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SH7211 Group 
12-Bit A/D Converter: 
Example of Settings for Conversion in Continuous Scan Mode 

Introduction 
This application note describes an example of settings for the 12-bit A/D converter in continuous scan mode as a 
sample application for the A/D converter of the SH7211. 
 

Target Device 
SH7211 
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1. Preface 

1.1 Specifications 
• A/D conversion in continuous scan mode by the 12-bit A/D converter 
• Three rounds of A/D conversion are performed on analog input channels 0 to 3 (AN0 to AN3), and the converted 

data are stored in RAM. 
 
 

1.2 Module Used 
• 12-bit A/D converter (12-bit A/D) 
 
 

1.3 Applicable Conditions 
• MCU SH7211 (R5F7211) 
• Clock operating mode 6 
• Operating frequency Internal clock: 160 MHz 

 Bus clock: 40 MHz 
 Peripheral clock: 40 MHz 

• C compiler SuperH RISC Engine Family C/C++ Compiler Package Ver.9.0.3.0 
 from Renesas Technology 

• Compiler options Default settings of the High-performance Embedded Workshop 
 (-cpu = sh2a -debug -gbr = auto -global_volatile = 0 -opt_range = all 
 -infinite_loop = 0 -del_vacant_loop = 0 -struct_alloc = 1) 

 
 

1.4 Related Application Note 
None 
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2. Description of the Sample Application 
The sample program employs the continuous scan mode of the 12-bit A/D converter to perform three rounds of A/D 
conversion on input channels 0 to 3 (AN0 to AN3), and then stores converted data in RAM. 

 

2.1 Operational Overview of Module Used 
The operating modes of the 12-bit A/D converter are single-cycle scan mode and continuous scan mode. In single-cycle 
scan mode, A/D conversion is performed once on each of one or more specified channels and then ends. The ADST bit 
is automatically cleared to 0. In continuous scan mode, A/D conversion is performed sequentially on one or more 
specified channels until the ADST bit is cleared to 0 by software. 

A/D conversion is started by one of the following three methods. 

1. Setting the ADST bit by software 
2. A/D conversion triggers (TRGAN, TRG0N, TRG4AN, and TRG4BN from MTU2; TRGAN, TRG4AN, and 

TRG4BN from MTU2S) 
3. Input of an external trigger: Falling edge on the ADTRG pin 
 
Additionally, channels 0 to 2 have dedicated sample-and-hold circuits, so multiple channels are capable of 
simultaneous sampling. 

Table 1 gives an overview of the module used in this sample application (i.e. the A/D converter) and figure 1 is a block 
diagram of the 12-bit A/D converter. For details on the 12-bit A/D converter, see the section on the A/D converter in 
the SH7211 Group Hardware Manual (REJ09B0344). 

 
Table 1 Overview of the Module (A/D Converter) Used in the Sample Application 

Item Description 
Resolution 12 bits 
Minimum conversion time 1.25 µs per channel 
Number of modules 1 
Input channels 8 
Operating modes Single-cycle scan mode 

Continuous scan mode 
Sample-and-hold function Common to 0 to 2 channels: 1 circuit 

Dedicated for individual channels: 1 circuit each for ch0 to ch2 (3 in all) 
Sources for activation of A/D 
conversion 

Software: Setting of the ADST bit 
Timers: TRGAN, TRG0N, TRG4AN, and TRG4BN signals from the 
 MTU2 module 
 TRGAN, TRG4AN, and TRG4BN signals from the MTU2S 
 module 
External trigger: ADTRG 
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Figure 1   Block Diagram of the 12-Bit A/D Converter 
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2.2 Procedure for Setting Module Used 
Figure 2 shows an example of the initialization sequence for A/D conversion in continuous scan mode. For details on 
the settings of individual registers, see the SH7211 Group Hardware Manual (REJ09B0344). 

 

START

END

Setting of standby control register 3 (STBCR3)

MSTP32 (module stop 32) bit is cleared to 0.

[Function]

The AD converter is released from module standby mode.

Setting of A/D control register (ADCR)

ADST: Clear the A/D Start bit to 0.

[Function] A/D conversion halts.

ADCS: Set the A/D Continuous Scan bit to 1.

[Function] Continuous scan mode is selected.

ACE: Set the Automatic Clear Enable bit.

[Function] Automatic clearing of ADDR after ADDR has been

  read is disabled or enabled.

ADIE: Set the A/D Interrupt Enable bit.

[Function] A/D conversion end interrupt is disabled or enabled.

TRGE: Set the Trigger Enable bit.

[Function] Starting of A/D conversion by the external trigger or 

  an A/D conversion start trigger from the MTU2 or 

  MTU2S module is disabled or enabled.

EXTRG: Set the Trigger Select bit.

[Function] A/D conversion start trigger is selected as a trigger

  from the MTU2/MTU2S modules or an external trigger

  from the external pin (ADTRG).

Specification of analog input channel (ADANSR)

Set ANS bits (ANS[7:0]).

[Function] Channels are selected

Clear of A/D end flag (ADSR)

ADF: Set the A/D End Flag bit to 0 after the ADF bit

         has been read.

[Function] A/D end flag is cleared.

Start of A/D conversion (ADCR)

ADST: Set the A/D Start bit to 1. 

[Function] A/D conversion starts.

START

Release A/D converter from module stop mode.

STB.CR3.BYTE = 0x7A;

Set A/D control register (ADCR).

Set A/D analog input channel select register

(ADANSR).

Start A/D conversion.

END

Set A/D status register (ADSR).

 

Figure 2   Initialization Sequence for 12-Bit A/D Conversion 
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2.3 Operation of the Sample Program 
In this sample program, A/D conversion in continuous scan mode is performed on channels 0 to 3 (AN0 to AN3). The 
A/D converter is activated by software and converted data are stored in RAM. This processing is repeated three times. 

Table 2 gives a description of RAM usage in this sample program. 

 
Table 2 Variable Used in the Sample Program 

Variable Name Description Area Name of Employing Module
Ad_data[AD][CH] Array for storing A/D-converted 

data (2 bytes/datum) 
On-chip RAM io_ad_conv (void) 

 

 

2.4 Sequence of Processing by the Sample Program 
Table 3 gives settings for registers used in the sample program and figure 3 shows the flow of handling the sample 
program. 

 

Table 3 Register Settings Used in Sample Program 

Register Name Address Setting Description 
A/D control register (ADCR) H'FFFF E800 H'00 • ADCS = 1: Continuous scan 

• ACE = 0: Disables automatic clearing of 
ADDR after reading of ADDR. 

• ADIE = 0: Disables A/D conversion end 
interrupt. 

• TRGE = 0: Disables starting of A/D 
conversion by an external 
trigger or by the MTU2 and 
MTU2S modules. 

A/D analog input channel 
select register (ADANSR) 

H'FFFF E820 H'0F • Selects AN0 to AN3. 
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Main (main)

Set the counter variable to 0.

Increment the counter variable.

Increment the counter variable.

Initialization of A/D converter
io_ad_init();

A/D conversion and storage of 

converted data
io_ad_conv(Ad_data[ad_count]);

A/D conversion and storage of 

converted data
io_ad_conv(Ad_data[ad_count]);

A/D conversion and storage of 

converted data
io_ad_conv(Ad_data[ad_count]);

Stop A/D conversion.

START

END

Initialization of A/D converter
(io_ad_init)

END

START

Release A/D converter

from module stop mode.
STB.CR3.BYTE = 0x7A;

Set A/D control register (ADCR).

Set A/D analog input channel select 

register (ADANSR).

Set A/D status register (ADSR).

Start A/D conversion.

A/D conversion
(io_ad_conv)

END

START

Store result of conversion.

End of A/D conversion?
ADC.ADSR.BIT.ADF == 0?

Clear A/D end flag.
ADC.ADSR.BIT.ADF = 0;

Yes

No

 

Figure 3   Flow of Handling the Sample Program 
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3. Listing of Sample Program 
1. Sample program listing: "main.c" (1) 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

 

/*""FILE COMMENT""************************************************************** 

* 

* System Name  : SH7211 Sample Program 

* File Name  : main.c 

* Contents   : Sample program for A/D conversion in continuous scan mode 

* Version   : 1.00.00 

* Model   : M3A-HS11 

* CPU    : SH7211 

* Compiler   : SHC9.0.3.0 

* note    : A/D conversion in continuous scan mode is performed by the A/D 

*        converter. Three rounds of A/D conversion on analog input channels 

*        0 to 3 (AN0 to AN3) proceed, and the converted data are stored in RAM. 

* 

* The information described here may contain technical inaccuracies or 

* typographical errors. Renesas Technology Corporation and Renesas Solutions 

* assume no responsibility for any damage, liability, or other loss rising 

* from such inaccuracies or errors. 

* 

* Copyright (C) 2007 Renesas Technology Corp. All Rights Reserved 

* AND Renesas Solutions Corp. All Rights Reserved 

* 

* History : 2007.09.04 ver.1.00.00 

*""FILE COMMENT END""*********************************************************/ 

#include <machine.h> 

#include "iodefine.h"   /* SH7211 iodefine */ 

 

 

/* ==== prototype declaration ==== */ 

void main(void); 

void io_ad_init(void); 

void io_ad_conv(unsigned short *ad_buf); 

 

/* ==== symbol definition ==== */ 

#define AD 3 

#define CH 4 

 

/* ==== RAM allocation variable declaration ==== */ 

unsigned short Ad_data[AD][CH]; 

unsigned char ad_count; 
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2. Sample program listing: "main.c" (2) 
42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

 

/*""FUNC COMMENT""******************************************************* 

* Outline   : main 

*----------------------------------------------------------------------- 

* Include   : #include "iodefine.h" 

*      : #include <machine.h> 

*----------------------------------------------------------------------- 

* Declaration  : void main(void); 

*----------------------------------------------------------------------- 

* Function   : AD conversion with continuous scan mode 

*----------------------------------------------------------------------- 

* Argument   : none 

*----------------------------------------------------------------------- 

* Return Value : none 

*----------------------------------------------------------------------- 

* Note   : none 

*""FUNC COMMENT END""***************************************************/ 

void main(void) 

{ 

 

  ad_count = 0; 

 

  /* ==== Initial setting of ADC ==== */ 

  io_ad_init(); 

 

  /* ==== A/D convert ==== */ 

  io_ad_conv(Ad_data[ad_count]); 

  ad_count++; 

  io_ad_conv(Ad_data[ad_count]); 

  ad_count++; 

  io_ad_conv(Ad_data[ad_count]); 

 

  ADC.ADCR.BIT.ADST = 0;   /* A/D conversion stop */ 

 

  while(1){ 

    /* loop */ 

  } 

 

} 
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3. Sample program listing: "main.c" (3) 
81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

 

/*""FUNC COMMENT""******************************************************* 

* Outline   : Initial setting of ADC 

*----------------------------------------------------------------------- 

* Include   : #include "iodefine.h" 

*----------------------------------------------------------------------- 

* Declaration  : void ad_init(void); 

*----------------------------------------------------------------------- 

* Function   : Initial setting of ADC 

*----------------------------------------------------------------------- 

* Argument   : none 

*----------------------------------------------------------------------- 

* Return Value : none 

*----------------------------------------------------------------------- 

* Note   : none 

*""FUNC COMMENT END""***************************************************/ 

void io_ad_init(void) 

{ 

  /* ==== Release of module standby(ADC) ==== */ 

  STB.CR3.BYTE = 0x7A; 

 

  /* ==== Setting of ADC ==== */ 

  /* ---- A/D Control Register(ADCR) ---- */ 

  ADC.ADCR.BYTE = 0x40; 

    /* 7 = b'0   : A/D End Flag           */ 

    /* 6 = b'1   : Continuous scan          */ 

    /* 5 = b'0   : Automatic clearing of ADDR 

         after being read is disabled      */ 

    /* 4 = b'0   : Generation of A/D conversion end 

         interrupt is disabled        */ 

    /* 3-2 = b'0  : reserve            */ 

    /* 1 = b'0   : A/D conversion start by the external trigger 

         or an A/D conversion start trigger from 

         the MTU or MTU2S is disabled      */ 

    /* 0 = b'0   : A/D converter is started by the A/D conversion 

         start trigger from the MTU2 or MTU2S    */ 

 

  /* ---- A/D Analog Input Channel Select Register(ADANSR) ---- */ 

  ADC.ADANSR.BYTE = 0x0F;  /* AN0-AN3 */ 

 

  /* ---- A/D Status Register(ADSR) ---- */ 

  ADC.ADSR.BIT.ADF &= 0;  /* ADF clear */ 

 

  ADC.ADCR.BIT.ADST = 1;  /* A/D conversion start */ 

 

} 
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4. Sample program listing: "main.c" (4) 
127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

 

/*""FUNC COMMENT""******************************************************* 

* Outline   : A/D convert 

*----------------------------------------------------------------------- 

* Include   : #include "iodefine.h" 

*----------------------------------------------------------------------- 

* Declaration  : void ad_conv(unsigned short *ad_buf); 

*----------------------------------------------------------------------- 

* Function   : Clearing the ADF flag, storing converted data 

*----------------------------------------------------------------------- 

* Argument   : none 

*----------------------------------------------------------------------- 

* Return Value : none 

*----------------------------------------------------------------------- 

* Note   : none 

*""FUNC COMMENT END""***************************************************/ 

void io_ad_conv(unsigned short *ad_buf) 

{ 

 

  while(ADC.ADSR.BIT.ADF == 0){ 

    /* A/D conversion completion waiting */ 

  } 

 

  *ad_buf++ = ADC.ADDR0;   /* AN0 */ 

  *ad_buf++ = ADC.ADDR1;   /* AN1 */ 

  *ad_buf++ = ADC.ADDR2;   /* AN2 */ 

  *ad_buf++ = ADC.ADDR3;   /* AN3 */ 

  ADC.ADSR.BIT.ADF = 0;    /* ADF clear */ 

 

} 

 

/* End of File */ 
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4. Documents for Reference 
• Software Manual (REJ09B0051) 

SH-2A, SH2A-FPU Software Manual 
The most up-to-date version of this document is available on the Renesas Technology Website. 

 
• Hardware Manual 

SH7211 Group Hardware Manual (REJ09B0344) 
The most up-to-date version of this document is available on the Renesas Technology Website. 
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Website and Support 
Renesas Technology Website 

http://www.renesas.com/ 
 
Inquiries 

http://www.renesas.com/inquiry 
csc@renesas.com 
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3. You should not use the products or the technology described in this document for the purpose of military 
applications such as the development of weapons of mass destruction or for the purpose of any other military  
use. When exporting the products or technology described herein, you should follow the applicable export  
control laws and regulations, and procedures required by such laws and regulations.
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subject to change without any prior notice. Before purchasing or using any Renesas products listed in this  
document, please confirm the latest product information  with a Renesas sales office. Also, please pay regular  
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed  
through our website. (http://www.renesas.com)

5. Renesas has used reasonable care in compiling the information included in this document, but Renesas  
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information  
included in this document.

6. When using or otherwise relying on the information in this document, you should evaluate the information in  light 
of the total system before deciding about the applicability of such information to the intended application. 
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any  
particular application and specifically disclaims any liability arising out of the application and use of the  
information in this document or Renesas products.

7. With the exception of products specified by Renesas as suitable for automobile applications, Renesas  products 
are not designed, manufactured or tested for applications or otherwise in systems the failure or  malfunction of 
which may cause a direct threat to human life or create a risk of human injury or which require  especially high 
quality and reliability such as safety systems, or equipment or systems for transportation and  traffic, healthcare, 
combustion control, aerospace and aeronautics, nuclear power, or undersea communication  transmission. If you 
are considering the use of our products for such purposes, please contact a Renesas  sales office beforehand. 
Renesas shall have no liability for damages arising out of the uses set forth above.

8. Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:
  (1) artificial life support devices or systems
  (2) surgical implantations
  (3) healthcare intervention (e.g., excision, administration of medication, etc.)
  (4) any other purposes that pose a direct threat to human life
 Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who 

elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas  
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all  
damages arising out of such applications.

9. You should use the products described herein within the range specified by Renesas, especially with respect  to 
the maximum rating, operating supply voltage range, movement power voltage range, heat radiation  
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or  
damages arising out of the use of Renesas products beyond such specified ranges.

10. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific  
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use  conditions. 
Please be sure to implement safety measures to guard against the possibility of physical injury, and  injury or 
damage caused by fire in the event of the failure of a Renesas 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 applicable measures.  Among others, since the  evaluation of microcomputer 
software alone is very difficult, please evaluate the safety of the final products or system manufactured by you.

11. In case Renesas products listed in this document are detached from the products to which the Renesas  products 
are attached or affixed, the risk of accident such as swallowing by infants and small children is very  high. You 
should implement safety measures so that Renesas products may not be easily detached from your  products. 
Renesas shall have no liability for damages arising out of such detachment.

12. This document may not be reproduced or duplicated, in any form, in  whole or in part, without prior written  
approval from Renesas.

13. Please contact a Renesas sales office if you have any questions regarding the information contained in this 
document, Renesas semiconductor products, or if you have any other inquiries.

Notes regarding these materials

 2008. Renesas Technology Corp., all rights reserved. 
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