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Notice

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 sal es 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.

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.

Y ou should not ater, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou 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.

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. 'Y ou 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.

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 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 el ectronic appliances, machine tools; persona electronic equipment; and industria 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; agrospace 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 heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy 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.

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.

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.

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

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.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.




1RENESAS APPLICATION NOTE

H8/38602
I°C and SSU Code Example for LCD Display

Introduction

The purpose of this application note is to provide information on the utilisation of two
communication peripherals of the H8/38602 device. These peripherals are the Serial Synchronous
Unit and the I°C peripheral which will be used to communicate with an LCD. The LCD will display
a clock value provided by the real time clock peripheral of the H8/38602 device.

The demonstration uses an MCU board with H8/38602 device (MB-H838602) and some bespoke
interfacing circuitry. The board is powered using a 3V3 power supply. All code was designed using
Renesas' High Performance Embedded Workshop configured to use the Renesas C/C++ compiler
version 6.0.2 and debugged using an E7.

Contents

INTRODUCGTION .. 1
CON T EN TS L.ttt ettt ettt e oo oo b ettt e e e s e s a s R e e et et e e e e e e e s a bR e et e et e e e e e aa R R b e e et e e e e e s e abaeeeeeeeeaannnbbeneeeeeeas 1
H8/38602 OVERVIEW AND FEATURES ..ottt e e e e e ettt a e e e e e s snnbeeeeaaaeeanes 3
THE 12C PERIPHERAL ..ottt ettt et ee e st es st s e s ee s en s eeneenes 4
ICCR1: I°C Bus CONTROL REGISTER 1 HIFOT8 ..ot 5
ICCR2: I°C Bus CONTROL REGISTER 2 HIFOTO e 7
ICMR: I°C BUS MODE REGISTER 2 HIFOTA e 8
IPC BUS FORMAT AND TIMING  coovveeeeeeetesesseses e sesesssesses s s snee s sesns s nse s nasne s enesnsesensesenesnenenennens 10
THE SYNCHRONOUS SERIAL UNIT PERIPHERAL ..ottt 11
SSCRH —SS CONTROL REGISTERH = H'FOED ...ccoiiiiiiiiiiiieeeie et 11
SSCRH —SS CONTROL REGISTER H = H'FOED ...cciiiiiiiiiiieeiee ettt 12
SSCRL —SS CONTROL REGISTER L H'FOEL ....ciiiiiiiiiieeiie et 14
SSMR — SS MODE REGISTER H'FOEZ ... 15
REAL TIME CLOCK PERIPHERAL ...ttt e e e e e s re e e e e e e ennes 17
RTCCR1&2: RTC CONTROL REGISTERS ~ H'FOBC & H'FOBD ........covviiiiiiiie e 18
THE LCD MODULE..... e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e as s s s e s e s e seaeae s 20
HARDWARE SETUP USING I°C COMMUNICATION ......oiviiieieeeeeeeeeeeee oot n s 22
SOFTWARE FOR COMMUNICATION WITH LCD VIA 12C ..o 26

REG05B0005-0100/Rev.1.00 October 2008 Page 1 of 39



H8/38602
| {EN ESAS I°C and SSU Code Example for LCD Display

SOFTWARE FOR COMMUNICATION WITH LCD VIA SSU ...t 32
SOFTWARE FOR COMMUNICATION WITH LCD VIA SSU. ...t 32
(10 N[ I 1] [ ] PSSP 38
WEBSITE AND SUPPORT ...ttt e e s e e s 38

REG05B0005-0100/Rev.1.00 October 2008 Page 2 of 39



H8/38602
| QEN ESAS I°C and SSU Code Example for LCD Display

H8/38602 Overview and Features

High-speed H8/300H central processing unit with an internal 16-bit architecture

Upward-compatible with H8/300 CPU on an object level

Sixteen 16-bit general registers

62 basic instructions

Various peripheral functions

RTC (can be used as a free-running counter)

Asynchronous event counter (AEC)

Timer B1

Timer W

Watchdog timer

SCI (asynchronous or clocked synchronous serial communication interface)
SSU (synchronous serial communication unit)*

I”C bus interface (conforms to the I°C bus format advocated by Philips Electronics)* (option)
10-bit A/D converter

Comparators

Note: * SSU and I°C are shared.
Figure 1: H8/38602 Block Diagram

E7_0 -— X1 —— -— \ee
E7_1 - Subclock oscillator H8/300H CPU AV
E7 2 -—s ) ¢ puem— -~ AVce
- Vss
RES
OSC1 ——
System clock oscillator RAM = ESIIADTRG
08C2 -— - NMI*
ROM Power-on reset circuit
P10/AEVH/FTIOA TMOW/CLKOUT ~—| — © | Pg2/FTIOB
P11/AEVLFTCI (IRQ1) «—| £ |~ psaFTIOC
P12/IRQAEC/AECPWM <] £ ) & |+ pasrTiOD
Watchdog timer Realtime clock
P Timer B1 TimerW eTaTe]
P30/SCK3/VCret (TRQ0) ~—>| o [ P90/SCS/SCL
P31/RXD3/IRXD <—| % £ [ P9I/SSCKSDA
P32TXDINTHED —] O o P92/SS0 @0)
10-bit A/D converter Comparators - P93/S3I (IRQ1)
Asynchronous SsU2 <~ PBO/ANOARQO
event counter m |+ PBi/AN1/IRQ1
+ |+=—— PB2/ANZ
. & |~—— PB3/ANZ
SCI3/rDA ] us ) -—— PB4/AN4/COMPO
interface 2 (option)*2 <+—— PB5/ANS/COMP1

Notes: 1. The NMI pin is not available when the E7 or on-chip emulator debugger is used.
2.SSU and lIC2 are shared.

REG05B0005-0100/Rev.1.00 October 2008 Page 3 of 39



H8/38602
| QEN ESAS I°C and SSU Code Example for LCD Display

The I°C peripheral

e Selection of I’C format or clocked synchronous serial format
e Continuous transmission/reception

e Since the shift register, transmit data register, and receive data register are independent from
each other, the continuous transmission/reception can be performed.

e Use of module standby mode enables this module to be placed in standby mode independently
when not used.

A block diagram of the peripheral is shown in the following figure, figure 2.

Transfar clock 7™
ganaration
circuit
Transmission | ICeRA
resaption
Output [a—— —1 control circuit
SCLo control — | IccRe
“ T— ICMA
Mk cancalar
[
ICORT 2
o
: 5
[ =
SDA Output ICORS - SAR =
contral |= E
L]
] =
Mk cancalar Address
comparator
ICORR -
+| Busstata
dacision circuit
| Arbitration
| decision circuit ISR
ICEIR -
S
—| Interrupt
[Legend] ganams}r = Intarrupt requast

IZCGA ¢ PG bus control register 1

ICCRZ : FC bus contral registar 2

ICMR : IFC bus moda register

IZSA PG bus status register

ICIER : I*C bus intarrupt enabla register
ICDAT : FC bus tranamit data registar
ICDRA :1FC bus raceive data registar
IZDRS : FC bus shift ragistar

SAR :  Slave addrass ragister

Figure 2: Block diagram of the I°C peripheral on H8/38602.
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ICCR1: I°C Bus Control Register 1 H'FO78
7 6 5 4 3 2 1 0
ICE RCVD MST TRS CKS3 CKS2 CKS1 CKS0
Initial Value: 0 0 0 0 0 0 0 0
Read/Write: R/W R/W R/W R/W R/W R/W R/W R/W

The two 8-bit I’C Control read/write registers configure the I’C behaviours. A description of each
of the bits in register ICCR1 is given below:

Bit 7: ICE — I1°C Bus Interface Enable
0: Halts the I°C module.
1: Enables the I’C module for transfer operations.
Bit 6: RCVD - Reception Disable
This bit enables or disables the next operation when TRS is 0 and ICDRR is read.
0: Enables next reception.
1: Disables next reception.
Bit 5: MST - Master / Slave Select

This bit is used in combination with the TRS bit below. When this bit is equal to 1 and the clocked
synchronous serial format is selected the clock is output.

Bit 4: TRS - Transmit / Receive Select

The TRS and MST bits are reset when arbitration is lost in the following condition: where the I°C

peripheral operates in the I°C format (as opposed to the clocked synchronous serial format) and the

peripheral is set to master mode. When the TRS and MST bits are reset, a transition to slave receive

mode occurs. If an overrun error occurs when the device is set to master and clock synchronous

mode, MST is cleared to 0. Slave receive mode is then entered.

A change of value of the TRS bit should only be performed between transfer frames.

TRS is automatically set to 1 when the I°C peripheral is set to slave mode and the first seven bits of

a slave address sent on the I°C interface matches that in SAR with the eighth bit equal to 1.

The combination of TRS and MST bits which provide specific I°C configurations are given below:
00: Slave Receive Mode

01: Slave Transmit Mode
10: Master Receive Mode
11: Master Transmit Mode

CKSJ[3:0]:  Transfer clock select 3:0

These bits set the clock transfer rate when the I°C peripheral is set to master mode. The relationship
between the transfer rate and the setting of these bits is shown in the following table:
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CKS bits Clock Transfer Rate
Bit3 |Bit2 |Bitl [Bit0 |Clock |¢=2MHz |¢=5MHz |=10MHz
0 0 0 0 $/28 71.4 kHz 179 kHz 357 kHz
0 0 0 1 $/40 50.0 kHz 125 kHz 250 kHz
0 0 1 0 $/48 41.7 kHz 104 kHz 208 kHz
0 0 1 1 $/64 31.3 kHz 78.1 kHz 156 kHz
0 1 0 0 $/80 25.0 kHz 62.5 kHz 125 kHz
0 1 0 1 ¢/100 | 20.0 kHz 50.0 kHz 100 kHz
0 1 1 0 o/112 17.9 kHz 44.6 kHz 89.3 kHz
0 1 1 1 $/128 15.6 kHz 39.1 kHz 78.1 kHz
1 0 0 0 /56 35.7 kHz 89.3 kHz 179 kHz
1 0 0 1 ¢/80 25.0 kHz 62.5 kHz 125 kHz
1 0 1 0 $/96 20.8 kHz 52.1 kHz 104 kHz
1 0 1 1 $/128 15.6 kHz 39.1 kHz 78.1 kHz
1 1 0 0 $/160 12.5 kHz 31.3 kHz 62.5 kHz
1 1 0 1 $/200 10.0 kHz 25.0 kHz 50.0 kHz
1 1 1 0 $/224 8.9 kHz 223 kHz 44.6 kHz
1 1 1 1 $/256 7.8 kHz 19.5 kHz 39.1 kHz

Table 1: CKS[3:0] settings with respect to clock rate for serial synchronous transfers.
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ICCR2: I°C Bus Control Register 2 H'FO79
7 6 5 4 3 2 1 0
BBSY | ScP SDAO SDAOP | SCLO - [ICRST -
Initial Value: 0 1 1 1 1 1 0 1
Read/Write: R/W A\ R/W R/W R - R/W -
Bit 7: BBSY - I°C Bus Interface Enable

This bit confirms whether or not the I°C bus is busy or released. This bit is also used
to issue start or stop conditions on the I’C bus when the I°C peripheral is set to master mode.
See the description given below for more information. This bit has no meaning when it is set
to the clocked synchronous serial format. The BBSY bit is set to 1 when SDA changes from
High to Low whilst SCL is high, as it is assumed this is a start condition. The BBSY bit is
cleared to 0 when SDA makes a transition from low to high whilst SL is high as it is
assumed this is a stop condition.

Bit 6: SCP - Start/Stop issue Condition Disable

This bit controls the issue of start / stop conditions when the I°C peripheral is set to
master mode. This bit is always read as 1. If a 1 is written then this data is not stored.

Start/Stop Condition note: To issue a start condition a 1 should be written to this bit and a 0 to SCP.
This procedure should also be used when retransmitting a start condition. To issue a stop condition
a 0 should be written to both BBSY and SCP using a MOV instruction.

Bit 5: SDAO - SDA Output Value Control

This bit is used to modify the output level of SDA. It should be used in conjunction with the
SDAOQP bit as this protects the SDAO bit from alteration. This bit should not be manipulated during
transfer.

0: When reading, SDA pin outputs low. When writing, SDA pin is changed to output low.
1: When reading, SDA pin outputs high. When writing, SDA pin is changed to output Hi-Z
(outputs high by external pull-up resistance).

Bit 4: SDAOP — SDAO Write Protect

This bit allows the SDAO bit value above to be altered. To change the output level of the SDA pin,
clear SDAO and SDAOP to 0 using the MOV instruction. This bit is always read as 1.

Bit 3: SCLO - SCL output Value Control

This bit monitors the output level of SCL. When SCL outputs a high, SCLO is 1, when SCL outputs
a low then SCLO is. When SCL is low SCLO is 0.
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Bit 2: Reserved

This bit is reserved and is always read as 1.

Bit 1: I’CRST - I°C Control Part Reset

This bit resets the control part of the I’C peripheral except for the I’C registers. When a hang up
occurs during I°C operation, this bit may be set to 1 resetting the I’C control part without setting
ports and initialising registers.

Bit O: Reserved

This bit is always read as 1 and cannot be modified.

ICMR: I°C Bus Mode Register 2 H'FO7A
7 6 5 4 3 2 1 0
MLS WAIT - - BCWP BC2 BC1 BCO
Initial Value: 0 0 1 1 1 0 0 0
Read/Write: R/W R/W - - R/W R/W R/W R/W
Bit 7: MLS — First/LSB-First Select
0: MSB First
1: LSB First

This bit should be set to 0 when the I>C format is used.

Bit 6: Wait — Wait Insertion Bit

When the I°C peripheral is set to master mode with the I’C format selected, this bit selects whether
to insert a wait after the data transfer (not including the acknowledge bit). When WAIT is set to 1,
after the fall of the clock for the final data bit, the low period is extended for two transfer clocks. If
WAIT is cleared to 0, the data and acknowledge bits are transferred consecutively with no WAIT
inserted.
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Bit 5, 4: Reserved

Bit 3: BCWP — BC Write Protect

This bit protects the BC settings shown below. To modify the BC bit values, clear this bit to 0 using
the MOV instruction. In clock synchronous serial mode, BC should not be modified.

0: Values of BC2 to BCO are set.
1: Changes to the values of BC2 to BCO are invalid.

Bit [2:0]: BC[2:0] Bit Counter 2to 0

These bits specify the number of bits that are to be transmitted next. They hold the remaining
number of bits that are to be transferred. When the I°C format is selected, the ninth bit holds the
acknowledge bit. Changes to the value of the BC bits should be made between frame transfers. If
the value entered to the BC bits is not equal to zero, they should be entered while the SCL is low.

At the end of a transfer the value in these bits is 000 (including the acknowledge bit). These bits
should not be modified when the peripheral is set to synchronous serial format.

BC2 |BCl |BCO | Bitsto betransferredin | Bits to be transferred in Clock
I°C Bus Format Synchronous Format
0 0 0 9 bits 8 bits
0 0 1 2 bits 1 bits
0 1 0 3 bits 2 bits
0 1 1 4 bits 3 bits
1 0 0 5 bits 4 bits
1 0 1 6 bits 5 bits
1 1 0 7 bits 6 bits
1 1 1 8 bits 7 bits
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I°C Bus Format and Timing

Figure 3 below shows the I’C format for data transfer. The first format shows continuous transfer.
In this instance the slave address is written onto the bus followed by a Read/Write value. The slave
device is then expected to issue an acknowledge. After the time it takes for the slave device to issue
an acknowledge, up to 8 bits of data may be placed on the bus either by the slave or master device
depending on the R/W value. Once all the data is transmitted, a stop bit is issued. The second
format shows how data is retransmitted.

s | sa [mw| A | pata [ a | E3ER
| i oty 1 n ot | el etel | n:Transter bit count
i m in=11a8&)
m: Transfar frames count
(mz1)
[ sia [rw| a| oata [[aa] s | sa [rwW] a | pata | [a&] P |
= 1 ) 1 e, 1, 1

| |
7 | ni | 1 1 7 |
T 1 T
1 1

mi mz

N1 and n2: Transfar bt count (N1 and N2 =110 &)

1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
| |
V(b 123G bue Tormat (Start condition retransmizston, FS =0) !
1 1
| |
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
H mi and m2: Transter frame count (m1 and m2 z 1) H

Figure 3: I°C Bus communication format

Figure 4 shows the timing of the I’C bus.

soL \WAEE; g\ /fo 1-'?WE\_/_1:?H IOaWAY,
L 1L 1L I 1L IL 1L I 1L 1

5 SLA AW A DATA A DATA A P

Figure 4: I’C Timing

S: Start Condition

SLA: Slave Address

R/Wn: Direction of data transfer. For a read from the slave device, this will be 1. For a write
to the slave address this will be 0.

A: Acknowledge. The receiving device pulls SDA low during the 9™ SCL clock pulse.

DATA: Transfer Data

P: Stop bit. This is issued by the master which pulls SDA high while SCL is also high.
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The Synchronous Serial Unit Peripheral

This is an SPI serial peripheral interface compatible peripheral which can be operated in clocked
synchronous communication mode or four-line bus communication mode (including bi-
directional communication mode)

Can be operated as a master or a slave device

Choice of eight internal clocks (¢/256, /128, ¢/64, $/32, ¢/16, ¢/8, ¢/4, and $SUB/2) and an
external clock as a clock source

Clock polarity and phase of SSCK can be selected
Choice of data transfer direction (MSB-first or LSB-first)
Receive error detection: overrun error, Multi-master error detection: conflict error

Five interrupt sources: transmit-end, transmit-data-empty, receive-data-full, overrun error, and
conflict error

Continuous transmission and reception of serial data are enabled since both transmitter and
receiver have buffer structure

Use of module standby mode enables this module to be placed in standby mode independently
when not used.

AN
Intarnal clock —J,*'—p-— Multiol
Ultplerer |t = e
BECK C—————— ¥ SSMR
SSCHRL |- -
Y
o _-‘_l_ SECAH [
Transmizsion
B8 (O-— = reception
P
corrol circuit SSER .
2
i
»| sSssR (. - =
-
£
]
=
i SSTDR  [=————=
Ty +
S50 Crt—p .
Selector | S55TRSR -—l
88l Ot—] :
| SS5ROR -
A
o Interrupt request
= (T, TEI, RXI, CEI, CEl)
[Legend]
S5MA: 55 mode register
S5CAL: 55 control register L
SS5CRH: 55 control register H
S5ER: 55 enabls register
S585R: 55 status reqister
SS5TDR: 55 transmit data register
S5TRSR: 55 =hift =gister
SSRADA: 55 receive data register
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SSCRH - SS Control Register H H'FOEO
7 6 5 4 3 2 1 0
MSS BIDE SO0S SOL SOLP SCKS CSS1 CSSO
Initial Value: 0 0 0 0 1 0 0 0
Read/Write: R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7: MSS — Master/Slave Device Select

Selects whether this module is used as a master device or a slave device. When this module is used
as a master device, transfer clock is output from the SSCK pin. When the CE bit in SSSR is set, this
bit is automatically cleared.

0: Operates as a slave device

1: Operates as a master device

Bit 6: BIDE - Bidirectional Mode Enable

Selects whether the serial data input pin and the output pin are both used or only one pin is used.
When the SSUMS bit in SSCRL is 0, this setting is invalid.

0: Normal mode. Communication is performed using two pins.

1: Bidirectional mode. Communication is performed using only one pin.

Bit 5: SOOS - Serial Data Open-Drain Output Select

Selects whether the serial data output pin is CMOS output or NMOS open-drain output. The serial
data output pin is changed according to the register setting value.

0: CMOS output
1: NMOS open-drain output

Bit 4: SOL - Serial Data Output Level Setting

Although the value in the last bit of transmit data is retained in the serial data output after the end of
transmission, the output level of serial data can be changed by manipulating this bit before or after
transmission. When the output level is changed, the SOLP bit should be cleared to 0 and the MOV
instruction should be used. If this bit is written during data transfer, erroneous operation may occur.
Therefore this bit must not be manipulated during transmission.

0: Shows serial data output level to low in reading. Changes serial data output
level to low in writing

1: Shows serial data output level to high in reading. Changes serial data output
level to high in writing
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Bit 3: SOLP - SOL Write Protect

When a change in the output level of the serial data lines is required, the MOV instruction should be
used to clear this bit to 0 and then either set or clear the SOL bit.

0: In writing, output level can be changed according to the value of the SOL bit.

1: In reading, this bit is always read as 1. In writing, it cannot be modified output
level.

Bit 2: SCKS - SSCK Pin Select
Selects whether the SSCK pin functions as a port or a serial clock pin.
0: Functions as a port

1: Functions as a serial clock pin

Bit [1:0]: CSSJ[1:0] - SCSn Pin Select

Selects whether the SCS pin functions as a port, an SCS input, or SCS output. When the SSUMS bit
in SSCRL is 0, the SCS pin functions as a port regardless of the setting of this bit.

00: Functions as a port
01: Functions as an SCS input

Ix: Functions as an SCS output (however, functions as an SCS input before
starting transfer)
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SSCRL - SS Control Register L H'FOE1

7 6 5 4 3 2 1 0

SSUMS SRES SCKOS CSOS - - -

Initial Value: 0 0 0 0 1 0 0 0
Read/Write: - R/W R/W R/W R/W - - -
Bit 7: Reserved
Bit 6: SSUMS - SSU Mode Select

Selects which combination of the serial data input pin and serial data output pin is used.
0: Clocked synchronous communication mode Data input:
SSI pin, Data output: SSO pin
1: Four-line bus communication mode
When MSS = 1 and BIDE = 0 in SSCRH:
Data input: SSI pin, Data output: SSO pin
When MSS = 1 and BIDE = 0 in SSCRH:
Data input: SSO pin, Data output: SSI pin
When BIDE =1 in SSCRH:
Data input and output: SSO pin

Bit 5: SRES - Software Reset

When this bit is set to 1, the SSU internal sequencer is forcibly reset. Then this bit is automatically
cleared. The register value in the SSU is retained.

Bit 4: SCKOS - SSCK Pin Open-Drain Output Select

Selects whether the SSCK pin functions as CMOS output or NMOS open-drain output.
0: CMOS output
1: NMOS open-drain output
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Bit 3: CSOS - SCS Pin Open-Drain Output Select

Selects whether the SCS pin functions as CMOS output or NMOS open-drain output.
0: CMOS output
1: NMOS open-drain output

Bit[2:0]: Reserved

SSMR - SS Mode Register H'FOE2
7 6 5 4 3 2 1 0
MLS | CPOS CPHS - - - ] )
Initial Value: 0 0 0 0 0 0 0 0

Read/Write: R/W R/W R/W - - - - -

Bit 7: MLS - MSB-First/LSB-First Select

Selects whether data transfer is performed in MSB-first or LSB-first.
0: LSB-first
1: MSB-first

Bit 6: CPOS - Clock Polarity Select

Selects the clock polarity of SSCK.
0: Idle state = high
1: Idle state = low

Bit 5: CPHS - Clock Phase Select
Selects the clock phase of SSCK.
0: Data change at first edge
1: Data latch at first edge

Bit [4:3]: Reserved

Bit[2:0]:  CKSJ[2:0] - Transfer Clock Rate Select

Sets transfer clock rate (prescaler division ratio) when the internal clock is selected.
The system clock (¢) is halted in subactive mode or subsleep mode. Select pSUB/2 in these modes.
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Bit2 Bit1 Bit0
0 0 0  ¢/256

0 0 1  ¢/128
0 1 0  ¢64
0o 1 1 $32
1 0 0  ¢/16
10 1  ¢8

1 1 0  ¢M4

1 1 1 ¢SUB.2

Please note: There are other registers associated with the SSU peripheral. For details please see the
Synchronous Serial Communication Unit (SSU) section in the H8/38602 hardware manual
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Real Time Clock Peripheral

e The RTC may be started or stopped as required

e The RTC may be Reset

e An 8-bit register is used to hold each of the seconds, minutes, hours and day of the week values.
These registers may be read or written to.

e The counter may be used as an 8-bit free running counter.

e The clock source is selectable from ¢/8, ¢/32, $/128, $/256, $/512, $/2048, ¢/4096, ¢/8192 and
the 32.768 KHz subclock.

e The RTC module may be placed in module standby mode

A block diagram of the Real time clock is shown below in figure 5

PSS
32-kHz RTCCSR |=<—>»
oscillator 1/4
circuit
RSECDR |=—>
RMINDR  |+—»
RHRDR [|=—>»
T™MOW Clock count

controlcireuit |, " RWKDR |<—»

RTCCR1 |=—

-—»| RTCCR2 |=<+—»

RTCFLG >

Y

Interrupt
control circuit

Internal data bus

—Interrupt

Y

[Legend]

RTCCSR: Clock source select register RWKDR: Day-of-week date register

RSECDR: Second date register/ RTCCR1: RTC control register 1
free running counter data register RTCCR2: RTC control register 2

RMINDR: Minute date register RTCFLG: RTC interrupt flag register

RHRDR: Hour date register PSS: Prescaler S

Figure 5: RTC Block Diagram

The RSECDR stores the current values of seconds, the RMINDR holds current value of minutes,
the RHRDR holds the value of hours, and the RWKDR stores the day of the week. These are
connected to the internal bus so that they may be read or written to. The RTCCSR selects the
required clock source. The RTCCR1 determines the operation of the RTC peripheral and RTCCR2
enables or disables the RTC interrupts. RTCFLG holds the status of the RTC interrupts.
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RTCCR1&2: RTC Control Registers H'FO6C & H'FO6D
RTCCCRI:
7 6 5 4 3 2 1 0
RUN 12/24 PM RST
Initial Value: - - 0 0 0 0 0
Read/Write: R/W R/W R/W R/W - - . 3
RTCCR2:
7 6 5 4 3 2 1 0
FOIE WKIE DYIE HRIE MNIE ISEIE 05SEIE | 025SEIE
Initial Value: : - - - - - - -
Read/Write: R/W R/W R/W R/W R/W R/W R/W R/W

The two 8-bit RTC Control read/write registers configure the RTC behaviours. A description of
each of the bits in register RTCCRI is given below:

Bit 7: RUN - halts or starts RTC operation
0: Stops / Halts RTC operation.
1: Starts RTC operation.
Bit 6: 12/24 — sets 12 or 24 hour time measurement

0: The RTC will count in 12 hour time.
The PM bit in this register indicates whether the time is a morning or afternoon value.
The values in the hour data register will be in the range 0 to 11.

1: The RTC will count in 24 hour time.
The values in the hour data register will be in the range 0 to 23.

Bit 5: PM - indicates morning or afternoon time
0: The time given by the RTC peripheral is AM
1: The time given by the RTC peripheral is PM
Bit 4: RST - RTC Reset
0: The RTC operates normally (i.e. no reset of the RTC is initiated)
1: All RTC registers apart from RTCCSR and this bit are reset. The bit must be

manually put to 0 after the reset is initiated. All control circuits within the RTC are
also reset.

Bit 3 to O: Reserved

The RTCCR2 register enables / disables any of the RTC interrupts. The RTC has 8 interrupt sources.
A description of all the bits in RTCCR2 is given below:
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Bit 7: FOIE - Free Running Counter Interrupt Enable

0: Disables the Free running counter overflow interrupt.

1: Enables the Free running counter overflow interrupt.
Bit 6: WKIE — Week Periodic Interrupt Enable

0: Disables a week periodic interrupt.

1: Enables a week periodic interrupt. (This will occur once every week).
Bit 5: DYIE - Day Periodic Interrupt Enable

0: Disables a day periodic interrupt.

1: Enables a day periodic interrupt. (This will occur once every day).
Bit 4: HRIE - Hour Periodic Interrupt Enable

0: Disables an hour periodic interrupt.

1: Enables an hour periodic interrupt. (This will occur once every hour).
Bit 3: MNIE — Minute Periodic Interrupt Enable

0: Disables a minute periodic interrupt.

1: Enables a minute periodic interrupt. (This will occur once every minute).
Bit 2: 1SEIE - 1 Second Periodic Interrupt Enable

0: Disables a second periodic interrupt.

1: Enables a second periodic interrupt. (This will occur once every second).
Bit 1: 05SEIE - 0.5 Second Periodic Interrupt Enable

0: Disables a 0.5 second periodic interrupt.

1: Enables a 0.5 second periodic interrupt. (This will occur once every half
second).

Bit 0: 025SEIE - 0.25 Second Periodic Interrupt Enable
0: Disables a 0.25 second periodic interrupt.

1: Enables a 0.25 second periodic interrupt. (This will occur once quarter of a
second).
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The LCD Module

The LCD used for this application was a LCD216S made by Mindsensors, a picture of the LCD is
shown in figure 6. It has a 16 column by 2-line text display and a backlight which can be turned
ON/OFF via software. It is possible to communicate with the LCD module via RS232, serial
peripheral interface (SPI) or I°C.

Figure 6: LCD Pin Connection

The pins are as follows

Pin 1: +5V supply voltage for Module

Pin 2: Serial clock for I°C and SPI and Rx for RS232

Pin 3: GND connection for Module and reference for data communication
Pin 4: No connect

Pin 5: Serial Data in for I’C and SPI

Pin 6: No connect

Pin 7: CS\ for SPI and RS232

When the LCD is first powered from a 5V power supply, it is configured for I’C communications
with the slave address 0XxEO. A setup switch is provided on the LCD module for selection and
configuration of communication interface. To enter the setup interface on the LCD module, the
setup switch should be pressed whilst the power is cycled until “Setup” appears on the display.
When the switch is released, the LCD will display the current communication interface settings.
The desired interface may then be selected by pressing the set up switch repeatedly if required.
When the correct communication settings are displayed, the module should be powered down. The
module will then power up in the new communication settings.

Once the LCD is appropriately set up for communication, characters may be displayed on the LCD
by sending the characters' ASCII value to the LCD. Table 2 below shows the relationship of the
value sent to the LCD and the character displayed on the LCD.

The LCD also has a number of commands which may be used to move the cursor, show the cursor,
clear the screen, turn the backlight On/OFF, etc. All the commands start OXFE (this is blank in the
character table) which is then immediately followed by the command number.
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Table 2: Relationship between the data value sent to LCD and the character displayed.
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Hardware Setup Using I°C Communication

The H8/38602 device is operable from the 3V3 supply; however the LCD requires 5V CMOS levels
at its I°C pins. Some hardware interface is therefore required to perform the voltage translation
between the LCD and H8/38602 device. The following figure 7 shows this hardware interface.

LCD216S sv
[

+5V
SCLRX

GHD
nc
SDA
NC

G

ok | ok

P82B96

1 2
?;3&%?

B FEERER
o oo o % W W
E e E IS
N0 Lom o
= o
7 i
PIO/SCKIAG el b Il
PES/AMS/C OMP F12ARQAEC
PE4/AN4/COMPO - _ P11AEYL
PB3/ANT D 860 2 P10/AEYH
PE2/ANZ PEZFTIOB
PE1/ANT PEIFTIOC
PBO/AMD PE4FTIOD
Il — —
g o om o, 01
sz o 8888l
I

Figure 7: Hardware interface for I*C Communication between LCD and H8/38602 device.
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The device used for performing the level shifting is a P82B96. This is designed for I’C
communications up to 400 KHz. For this purpose it is possible to connect the Rx and Tx lines
together and connect this to one of the I’C communication lines. Other I°C applications may require
that they be kept separate. The P82B96 requires that one side of the I°C lines operates from 5V. The
other side may operate from any voltage between 2 and 15V. For this application we require the
LCD I°C communications to be at a 5V level and the H8/38602 I°C communications to be at a 3V3
level. Therefore the VCC level of the P82B96 is set to 3V3 volts.

The SDA and SCL lines on the microcontroller side are pulled to the 3V3 power supply via 4K7
resistors. This is a requirement of I°C communications, as the devices pulls the line low when
required. Similarly, therefore, the SDA and SCL lines on the LCD side also have 4K7 resistors
which pull these lines to 5V. Figure 8 is a picture of the board used as the I°C interface

Figure 8: I°C Interface Board

5V I/P Line 3V3 I/P Line LCD Connector

GND Line

W

P82B96

LCD Support

Pull Up Resistors
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Hardware Setup Using SSU Communication

The H8/38602 is a 3V3 device, but the LCD requires 5V at its SPI pins. The hardware configuration
used to perform the voltage translation between the LCD and the H8/38602 is shown in figure 9
below:

3 TAHC T244 5V LCD216S

10Ea  VCC +5v
140 20En SCLRX
S ovo 1vo GND  —
141 240 > Ne
> ov1 171 SDA
142 241 W NC
X 2vz 1Y Cn
143 247
o & R b o B W
GND 243
gj § % 2 g cf SI ;I :| —
Er v e S W wow
E = oo o g =
- v 2 0
5 o |
P30/SC KA ref o = NI LGgGlld
FES/AMNS T OMPT P12ZARCAEC
PEA/ANAIC OMPD _ P11 IAEVL - GND
PE3/AN3 H838602 PI0/AEYVH +3V
PE2/ANZ PaE2FTIOR — 5
PBT/ANT PEIFTIOC —— S88CK
FPEOMAMD PE4FTICD — RS0
T =95 %L 5 sy
[

Figure 9: Hardware interface between LCD and H8/38602 for SSU communications

In this case a 74HCT244 device was used. This has two sets of four inputs and four outputs. Pulling
the output enable line low enables the output. For this application only three lines are required
therefore the second set of outputs are not enabled (20En is pulled high). All unused inputs are
pulled low. Each input has been given the notation SAN where S is the set number and N is the
number in that set. The A shows it is an input. The outputs are denoted SYN where S is the set and
N is the number in that set. The Y shows this pin is an output. The output attributed to a particular
input can be seen where the S and N numbers are equal. For example the input 1A0 has the
associated output 1YO0.
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In this application the serial communication is not bidirectional. This is not the case in all SPI
applications. Here only three lines are required: SSCK for the serial clock, SDO as the output from
the H8/38602 to the LCD providing the data line for communication and SCSn which notifies the
LCD when the master wants to communicate with it.

Figure 10 shows a picture of the interface board used

LCD Module

e S v i MBH838602

E7 Connector
Cable

74HCT24 Grounded Inputs

Figure 10: SSU interface board with MBH838602 and LCD devices.
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Software for communication with LCD via I°C

Figure 11 shows the program flow diagram for I°C communication between the H8/38602 and the

LCD.

Initilise 11C

l

Initialise LCD

l

Initialise RTC

l

Obtain RTC Values

|

Write RTC Valuesto LCD

Figure 11: Initialisation Procedure for I°C interface

Firstly the I°C is initialised in order that this interface can be used to clear the LCD and transmit
instruction / characters to the LCD. The LCD is then initialised so that it may be cleared ready for a
time value to be written to it. Lastly, the RTC is initialised. This starts the RTC counting. It is now
possible to grab the RTC values and write them to the LCD. An infinite loop is set up which takes
the RTC register values and writes them to the LCD display. The following code shows the function
Main.
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{

viold main(wvoid)

f/ Set up temporary variables to hold the current waluse of seconds
/¢ mins and hours.

int temp secs units = 0x00; /¢ Initialise all of these to 0.
int temp secs tens = 0x00;

int temp mwins units = 0x00;

int temp mwins tens = 0x00;

int temp hours units = 0x00;

int temp hours tens = 0x00;

/¢ Initialise the IIC peripheral of the 38602 device.

Init IIC{);

/¢ Initialise the LCD so that a time may bhe written to it.
Init LCD{);

/¢ Initialise the Real time clock module on the 35602 device,
Init RTC();

fori::) /¢ Initiate an infinite loop =so that
/¢4 the time can be continously written to the LCD

Write bytes (OxFE, 0x43); // Move LCD cursor home
Delay(]: // allow time for instruction to complete

¢/ Wait until hour register iz ready to he read
while (RTC.RHRDR.EBIT.E3Y == 1)
/¢ store hour unit valus in temporary variable
temp hours units = RTC.RHRDR.EBIT.HRO:
J/ Add the ASCII offset value So variable now holds AICIIT
/4 walue of current hour units value
temp hours units += 0x30;
/¢ store hour tens valus in temporary variable
temp hours tens = RTC.RHRDR.EIT.HR1;
J/ Add the ASCII offset value So variable now holds AICIIT
J/ walue of current hour tens value
temp hours tens += 0x30;

¢/ Wait until minute register iz ready to he read
while (RTC.RMINDR.EIT.ESY == 1);
temp mins units = RTC.REMINDR.EBIT.MNO:
J/ Add the ASCII offset value So variable now holds AICIIT
J/ walue of current minute units value
temp mins units += 0x30;
/¢ store minute tens valus in temporary variable
temp mins tens = RTC,RMINDR.EIT.MN1;
J/ Add the ASCII offset value So variable now holds AICIIT
/¢ walue of current minute tens value
temp mins tens += 0x30;
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:

S Now it is possikble to write ASCII time waluss to LCD

A4 Write hours tens and units walues to LCD as

#f these should appear first

Write bytes (temp hours tens, temp hours units):

Delavil: // Wait until LCD iz ready to receive hext characters

ff TWrite a ":" character to Separate hours from mins

A4 Write mwinute tens wvalus to LCD

Write bytes (0xX3L, CeEmp mins tens):

Delavil: // Wait until LCD iz ready to receive hext characters

A4 Write mwinute units wvalue to LCD

£ TWrite a ":"™ £o sSeparate minutes from sSeconds

Write hytes (Cemp mins units, 0xX34):

Delavil: // wait until LCD iz ready to receive hext characters

A4 Write second tens and units walues to LCD
Write bytes (Cemp Secs Tens, temp Secs units):
Delavil: // wait until LCD iz ready to receive hext characters

Firstly the function declares a set of temporary variables which are used to hold the current time
value from each of the RTC registers. The I°C peripheral is then initialised, followed by the LCD
device and finally the RTC module.

The code then enters an infinite loop as shown in figure 11. Here the code resets the LCD cursor
back to the home position, ready to write a new time value over the old. The RTC registers are then
read when appropriate, and their values stored in the temporary variables declared at the beginning

n.m

of the function. These values may then be transmitted to the LCD in an ASCII format. Two ":"'s are
used to separate the hours, minutes and seconds values.

The following code shows the Init LCD function.

{

'

woid Init LCD (wvoid)

Urite bytes (OxFE, 0Ox54); // Turn off hlinking cursor
Delavyi():

Write bytes (OxFE, 0x43); /¢/ Move cursor to top left of the display.

Delavyi():
Urite bytes (OxFE, 0Ox538); // Clear the display
Delavyi():

This code turns off the blinking cursor on the LCD, sends the cursor to home so that the next
character to be written to the display is displayed at the top left corner and clears the display of all

text.

The code for the Init RTC function is shown in the following text
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woid Init RTC (woid)
i

S Create temporary wvariables to hold minute and hour wvalues
CEITPRL.BIT.RTCCESTF = 1; /% Enable the AEC and LCD modules #/

S Wait until RTC registers are not bheing updated
while (RTC.REIECDR.EIT.E3Y == 1);:

f% Zet up RTC for a clock time base of 1 second */
ERTC.ETCCR1.EIT.RUN = 0;// STOP RTC
RETC.ETCCR1.EBIT.R3T 1:// RESET ON
RETC.ETCCR1.EBIT.R3T 0:;// REIET CFF

BETC.ETCCR1.BIT.MD = 1; // Set to 24 hour mode

BETC.ETCCR1.EIT.INT = 1; // Enable RETC interrupt in RTC control register 1
ETC.ETCC3IR.EYTE |= 0x03: // 3et to real time clock function
BTC.ETCCR1.BIT.REUN = 1:// TURN RUN O

RTC.RTCCREZ.BEIT. 13EIE = 1; // int controller rte iupt enable

IENRE1.BIT.IENRETC = 1; // Enable the RTC interrupt

'

This is the same function as shown in section “Software for Communication with LCD via SSU”.
For details of this code please refer to this section.

Three functions are used to communicate with the LCD via the I°C interface. These are Init IIC
which initialises the I°C peripheral of the H8/38602, the Write bytes function which writes two
bytes on the I’C bus to the LCD and the Transmit _data End function which transmits the last byte
of data to the LCD. The following code shows the Init IIC function
woid Init TITIC (wvoid)

i

CESTPRZ.BIT.IICCESTE = 1: £/ Bwitch on IIC peripheral of 38602

IICEZ.ICCREL.EYTE = 0OxS55; S*ICE RCWD M3T TES CES3 CEIZ CEI1 CEIQ +/
A1 o o o o 1 o 1
ITICZ.ICHR.EYTE = 0x38; f*% No Wait bit, clear BC write protect */
IICZ.ICIER.EYTE = 0Ox00; ff Disahle all interrupts
IICE.IC3E.EYTE = 0Ox00; 4 Clear all flags
IICEZ.ICCEE.EYTE = 0Ox3D; 4 BBIYT SCP SDAD SDAOP SICLO — ICCR3IT -
i o o 1 1 1 i 0 1

IICZ.ICCR2.BIT.BESY = 0; // Clear busy bit

while (IICZ.ICCRZ.BEIT.BESY == 1); // wait for free bus

i

This function turns on the I*’C module by setting the IICKSTP bit in the clock stop register. The ICE
bit in ICCR1 (the I’C Control Register 1) is then set to 1 enabling the I°C interface. The I°C Mode
register is then configured for 9 bit LSB first transmission with no wait bit. The I°C interrupts are
then all disabled and their flags cleared. The ICCR2 register is then set up to make the SDA output
high. The code then waits for the bus to be free.

The Write bytes function is shown in the code above
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l.."1‘1:1‘1:1:1‘1:1‘1:1:1‘1:1‘1:1:1‘1:1‘1:1:1‘1:1‘1:1:1‘1:1‘1:************************
Function: Write hytes(]:
FPurpose: To transmit two bytes of data wia IIC
Parameters Passed: wr_datal (first hyte of data)
wr_dataz (second byte of data)
Farameters Returned: MNone
1:1‘1:1‘1:1:1‘1:1‘1:1:1‘1:1‘1:1:1‘1:1‘1:1:1‘1:1‘1:1:1‘1:1‘1:***********************f
woid Write bytes (unsigned char wr datal, unsigned char wr datal)
{
4 ZBet M3T (Master) and TRS (Transmit) hit high
ITIC2.ICCR1.BYTE = 0OxBS;
A4 Bet B3IY hit and clear 3CP to issus a start condition
IIC2.ICCRZ.BYTE = OxBD;

A% Wait until the transmit data is empty */
while (IICZ.IC3R.EIT.TDRE == 0O);

A% Put Zlawve address into data register with Write bhit (0)
IIC2.ICDRT = junsigned char) (ILAVE ADRS | 0Ox00):

4 Wait until this data has been transmitted
while (IICZ.IC3R.EIT.TEND == 0);
A4 Put first byte of data to be written into register

IIC2.ICDRT = {unsigned char) (wr datal };

4 WMait for byte to be transmitted
while (IICZ.IC3R.EIT.TDRE == 0O);

Write dats End{wr dataz);

*

The status of the I’C bus was determined in Init IIC so it is now possible to set the peripheral as a
transmit master, and then issue a start condition. The start condition is issued by writing a 'l' to the
BSY bit and a'0' to SCP bit in the I’C control register 2 ICCR2. One a start condition is issued, the
code waits to ensure the Transmit Data register is empty before putting data in the Transmit data
register. The first byte to be transmitted should be the LCD I°C slave address followed by the Write
value (0x00). Before transmitting the next byte of data, the device should wait until the transmit end
flag is set. Again the device should wait until the transmit data register empty flag is set and that
another acknowledge was received before transmitting another byte of data. The last byte of data is

then passed to the Write_data End function, the code for which follows.
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vold Write data End( unsigned char wr data )
i

IICZ2.ICDRET = wr_ data; A4 Put last byte in transwit register
while (IICZ.ICSR.BIT.TDEE == 0);: // wait until tranhsmission ends
while (IICZ.ICSR.BIT.TEND == 0]:

IICZ.ICSR.BIT.TEND = 0; // Clear the flag
IIC2.ICCRZ.BYTE &= 0Ox3f: // Issue a 3ITOP condition.
S B3IY = 0 and 3ICP = 0.

A4 wait until stop condition  i= detected
A Onee this iz 1, wode switches to 2lave receive
while [(IICZ.ICSR.BIT.STOP == 0]:

/4 Clear transmit data register ewpty flag to 0O
ITCZ2.ICSR.BIT.TDRE = 0O;

The last byte of data may be placed in the data transmit register as the TDRE flag was checked
before entering this function. The device should then wait until both the TDRE and TEND flags are
set. The TEND flag is then cleared (ready for a byte of data to be transmitted in the future). A Stop
condition is then given by clearing both the BBSY and SCP bit in IICR2. The device should then
wait until the STOP flag is set. Now the TDRE flag can be cleared ready for future transmissions.
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Software for communication with LCD via SSU

Figure 12 shows the software flow for the SSU interface

Initialise SSU

l

Initialise LCD

l

Initialise RTC

l

Obtain RTC Values

|

Write RTC Valuesto LCD

Figure 12: SSU interface software flow diagram

Firstly the SSU is initialised in order that this interface can be used to clear the LCD and transmit
instruction / characters to the LCD. The LCD is then initialised so that it may be cleared ready for a
time value to be written to it. Lastly, the RTC is initialised. This starts the RTC counting. It is now
possible to grab the RTC values and write them to the LCD. An infinite loop is set up which takes
the RTC register values and writes them to the LCD display. The following code shows the function
Main.
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{

wold main(wvoid)

Af 3et up temporary varisbles to hold the current valuse of seconds
/¢4 mwins and hours.

int temp secs units = 0x00; ff Initialise all of these to 0.
int temwp secs tens = 0x00;

int temwp mwins units = 0x00;

int temwp mwins tens = 0x00;

int temp hours units = 0x00;

int tewp hours tens = 0x00;

A4 Initialise the 3530 peripheral of the 38602 device.

Init 33U();

ff Initialise the LCD 3o that a time may bhe written to it.
Init LCD{);

J/ Initialise the Beal time clock module on the 38602 device.
Init RTC();

fori::) ff Initiate an infinite loop 3o that

A the time can he continously written to the LCD

Write Cme Char (OxFE); // Write instuction to LCD
Write Cme Char (0x48); // to move the cursor home
ff Wait a period for instruction to he executed
Delavyi():

A Wait until hour register iz ready to he read
while (RTC.RHRDR.EIT.E3Y == 1];:
A4 store hour unit walues in temporary variabhle
tewp hours units = RTC.RHRDR.EBIT.HRO:
J/ Add the ASCII offset walue so wvariable now holds ASCIIT
J/ walue of current hour unit value
temwmp hours units += 0x30;
44 store hour tens walue in temporary variabhle
tewp hours tens = RTC.RHRDR.EBIT.HRI1;
J/ Add the ASCII offset walue so wvariable now holds ASCIIT
J/ walue of current hour tens value
tewmp hours tens += 0x30;

A Wait until minute register iz ready to bhe read
while (RTC.BRMINDE.EIT.E3Y == 1):;
A4 store minute unit value in tcemporary variabhle
temwmp mins units = RTC.REMINDR.EBIT.MNNO;
Sf hdd the ASCII offset walue so variable now holds AICII
A4 owalue of current minute unit value
temp mins units += 0x30;
ff Sstore minute tens value in temporary wvarisbhle
temwmp mins tens = RTC.EMINDR.EIT.MMN1;
Sf hdd the ASCII offset walue so variable now holds AICII
A4 owalue of current minute tens value
Lemp mins tens += 0x30;
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ff Write a

ff Write a

h

4 Now it is possible to write ASCII time wvalues to LCD
4 Write hours tens walue to LCD as thiz wvalue should appear first
Write One Char (tewp hours tens):;
4 Write hours units walue to LCD az thiz wvalue should appear second
Write One Char (tewp hours units);
i7" character Lo the LCD to separate hours from mins
Write One Char (OX3A4);
4 Write minute tens walue to LCD az thiz should appear next
Write One Char (tewmp mins tens);
A4 Write minute unit value to LCD
Write One Char (tewp mins units):
1" character Lo Sseparate minutes from seconds
Write One Char (OX3A4);
4 Write second tens value to LCD
Write One Char (tLewmp sSecs tens);
fé Write second units value to LCD
Write One Char (tewmp sSecs units):

The variables declared at the top of the function are used to hold the temporary current time value
from each part of the second, minute and hour RTC time registers. The Synchronous Serial
Communication Unit is then initialised and configured to communicate with the LCD. The LCD
may then be initialised. This clears the display and allows the next character transmitted to the LCD
will be displayed in the top left corner of the LCD. The RTC is then started. Starting it at this stage
prevents the first second from being missed in the display of the current time. The code then goes
into an infinite loop, moving the LCD cursor home, grabbing the current time value from the RTC
registers whilst these are not busy, and displaying the time value on the LCD.

The Init_SSU function is shown in the following code.

void Init 33U (woid)
i

CESTPRZ.BIT.S3UCESTE = 1:;

FPFCR.EIT.33U5 = 1;

33U.55ER.BYTE &= Ox3F;

S33U.55CRL.EBIT.33UHS = 1;
337T.35ME.BYTE = 0Ox57:

A LCD commanhicates

33U.35MR.BIT.CPO3
33U.35MR.BIT.CPH3

33U.35CRH.BYTE |[=

33U.35CRH.BYTE &=

337.355R.BYTE
337.35ER.BYTE
b

=1;
=|:|;

Ox&a;

0x9F;

Q=00;
Q=30;

£
£
£
£
£
£

£

£
£

£
£
£
£

£
£

Zwitch on the 330 peripheral

Change the pin assigmments of the 330

331 is P90, 330 is P91, S35CHE is P92, 3C3 is P95
Transwission iz disabled (TE, kit 7 iz cleared to 0)
Feception is disasbled (BE, kit & is cleared to 0)
Jet the peripheral for four line comm mode

Set clock rate at thi/Z56 and set M3IE first.

in wode 1, 1. 3et polarity and phase bhits to handle this

Jet clock polarity to idle state low
Jet data to change at first edge

et hit 1 & 2 to enable serial clock pin and 3C3n pins.
set M33 hit to set as master

Clear BIDE bhit =so that two pins are used for comms.
3003 bhit cleared for CHOS output

Clear all the status flags
et the TE [(Transwit enable) bhit 7 bit
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Firstly the SSU peripheral is switched on in the clock stop register. The following figure (figure 13)
shows the flow diagram used to initialise the SSU peripheral.

Clear TE and RE bits in SSER to 0

Clear SSUMS bit in SSCRL to 0

Clear CPOS and CPHE bits to 0 and set
MLS and CKS2 to CKES0 bits in SSMR

Set SCKS bit in SSCRH to 1
and set MSS and SO0S bits

Clear OREH bit in S55R to 0

Set the TE and RE bits in SSER to 1
and set RIE, TIE, TEIE, and RSSTP
bits according to transmission/
reception/transmission and reception

End

Figure 13: SSU Initialisation

The Init SSU function then follows the flow diagram in figure 13. The TE and RE bits are cleared
to 0. The SSUMS bit is then set to 1 (instead of 0), as this application requires four line
communication mode. The LCD needs the SPI to communicate in mode 1, 1 and so the CPOS and
CPHS bits are set to 1 and 0 respectively. MLS is set to MSB first and the clock bits are set to the
slowest setting of ¢/256. The SSCRH register is then set up to configure the peripheral as a master
with serial clock pins and chip select pins enabled. The BIDE bit is also cleared for two pin
communication and the SOOS bit cleared for CMOS output. The status flags may then all be
cleared and the transmit enable bit set. The SSU is now ready to transmit to the LCD.

REG05B0005-0100/Rev.1.00 October 2008 Page 35 of 39



H8/38602
| (EN ESAS I°C and SSU Code Example for LCD Display

The LCD displays the character whose ASCII representation is sent to it. Instructions to the LCD
itself start OXFE; the byte following this indicates the instruction. The initialisation code for the
LCD is shown below

Init LCD{void)
i
4 Bend instruction

Write One Char (OxFE]:
S to clear the display
Write One Char (0x58]

Delavi(): // wait for instruction to he executed

4 Bend instruction

Write One Char (OxFE]:

S to turn off blinking cursor
Write One Char (0x54):

4 Bend instruction
Write One Char (OxFE]:
S to move cursor position to the top left of the display area.
Write One Char (0x48]
Delavi(): // wait for instruction to he executed
h

This function clears the LCD display, turns off the visibility of the blinking cursor, moving it to the
top left of the LCD display. The LCD is now ready for the time to be displayed on it.

The last initialisation function to be called is Init RTC. The code for this is shown in the following
program code.

void Init RTC (woid)
i
A4 Create temporary varisbles to hold minute and hour values
CESTPE1.BIT.RTCCESTP = 1; /% Enable the AEC and LCD modules */
4 Make sure the time value iz not at & transition and
ff the RETC registers are not husy
while (RTC.RSECDE.BIT.E2Y == 1):

/% zet up RTC for a clock time hase of 1 second */
RTC.RTCCRL.EIT.RUN = 0:// STOP RTC
RTC.RTCCRL1.BIT.R3T = 1;:// BRESET ON
RTC.RTCCR1.BIT.EST 0:// BRESET OFF

RETC.RTCCRL1.BIT.MD = 1; // 3et to 24 hour mode
RTC.RTCCR1.BIT.INT = 1:

RTC.RTCC3IR.EYTE |= 0Ox03; // 3et to real time clock function
RTC.ESECDR.BIT.3C0O = 0; // 3et the second register walue to O
RETC.R3IECDR.EIT.3C1 0: // Set the second regsiter valus to O
RTC.RTCCRE1.BIT.ERUN 1;// TURN RUN CIT

RTC.RTCCRZ.BIT. 18EIE = 1; // int controller rte iupt enable

IENR1.BIT.IENRTC = 1; // Enable the RTC interrupt
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Firstly, as with the SSU peripheral, the RTC peripheral is switched on via the clock stop register.
Figure 14 shows the initialisation process required for the RTC peripheral

P |

< Esv-0 >

RUMN in RTCCR1 =0 RTC operation is stopped.
|
RST in RTCCR1 =1

| RTC registers and clock count
BRST in RBTCCR1 =0 controller are reset.

|
Set RTCCSR, RSECDR,

RMINDR, RHRDR, Clock output and clock source are
RWKDR, 12/24 in selected and second, minute, hour,
RTCCR1, and PM day-of-week, operating mode, and
| — am/p.m are set.
RUN in RTCCR1 =1 RTC operation is started.

Firstly the BSY flag should be checked until it is 0. The RTC peripheral should then be stopped by
putting the Run bit to 0. The RST bit should then be toggled to initiate an internal reset of the RTC
registers and clock controller. This value is then entered into the RTC registers. Finally the RUN bit
is set to 1 again to start the peripheral. The Init RTC code performs this initialisation with a couple
of differences. The RTC interrupt is enabled in the RTC control register 1, and the RTC is set to 24
hour mode. Further the RTC second interrupt is enabled in the interrupt enable register and the RTC
control register 2. It is not necessary to initialise the minute and hour RTC registers as these should
be at 0 already.

Once all the peripherals have been initialised it is now possible to write data to the LCD. The
Write one char function shown in the following coding writes one byte of data to the LCD via the
SSU bus.

vold Write One Char (char characterl)
i
SSU.SSER.BIT.TE = 1: /¢ Enable 33U transmission

while (353U.32353R.BIT.TDRE == 0] A4 wait until transwit data iz ewpty

SaU.353TDR = characterl: A4 put data to he transwmitted in 33TDR register

while (S3T.3353R.BIT.TEND == 0O} // wait until transmission of data has ended

SaU.E55R.BIT.TEND = 0O; /4 olear the TEND flag as thiz should he finished
SSU.SSER.BIT.TE = 0; // diszable transmission
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This function enables the transmit data so that the peripheral may transmit data on the bus. Next the
device should wait to check that the transmit data register is empty before placing data in this
register. Once this check is complete, a character of data (one byte) may be written into the transmit
register. The device should then wait until this byte has been transmitted by checking the Transmit
End flag. The TEND flag may then be cleared and transmission disabled to complete the
transmission.

Conclusion

The MBH838602 board was successfully used with an LCD display and some interfacing circuitry.
Communication to the LCD from the H8/38602 was achieved using both the SSU and I°C
peripheral of the device.

Website and Support

Renesas Technology 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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Notes regarding these materials

1. This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any intellectual
property rights or any other rights of Renesas or any third party with respect to the information in this document.

2. Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising out
of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.

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.

4. All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, 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 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.

© 2008. Renesas Technology Corp., All rights reserved.

REG05B0005-0100/Rev.1.00 October 2008 Page 39 of 39



