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Notice 
1. All information included in this document is current as of the date this document is issued. Such information, however, is 

subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please 
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to 
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website. 

2. 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. 

3. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. 
4. 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. 

5. When exporting the 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.  You should not use Renesas 
Electronics products or the 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.  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. 

6. 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. 

7. Renesas Electronics products are classified according to the following three quality grades:  “Standard”, “High Quality”, and 
“Specific”.  The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as 
indicated below.  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 categorized as “Specific” without the prior 
written consent of Renesas Electronics.  Further, you may not use any Renesas Electronics product for any application for 
which it is not intended without the prior written consent of Renesas Electronics.  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 an 
application categorized as “Specific” or for which the product is not intended where you have failed to obtain the prior written 
consent of Renesas Electronics.  The quality grade of each Renesas Electronics product is “Standard” unless otherwise 
expressly specified in a Renesas Electronics data sheets or data books, etc. 

“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. 

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support. 

“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 use of Renesas Electronics products beyond such specified ranges. 

9. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have 
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further, 
Renesas Electronics products are not subject to radiation resistance design.  Please be sure to implement safety measures to 
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a 
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire 
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures.  Because 
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system 
manufactured by you. 

10. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental 
compatibility of each Renesas Electronics product.  Please use Renesas Electronics products in compliance with all applicable 
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS 
Directive.  Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with 
applicable laws and regulations. 

11. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas 
Electronics. 

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

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-
owned subsidiaries. 

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics. 
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H8S Family 
Serial Communications Interface (Smart Card) Control 

Introduction 
The H8S/2339 serial communication interface supports the smart card (IC card) interface based on the ISO/IEC 7816-3 
(Identification Card) as an extension function. This interface allows data communication between the H8S/2339 and a 
smart card. H8S/2377R is used instead of a smart card in this application note. 

Target Device 
H8S/2339 
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1. Overview 
The H8S/2339 serial communication interface supports the smart card (IC card) interface based on the ISO/IEC 7816-3 
(Identification Card) as an extension function. This interface allows data communication between the H8S/2339 and a 
smart card. H8S/2377R is used instead of a smart card in this application note. 

2. Configuration 
Table 1 shows the configuration of this sample task.  Table 2 shows the smart card interface specifications. 

The internal operation of a smart card includes manufacturer's confidential information that cannot be described in this 
application note.  Accordingly, H8S/2377R is used instead of a smart card in this application note. 
 
Table 1 Configuration of this Sample Task 

Part Specification 
H8S/2339 CPU board  
Product code: HSB8S2339EF 
(Manufactured by Hokuto Denshi Co., Ltd.) 

Board power supply input: 3.3 V DC 
Operating frequency: 19.6608 MHz 
MCU operating mode: 7 

H8S/2377 CPU board  
Product code: HSB8S2377F 
(Manufactured by Hokuto Denshi Co., Ltd.) 

Board power supply input: 3.3 V DC 
Operating frequency: 19.6608 MHz 
MCU operating mode: 7 

 
Table 2 Interface Specifications 

Item Specification 
Microcomputer port used  SCI_2 
Transfer rate  38400 bps 
Data type  Direct convention type (even parity) 
Block transfer mode  Not used  
GSM mode (clock output)  Not used 
 

1kΩ

(Smart card)
H8S/2339

RXD2 RXD2

TXD2 TXD2

GND GND

H8S/2377RVCC

 

Figure 1  Connections between H8S/2339 and H8S/2377R (Smart Card)   
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3. Description of Functions 
After the H8S/2339 transmits the contents (1 byte) of send_data in the on-chip RAM, the H8S/2339 enters receive 
mode.  The receiver (H8S/2377R) returns response data (0x67: fixed value) after it has received the data. 

The H8S/2339 receives the response data and stores it in read_data of on-chip RAM.   

In this case, data transmission and reception status is set in the following flags. 

H8S/2339

→ Transmits data (1 byte)

send_data

Receives data (1 byte)

→ read_data

H8S/2377R

(Smart card)

Receives data (1 byte)

Transmits data (1 byte)

 

Figure 2   Data transmission and reception status 

 
On-Chip RAM 
Area Name Data Size Function 
send_data unsigned char Sets transmit data 
read_data  unsigned char Stores receive data 
rxi_flg  unsigned char 1: Normal data reception 
eri_flg  unsigned char 1: Receive error  
status_code unsigned char Indicates data transmission and reception status. 

Bit Description 
7 1: Data transmission end 
6 1: An error signal for transmit data is sent from receiver*1. 
5, 4 Reserved 
3 1: Normal data reception 
2 1: An overrun error is detected during data reception. 
1 1: A parity error is detected during data reception*2. 
0 Reserved  

Notes: 1. The transmitter that receives an error signal re-transmits the same data automatically. 
 2. When a parity error is received, an error signal is returned. 
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4. Description of Operation 

4.1 Basic Operation 
The smart card interface performs data transmission and reception in asynchronous mode with parity and re-transmits 
data automatically by hardware when a parity error has occurred. 

The smart card interface has the following functions 

1. One frame consists of 8-bit data and a parity bit. 
2. During transmission, a guard timer of 2 etu (1 etu during block transfer mode) (etu: elementary time unit <one bit 

transfer period>) or more is necessary from the parity bit transmission to the next frame start. 
3. When the receiver detects a parity error, the receiver outputs a low level of an error signal for 1 etu period after 10.5 

etu or more has passed from the start of bit transmission (other than block transfer mode). 
4. When the transmitter samples an error signal, the transmitter re-transmits the same data automatically after 2 etu or 

more has passed (other than block transfer mode). 
5. The smart card interface only supports the asynchronous communication function and does not support clock 

synchronous communication function. 
 

When no parity error occurs

When a parity error occurs

Transmitter output

Transmitter output

Receiver output

Ds D0 D1

[Legend]
Ds:   Start bit
D0 to D7:  Data bits
Dp:  Parity bit
DE:  Error signal

D2 D3 D4 D5 D6 D7 Dp

Ds D0 D1 D2 D3 D4 D5 D6 D7 Dp DE

 

Figure 3   Data Format of Normal Smart Card Interface 
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4.2 Initialization Processing 
When data transmission or reception is performed by the smart card interface initially or when transmission or 
reception operation is switched, the following initialization processing is performed.  During initialization processing, 
subroutine smartcard_if_init (void) is called. 
 
4.2.1 Initial Values 

reg name bit name value Description 
Reference 
Section 

MSTPCR 7 _SCI2 0 Operates SCI_2  
SCR  5 TE 0 Disables transmission   
SCR  4 RE 0 Disables reception   
SSR  7:0   0x00 Reads and reset the status register   

7 GM 0 Does not use GSM mode 4.2.2 
6 BLK 0 Does not use block transfer mode 4.2.3 
5 PE 1 Enables a parity 
4 O/E 0 Uses an even parity 

4.2.4 

3:2 BCP[1:0] 00 Sets the number of basic clocks in a bit period as 
32 clocks 

SMR 

1:0 CKS[1:0] 00 Sets the clock source of internal baud rate 
generator as φ/clock 

4.2.5 

7:4   0000 Reserved   
3 SDIR 0 Sets LSB first 
2 SINV 0 Does not invert data 

4.2.4 

1   0 Reserved   

SCMR 

0 SMIF 1 Sets smart card interface mode   
BRR 7:0   7 Sets transfer rate as 38400 bps 

(operating frequency: 19.6608 MHz) 
4.2.5 

SCR 1:0 CKE[1:0] 00 Disables SCK clock output 4.2.2 
Note: After setting the above initial values, wait for at least 1-bit time. 
 
4.2.2 GSM Mode 
When the GM mode of SMR is set to 1, the SCK clock specified by the CKE[1:0] bits in the SCR can be output. 

If CKE in the SCR = 0, a low level is output.  If CKE in the SCR = 1 or 3, a clock is output. If CKE in the SCR = 2, a 
high level is output. 

The clock output period with a duty cycle of 50% is obtained by: 

Transfer rate × the number of clocks specified by SMR (BCP) 
In this sample task, the transfer rate is 38400 bps and the number of clocks specified by SMR (BCP) = 0 is 32.  
Accordingly, the clock period is calculated as follows: 

38400 bps × 32 = 1.23 Mbps → 813 ns.   
In this sample task, GSM mode is not used. 
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4.2.3 Block Transfer Mode 
When the BLK mode in the SMR is set to 1, the block transfer mode is selected.  The block transfer mode differs from 
normal smart card interface in the following points. 

• Though a parity check is performed during reception, no error signal is output even if an error is detected.  When an 
error is detected during the parity check, the PER bit in SSR is set to 1 and the PER bit must be cleared before the 
parity bit of the next frame is received. 

• During transmission, the guard time from the end of the parity bit to the start of the next frame is 1 etu or more.  
Because re-transmission of the same data is not performed during transmission, the TEND flag is set 11.5 etu after 
the start of transmission.   

• Though the ERS flag indicates the error signal status in the same way as the normal smart card interface, the ERS 
flag is always cleared to 0 because the error signal transmission and reception are not performed. 

 
In this sample task, block transfer mode is not used. 
 
4.2.4 Data Type Selection 
The smart card interface supports direct convention and inverse convention types according to the smart card to be 
connected. 

(Z) (Z) stateA A A AZ Z Z Z Z Z

Ds D0 D1 D2 D3 D4 D5 D6 D7 Dp
 

Figure 4   Direct Convention (SDIR = SINV = O/E=0) 

In the direct convention type, as shown in the start character above, logic levels 1 and 0 correspond to states Z and A, 
respectively, and data is received or transmitted in LSB first.  In the above start character, data is H'3B.  In the direct 
convention type, both the SDIR and SINV bits in SCMR must be cleared to 0. In addition, to satisfy the smart card 
standard, the O/E bits in SMR must be cleared to 0 to select an even parity.  

In this sample task, the direct convention type is used. 

(Z) (Z) stateA A A AZ Z A A A Z

Ds D7 D6 D5 D4 D3 D2 D1 D0 Dp
 

Figure 5   Inverse Convention (SDIR = SINV = O/E=1) 

In the inverse convention type, as shown in the start character above, logic levels 1 and 0 correspond to states A and Z, 
respectively, and data is received or transmitted in MSB first.  In the above start character, data is H'3F.  In the inverse 
convention type, both the SDIR and SINV bits in SCMR must be set to 1. According to the smart card standard, logic 
level 0 corresponds to state Z in even parity. In this LSI, the SINV bit inverts only data bits D7 to D0.  Accordingly, the 
O/E bit in SMR must be set to 1 to inverse a parity bit during transmission and reception.   
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4.2.5 Transfer Rate Setting 
Only the internal clock generated by the internal baud rate generator can be used as a transmission or reception clock 
for the smart card interface.  In this case, the BRR register is set by transfer rate (bps) and the CKS [1:0] and BCP [1:0] 
bits in SMR using the following formula. 

N =
S × 22n+1 × B

φ
× 106 – 1

 
 
N= BRR setting value (0 ≤ N ≤ 255) 
B = transfer rate (bps) 
φ = operating frequency (MHz) 
n = Refer to the following table. 
S = Number of internal clocks in one-bit period specified by BCP1 and BCP0 
 

Table 3 Correspondence among n, CKS1, and CKS0 

n CKS1 CKS0 
0 0 
1 

0 
1 

2 0 
3 

1 
1 

 
The deviation is calculated using the following formula.  A transfer rate with a deviation as small as possible must be 
selected. 

Deviation (%) =  (
S × 22n+1 × B × (N + 1)

φ
× 106 – 1) × 100

 
 
In this sample task, since B = 38400 bps, φ = operating frequency = 19.6608 MHz, n = 0 and S = 32, N = BRR setting 
value = 7 and deviation (%) = 0. 
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4.3 Data Transmission 
After the initialization processing described in section 4.2 is performed before data transmission, 1-byte data is 
transmitted by subroutine smartcard_send_data. 

The subroutine specification is shown below. 

• void smartcard_send_data (unsigned char* p) 
Transmits 1-byte data. 

 
Argument 

Type Name Description  
Unsigned char* p Write data address 
 

4.4 Data Reception 
After the initialization processing described in section 4.2 is performed and before data reception, the RE and RIE bits 
in the SCR register are set to 1 to wait for a receive interrupt.  In the receive interrupt wait state, 1-byte data is read by 
subroutine smartcard_receive_data. 

The subroutine specification is shown below. 

• Unsigned char smartcard_receive_data (unsigned char* p) 
Receives 1-byte data. 

 
Argument 

Type Name Description  
Unsigned char* p Address to store read data 
 
Return Value Type: unsigned char Description 
0 Normal completion 
Other than 0 Abnormal completion 

Bit 5 = 1: Overrun error 
Bit 3 = 1: Parity error 
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5. Description of Sample Program 

5.1 File Configuration 
The sample program is provided as a project of the HEW (High-performance Embedded Workshop)*. 

By executing H8S_2339_1.hws, the HEW startup source program can be referenced or updated.  If the user has no 
HEW, please refer to the following source files directly using editors. 
 
File Name Specification 
resetprg.c Executed from reset vector address 0 if the MCU is reset. 
intprg.c Executed if an interrupt other than a reset occurs. 
dbsct.c Sets start and end addresses of the section used by _INITSCT function in resetprg.c to 

section initialization table.  For details, refer to the H8S, H8/300H Series C/C++ 
Compiler, Assembler, and Optimization Linkage Editor User's Manual.   

H8S_2339_1.c Main routine and interrupt routine of this sample task. 
iodefine.h Configuration definition file of internal registers. 
stacksct.h Defines stack size. 
 
Note:  * http://documentation.renesas.com/eng/products/tool/rej10b0058_h8scompiler.pdf 
 

5.2 Linkage 
The linkage addresses of each section are as follows. 

In the HEW project files, the linkage addresses can be referenced and set by Category: section of Link/librarq tab in 
option – Standard Toolchain. 
 
Section Start Address 
PResetPRG 
PIntPRG 

0x000400 

P 
C$DSEC 
C$BSEC 
D 

0x000800 

B 
R 

0xFFDC00 

S 0xFFF9F0 
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6.  Flowchart 

6.1 Whole Flow 

smartcard_if_init

smartcard_send_data

smartcard_if_init

Reset

No

Yes

Start

Disable interrupt mask. 

set_imask_ccr (1)

Initialize sections.   

- Initialize the uninitialized data area 

 (area B).

- Copy initialization data area (area D) 

 from the ROM to  RAM (area R). 

INITSCT ()

Perform initialization processing.

Perform data transmit processing.

Perform initialization processing.  

SCR (RE, RIE) ← 1

Reception end?

(rxi_flg = 1)

Enable interrupt mask. 

set_imask_ccr (0)

loop
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smartcard_rx_int

smartcard_recive_data

No

Yes

Receive interrupt.

End

Perform data receive

 processing.

eri_flg ← 1

Normal end?

rxi_flg ← 1
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• smartcard_if_init 
Smart Card Interface Initialization 

 

Start

End

Perform internal register initialization 

processing.

(For details on settings, refer to 

section 4.2, Initialization Processing.)

 
 
• smartcard_send_data (unsigned char* p) 

1-byte data transmission 
 

Yes

No

Start

End

Enable transmission.

SCR (TE) ←1

Set transmit data 

TDRE ← TDR  data

SSR (TDRE) ← 0

status_code bit7 ← 1

Wait until 

data transmission is enabled.

SSR (TDRE) = 1

Yes

NoTransmit end?

SSR (TEND) = 1

Yes

No

status_code bit6 ← 1

Parity error?

SSR (FER) = 1
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• smartcard_receive_data (unsigned char* p) 
1-byte data reception 

 

No

Yes

Start

End

Return value = 0

End

Return value = SSR regsiter and 0x38

Read data.

TDRE ← Data  RDR

SSR (RDRF) ← 0

status_code bit3 ← 1

Receive error?.
(Bits 5 to 3 of the SSR 

register = 1)

No

YesOverrun? 

(bit5 = 1)

SSR:  Read and reset a register

status_code bit2 ← 1

No

YesParity error?

(bit3 = 1)

status_code bit1 ← 1
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References 
Document Name How to Get the Document 
H8S/2339 Series, H8S/2338 Series, 
H8S/2329 Series, H8S/2328 Series, 
H8S/2319 Series, and H8S/2318 Series 
Hardware Manual 

Download from the website of Renesas Technology Corp.  
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1. These materials are intended as a reference to assist our customers in the selection of the Renesas 
Technology Corp. product best suited to the customer's application; they do not convey any license 
under any intellectual property rights, or any other rights, belonging to Renesas Technology Corp. or 
a third party.

2. Renesas Technology Corp. assumes no responsibility for any damage, or infringement of any third-
party's rights, originating in the use of any product data, diagrams, charts, programs, algorithms, or 
circuit application examples contained in these materials.

3. All information contained in these materials, including product data, diagrams, charts, programs and 
algorithms represents information on products at the time of publication of these materials, and are 
subject to change by Renesas Technology Corp. without notice due to product improvements or 
other reasons.  It is therefore recommended that customers contact Renesas Technology Corp. or 
an authorized Renesas Technology Corp. product distributor for the latest product information 
before purchasing a product listed herein. 
The information described here may contain technical inaccuracies or typographical errors. 
Renesas Technology Corp. assumes no responsibility for any damage, liability, or other loss rising 
from these inaccuracies or errors. 
Please also pay attention to information published by Renesas Technology Corp. by various means, 
including the Renesas Technology Corp. Semiconductor home page (http://www.renesas.com).

4. When using any or all of the information contained in these materials, including product data, 
diagrams, charts, programs, and algorithms, please be sure to evaluate all information as a total 
system before making a final decision on the applicability of the information and products.  Renesas 
Technology Corp. assumes no responsibility for any damage, liability or other loss resulting from the 
information contained herein.

5. Renesas Technology Corp. semiconductors are not designed or manufactured for use in a device or 
system that is used under circumstances in which human life is potentially at stake.  Please contact 
Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor when 
considering the use of a product contained herein for any specific purposes, such as apparatus or 
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

6. The prior written approval of Renesas Technology Corp. is necessary to reprint or reproduce in 
whole or in part these materials.

7. If these products or technologies are subject to the Japanese export control restrictions, they must 
be exported under a license from the Japanese government and cannot be imported into a country 
other than the approved destination. 
Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the 
country of destination is prohibited.

8. Please contact Renesas Technology Corp. for further details on these materials or the products 
contained therein.

1. Renesas Technology Corp. puts the maximum effort into making semiconductor products better and 
more reliable, but there is always the possibility that trouble may occur with them. Trouble with 
semiconductors may lead to personal injury, fire or property damage. 
Remember to give due consideration to safety when making your circuit designs, with appropriate 
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or 
(iii) prevention against any malfunction or mishap.

Keep safety first in your circuit designs! 

Notes regarding these materials
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