D conversion result
Address <ADCAN_base USER= + G4y +ix 4y
Initial value 0000 ODOGy + i x 0100 0000y This rogistar is inifialized by any reset.
k1 30 29 2B 27 28 25 24 23 2 M 20 i@ 1B i 18
o 0 1] 0 0 0 ADCAn  |ADCAn |ADCAn [ADCAR ADCANDBICH[4:0]
DB:CG[1:0] |DEIER1 [D8ERD| DBIUA
R R R R R R R A R R 3 R R R R R
15 14 13 i2 11 10 g 8 F) i 5 i 3 2 1 1]
ADCANDBICR[5:00]
R A R R R A R A R R A R R R R R
Mote The functions of each bit are the same as those of the ADCARLCRH register,
except that here thay affeci the lafest A'D conversion result for CGi instead of
the latest AD corversion resulis for all CGs. (For details, seo Table 25-23
“ADCARLC R Register Contents™ on page 1716.)
Table 25-25 ADCAnDBICH Register Contents (1/2)
25,24 ADCAn | These bis indicaie the CG to which the comversion result stored in
DBICG | ADCAnDBRCR]15:00] belongs.
[1:0]
\ ADCAn | ADCAR
DBICGH | DBICGD L
a 0 CGo
0 1 CGi
1 o CG2
i 1 MNone
The values of these bits are fixed because the conversion resufte and status of the
same CG are always saved.
23 ADCAn | Thes be ndicates the overamits emor status.
DEBIiER1 0: Mot overaritien
1: Overwntten
This error flag is cleared by sefing ADCANSTCZ ADCARDEIERCY .
22 ADCAn | Thes bat indicates the status of the A/D convereion resuft imit comparison.
DBIERD {: The conwersion results are withen the specifisd rangs.
1: The conversion resulis are not within the specifisd range.
Thes emor fiag ie clearsd by setting ADCANSTCZ ADCANDEERCOD.
21 ADCAn | Thes bet inchcates the update status of the A'D conmversion resufi.
DBiLUR 0: The AT comersion result has been resd from the ADCANDBICR regester.
1: The AD comeersion result is new and has not been read from the ADCARDECH
regisiarn.
This bt is cleared by reading it

Figure 4.16 ADCANDBICR Register Format (1/2)
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Table 25-25 ADCANDBICR Register Contents (2/2)

Bit Position | Bit Name Description
20to 16 ADCAnN | These bits indicate the channel number to which the conversion result stored in the
DBICN | ADCANDBICR[15:00] bits belongs.
[4:0] 00001 = m = CHm
15t00 ADCAnN | These bits indicate the A/D conversion result.

DBICR | The resolution and alignment depend on ADCANCTL1.ADCANCTYP and
[15:00] [ADCAnCTL1.ADCANCRAC as follows:

ADCANn | ADCAN
CTLA. CTL1. AJD Conversion Result
ADCAn | ADCAn | Resolution and Alignment Value Bit Position
CTYP CRAC
0 0 12-bit resolution, right- [11:00] of
aligned ADCAnDBICR[15:00]
0 1 12-bit resolution, left-aligned | [15:04] of
ADCANDBICR[15:00]
1 0 10-bit resolution, right- [09:00] of
aligned ADCANDBICR[15:00]
1 1 10-bit resolution, left-aligned | [15:08] of
ADCANDBICR[15:00]

Note When A/D conversion is performed by using the internal reference voltage, the
A/D conversion result is stored in the ADCARDGCR register, not in the
ADCANnLCR, ADCANCmCR, ADCAnDBICR, and ADCAnDBICRL registers.
(For details, see (5) "ADCARDGCR — Diagnostic conversion result register” on

page 1723.)

Figure 4.17 ADCANDBICR Register Format (2/2)

Setting examples

adc_result[0] = ADCAOLCR,; /* read converted result */
adc_result[1] = ADCAOCO0CR; /* read converted result */
adc_result[2] = ADCAODBOCR; /* read converted result */
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4.3 Function Specifications

This section describes the specifications for the functions that are used by the sample program.

431

Main Processing (main.c)

[Function Name]
[Function]
[Arguments]
[Return Value]
[Startup Method]
[SFRs Used]

main ()

Calls necessary initialization functions before entering an infinite loop.

None
None
Enters the main function after hardware initialization.
None

[Calling Function] None

[Variables] None

[File Name] main.c

[Notes] None

4.3.2 Software Initialization Processing (initial.c)
[Function Name] port_initial()

[Function] Sets up ports and their mode.
[Arguments] None

[Return Value] None

[Startup Method] Call

[SFRs Used] PFCE13, PFC13, PMC13, PM13
[Calling Function] main()

[Variables] None

[File Name] initial.c

[Notes] None

[Function Name] cg_initial()

[Function]
[Arguments]
[Return Value]
[Startup Method]
[SFRs Used]
[Calling Function]
[Variables]

[File Name]
[Notes]

Initializes the special clock frequency control register.
None

None

Call

SFRCTL3

main()

None

initial.c

None
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[Function Name]
[Function]
[Arguments]
[Return Value]
[Startup Method]
[SFRs Used]
[Calling Function]
[Variables]

[File Name]
[Notes]

hbus_initial()

Initializes the AHB bus
None

None

Call

ETARCFGO, ETARADRSO, ETARMASKO

main()
None
initial.c
None

[Function Name]

board_initial()

[Function] Sets up the initial state of the LEDs.
[Arguments] None

[Return Value] None

[Startup Method] Call

[SFRs Used] P13

[Calling Function] main()

[Variables] None

[File Name] initial.c

[Notes] None

[Function Name] ram_initial()

[Function] Sets up the initial state of the user RAM.
[Arguments] None

[Return Value] None

[Startup Method] Call

[SFRs Used] None

[Calling Function] main()

[Variables] adc_result[]

[File Name] initial.c

[Notes] None
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4.3.3 Control Processing (adc_control.c)
[Function Name] adc_initial()

[Function] Sets up the operation of the ADC.
[Arguments] None

[Return Value] None

[Startup Method] Call

[SFRs Used]

ICADCAOERR, ICADCAOIO, ADCAOCNT, ADCAOCTL1, ADCAOCGO,
ACAOIOCO, ADCAOTSELO, ADCAOCTL2, ADCAOLL, ADCAOUL, ADCAOCTLO,
ADCAOTRGO

[Calling Function] main()

[Variables] None

[File Name] adc_control.c

[Notes] None

434 Interrupt Processing (interrupt.c)

[Function Name] int_adca0i0()

[Function] Processes A/D conversion end interrupt.
[Arguments] None

[Return Value] None

[Startup Method]
[SFRs Used]
[Calling Function]
[Variables]

[File Name]
[Notes]

Request INTADCADOIOQ is present in an unmasked state.
ADCAOLCR, ADCAOTRGO0, ADCAOCO0CR, ADCAODBOCR, P13
None

adc_result[]

interrupt.c

None

[Function Name]
[Function]
[Arguments]
[Return Value]
[Startup Method]

int_adcaOerr()

Processes A/D conversion error interrupt.

None

None

Request INTADCAOERR is present in an unmasked state.

[SFRs Used] P13, ADCAOCTLO

[Calling Function] None

[Variables] None

[File Name] interrupt.c

[Notes] None
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Website and Support

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

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

All trademarks and registered trademarks are the property of their respective owners.
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes on the
products covered by this manual, refer to the relevant sections of the manual. If the descriptions under General
Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each other, the
description in the body of the manual takes precedence.

1. Handling of Unused Pins

Handle unused pins in accord with the directions given under Handling of Unused Pins in the manual.

— The input pins of CMOS products are generally in the high-impedance state. In operation with an
unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of 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 one with a different type number, confirm that the

change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different type numbers may differ
because of the differences in internal memory capacity and layout pattern. When changing to
products of different type numbers, implement a system-evaluation test for each of the products.
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"Specific": Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or systems for life support (e.g. artificial life support devices or systems), surgical
implantations, or healthcare intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

8. 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
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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.
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