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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

H8/38076
LCD RTC and Power Mode Demonstration

Introduction

The purpose of this application note is to provide an example of the H8S/38076 Real time clock and
LCD peripherals in use. The application also demonstrates these peripherals functioning in seven
power modes.

The application utilises a 3DK38076 board with LCD baseboard, a current meter and a power
supply.

All code was developed using Renesas’ High Performance Embedded Workshop (HEW) with the

Renesas C/C++ Compiler, Ver.6.02. The code was developed on an H8/38076 using the On-Chip
Debug functionality via an E7 Emulator.

A picture of the 3DK38076 with LCD base board and embedded software is shown below.
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H8/SLP Family Overview

The H8/SLP range of devices are based around either the high-speed H8/300H or the high-speed
HS8/300L cores. The 300H based devices have an internal 16-bit architecture, Sixteen 16-bit general
registers, 62 instructions and various peripheral functions. Those based around the H8/300L cores
support 55 basic instructions and have eight 16 bit registers.

The low power consumption of these devices means that they are ideal for battery powered
applications such as metering.

System Overview

The 38076 specifically is an SLP device based around the 300H core. It has the following
peripherals:

RTC - Real Time Clock Counter which may also be used as a free running counter.
AEC - Asynchronous Event Counter

LCD controller/driver - For driving an LCD. It supports 32SEGS with 4 COMM lines.
Timer F - 16 bit counter

TPU - 16-bit timer pulse unit

PWM - 14-bit Pulse Width Modulator

WDT - 8 bit Watchdog timer

SCI - Serial Communication Interface

IIC2 - IC bus interface providing a subset of the Philips I°C format.

ADC - 10-bit Analogue to Digital converter

Figure 1 shows the peripherals used in this demo

Figure 1: System overview
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As can be seen from the previous figure (figure 1), the RTC and LCD perlpherals are used in this
demonstration. The on chip emulator was used in conjunction with an E7 for code development.
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Development Environment

Figure 2 shows the environment (hardware and software) used to develop the application.

Laptop /PC E7

USE Interface

Header Cahle

Power
suppl
mimim PPl
L]
Power Cable

Figure 2: Application Set-up

The laptop PC runs HEW and has the E7 drivers installed. HEW provides a code developing
environment, and also allows code to be debugged on the device using the E7.

The 3DK38076 provides a hardware platform for the H8/38076 device and connects to the LCD
baseboard below.

A centre positive 5V power supply is required to power the 3DK board when the final application is
running without intervention with the E7. This ensures LCD clarity. If an E7 is used, provide a 6V
power supply or higher (10V maximum) to guarantee flash programming.
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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 32.768KHz 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 3

PSS

32-kHz RTCCSR |=<+—>
oscillator 1/4
circuit
RSECDR |=—»
RMINDR | =—>

RHRDR [|=—>»
T™MOW Clock count

controlcireuit |, " RWKDR |<—»

RTCCR1 |=—

-—»| RTCCR2 |=<+—»

RTCFLG >

Y

Internal data bus

. Interru!)l . > Interrupt
*| control circuit
[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 3: 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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1. 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 - - - -
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
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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:

Bit 7:

Bit 6:

Bit 5:

Bit 4:

Bit 3:

Bit 2:

Bit 1:

Bit O:

FOIE - Free Running Counter Interrupt Enable

0: Disables the Free running counter overflow interrupt.

1: Enables the Free running counter overflow interrupt.

WKIE - Week Periodic Interrupt Enable

0: Disables a week periodic interrupt.

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

0: Disables a day periodic interrupt.

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

0: Disables an hour periodic interrupt.

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

0: Disables a minute periodic interrupt.

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

0: Disables a second periodic interrupt.

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

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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2. RTCCSR - RTC Clock Source Select Register H'FO6F

7 6 5 4 3 2 1 0

RCS6 RCSS5 SUB32K | RCS3 RCS2 RCS1 RCSO

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

The 8-bit R/W RTC Control Source Select register selects the clock source to be used for output on
the TMOW pin and the clock source to be used when the RTC is used as a free running counter. If
the RTC peripheral is to be used as an RTC clock, the 32 KHz clock must be selected. A description
of each of the bits in register RTCCSR is given below:

Bit 7: Reserved
Bit6to4: RCS[6:5] & SUB32K - Clock output selection from TMOW pin when TMOW
bitin PMR3 is 1.

000: Clock output will be ¢/4.
010: Clock output will be ¢/8.
100: Clock output will be ¢/16.
110: Clock output will be ¢/32.
XX1: Clock output will be ¢pw.

Bit3to 0:  RCS[3:0] - indicates morning or afternoon time
0000: Free running counter operation.... ¢/8.
0001: Free running counter operation.... ¢/32.
0010: Free running counter operation.... ¢/128.
0011: Free running counter operation.... ¢/256.
0100: Free running counter operation.... ¢/512.
0101: Free running counter operation.... ¢/2048.
0110: Free running counter operation.... ¢/4096.

0111: Free running counter operation.... ¢/8192.
1XXX: 32.768 KHz for RTC operation
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3. RTCFLG — RTC Interrupt Flag Register H'FO67

7 6 5 4 3 2 1 0

FOIFG | WKIFG DYIFG HRIFG MNIFG SEIFG 05SEIFG 025SEIFG

Initial Value:

Read/Write:

0 0 0 0 0 0 0 0

- R/W R/W R/W R/W R/W R/W R/W

The RTCLFG register is an 8 bit R/W register which stores the status of all the interrupt flags. A
description of all the flags within this register is given below:

Bit 7:

Bit 6:

Bit 5:

Bit 4:

Bit 3:

Bit 2:

Bit 1:

Bit O:

FOIFG - Free Running Counter

When this bit is a 1, the free running counter interrupt has occurred. Write a 0 to
this bit to clear the flag.

WKIFG - Week Periodic Flag

When this bit is a 1, the RTC has generated a week counter interrupt. Write a 0 to
this bit to clear the flag.

DYIFG - Day Periodic Flag

When this bit is a 1, the RTC has generated a day counter interrupt. Write a 0 to this
bit to clear the flag.

HRIFG - Hour Periodic Flag

When this bit is a 1, the RTC has generated an hour counter interrupt. Write a 0 to
this bit to clear the flag.

MNIFG - Minute Periodic Flag

When this bit is a 1, the RTC has generated a minute counter interrupt. Write a 0 to
this bit to clear the flag.

1SEIFG - 1 Second Periodic Flag

When this bit is a 1, the RTC has generated a second counter interrupt. Write a 0 to
this bit to clear the flag.

05SEIFG - 0.5 Second Periodic Flag

When this bit is a 1, the RTC has generated a half second counter interrupt. Write a 0
to this bit to clear the flag.

025SEIFG - 0.25 Second Periodic Interrupt Enable

When this bit is a 1, the RTC has generated a quarter of a second interrupt. Write a 0
to this bit to clear the flag.
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4. RSECDR - Second /Free Running Counter Data Register H'F068

7 6 5 4 3 2 1 0
BSY SC12 SC11 SC10 SC03 SC02 SCO01 SC00
Initial Value: - - - - - - - .
Read/Write: R R/W R/W R/W R/W R/W R/W R/W

The RSECDR register is an 8 bit Read register that stores the seconds value of the RTC time value.
A seconds value may be written to the register. See section 5.3 for details.

Bit 7: BSY — Busy: Indicates when seconds value should/ should not be read.

When this bit is a 1, the second value contained in the register should not be read.
Wait until the BSY bit has cleared before reading the value.

Bit [6:4]: SCI[2:0] — Tens value of seconds

This holds the current tens value of seconds. The value stored here will be within the
range 0:5. Only read this value when the BSY bit is 0.

Bit [3:0]: SCO[3:0] — Units value of seconds

This holds the current unit value of seconds. The value stored here will be within the
range 0:59. Only read this value when the BSY bit is 0.
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5. RMINDR - Minute Data Register H'F069
7 6 5 4 3 2 1 0
BSY MNI12 MNI11 MNI10 MNO3 MNO2 MNO1 MNOO

Initial Value: - - - - - - - -
Read/Write: R R/W R/W R/W R/W R/W R/W R/W

The RMINDR register is an 8 bit Read register that stores the minute value of the RTC time value.
A minute value may be written to the register. See section 5.3 for details.

Bit 7: BSY — Busy: Indicates when seconds value should/ should not be read.

When this bit is a 1, the minute value contained in the register should not be read.
Wait until the BSY bit has cleared before reading the value.

Bit [6:4]: MNI[2:0] — Tens value of minutes

This holds the current tens value of minutes. The value stored here will be within the
range 0:5. Only read this value when the BSY bit is 0.

Bit [3:0]: MNO[3:0] — Units value of minutes

This holds the current unit value of minutes. The value stored here will be within the
range 0:59. Only read this value when the BSY bit is 0.
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6. RHRDR - Hour Data Register H FO6A
7 6 5 4 3 2 1 0
BSY - HRI11 HR10 HRO3 HRO2 HRO1 HROO

Initial Value: - 0 - - - - N B

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

The RHRDR register is an 8 bit Read register that stores the hour value of the RTC time value. An
hour value may be written to the register. See section 5.3 for details.

Bit 7: BSY — Busy: Indicates when seconds value should/ should not be read.

When this bit is a 1, the hour value contained in the register should not be read. Wait
until the BSY bit has cleared before reading the value.

Bit 6: Reserved

Bit [5:4]: HR1[1:0] — Tens value of hours

This holds the current tens value of hours. The value stored here will be within the
range 0:2. Only read this value when the BSY bit is 0.

Bit [3:0]: HRO[3:0] — Units value of hours

This holds the current unit value of hours. The value stored here will be within the
range 0:9. Only read this value when the BSY bit is 0.
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7. RWKDR - Week Data Register H' FO6B

7 6 5 4 3 2 1 0

BSY - - - - WK2 WK1 WKO
Initial Value: - 0 0 0 0 - - )
Read/Write: R - - - - R/W R/W R/W

The RWKDR register is an 8 bit Read register that stores the hour value of the RTC time value. An
hour value may be written to the register. See section 5.3 for details.

Bit 7: BSY — Busy: Indicates when seconds value should/ should not be read.

When this bit is a 1, the minute value contained in the register should not be read.
Wait until the BSY bit has cleared before reading the value.

Bit [6:3]: Reserved

Bit [2:0]: WK][2:0] —Indicates the day of week
This holds the current day of the week as a value.
000: Sunday
001: Monday
010: Tuesday
011: Wednesday
100: Thursday
101: Friday
110: Saturday
111: Setting prohibited

The value stored here will be within the range 0:7. Only read this value when the
BSY bit is 0.
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LCD Controller Per

ipheral

e The display capacity is 32 SEG using static, /2, 1/3 or 4 duty.

e LCD RAM capacity of 16bytes. This may also be accessed in words.

e Unused segment pins may be used as 1O pins in groups of four.

e There is a choice of 11 frame frequencies.

e FEither an A or a B waveform can be selected via software as the output.

e There is an on chip power supply split resistor.

e LCD display is possible in all power modes other than Standby mode.

e The device can supply a 3V constant voltage to the LCD without using VCC voltage.

e The output of the 3V constant voltage supply circuit is adjustable.

e The LCD module may be placed in module standby mode

Figure 4 shows the block diagram of the LCD Controller

A
CDLC Mailboxes
MCn0, LAFMND
MCndto | p (n=0to3)
mc; Temwar}r :I :\ICH_'
ERXD% ¥ Dbuffer MDn0 to
MDnd +* 2
REC (n=0to3) =
TEC =
BCRO/'1 =
gE
—p[ VECR MCR. B
—p| THEE | EXFR | GSE.  —
—p| THCE | REPE |julf— ICE  |—
—p| T{ACK | UNSE. [— TCIRR( 1 =
L[ Z5ACK | VEDVE l— TCIVRD 1j—
TCMR_|— o
S Port Control
[ Intsrrupt Generator —— - Intetrupt Request
Figure 4: LCD Controller block diagram
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LCD RAM

The LCD RAM is an area of memory within the device used to contain display information. The
values written here will determine the value output on the corresponding SEG line. Figure 5
illustrates how the LCD memory is arranged when the LCD peripheral is set to 74 duty.

Bit7 Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
HF370 | SEG2 | SEG2 | SEG2 | SEG2 | SEG1 | SEG1 | SEG1 | SEGH
H'F37F | SEG32 | SEG32 | SEG32 | SEG32 | SEG31 | SEG31 | SEG31 | SEG31

comM4 COM3 COMz COM1 COM4 COM3 COM2 COM1

Figure 5: LCD RAM Memory arrangement with LCD controller set to 4 duty.

With % duty COMI1 to COM4 is used. The SEG line values are arranged with even number
segments values located in the upper nibble of the memory. Odd number segments are located in

the lower nibble of the LCD RAM.
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The arrangement of the LCD RAM when the duty is 1/3 is similar but the COM4 column is not
used. The LCD RAM memory for 2 duty is shown in figure 6. The usable LCD RAM memory is
halved, and only COM 1 and 2 are used. For static mode the memory is quartered and only COM1
is used.

Bit7 Bite Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
H'F370 | SEG4 | SEG4 | SEG3 | SEG3 | SEG2 | SEG2 | SEG1 | SEGH

= Display space

H'F377 | SEG32 | SEG32 | SEG31 | SEG31 | SEG30 | SEG30 | SEG29 | SEG29

L Space not used
for display

H'F37F

R R ooy

coOMz COM1 COM2 COM1 COM2 COMi1 COM2 COMA{
Figure 6: LCD RAM Memory arrangement when LCD controller duty is set to '% duty.
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8. LPCR — LCD Port Control Register H'FFAO

7 6 5 4 3 2 1 0

DTS1 DTSO CMX - SGS3 SGS2 SGS1 SGSO0
Initial Value: 0 0 0 - 0 0 0 0
Read/Write:  R/W R/W R/W w R/W R/W R/W R/W

The LPCR is an 8 — bit R/W register used to select the duty cycle, the duty and the segment driver.
A description of the use of each bit in the register is given below:

Bit [7:5]: DTS[1:0] & CMX - Duty Cycle Select 1 and 0, Common Function Select

These bits select the duty cycle and the common driver. See below for the DTS and
CMX values that give the required duty cycle.

000 | Static duty cycle using COM1 (Do not use COM4, COM3, COM2)

001 | Static duty using COM4 to COM1, all of which output the same waveform.
010 | % duty using COM2 to COM1 (DO not use COM4 or COM3).

011 | % duty using COM4 to COM1, COM4 outputs same waveform as COM3
COM2 outputs same waveform as COM1
100 | 1/3 duty using COM3 to COM1 (Do not use COM4).

101 | 1/3 duty using COM4 to COM1 (Do not use COM4). This provides identical
behaviour as the setting above.

1XX | Y duty using COM 4 to COM1

Bit 4: Reserved

Bit [3:0]: SGS[3:0] — Segment Driver Select 3:0

These bits select which pins of the device are to be used to drive the LCD. Table 1
shows the relationship between the SGS values and the device IO pin used for LCD
display.
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SEG32 |SEG28 |SEG24 [SEG20 [SEG16 |SEG12
Bit3: [Bit2: |([Bitl: |Bit0: |to to to to to to SEGS8 to[SEG4 to
SGS3 |SGS2 |SGS1 [SGSO0 |SEG29 |SEG25 [SEG21 [SEG17 |SEG13 |SEGY9 |[SEG5 [SEG1
0 0 0 O0|PORT [PORT [PORT |PORT |PORT [PORT [PORT |PORT
0 0 0 1{[PORT |PORT |PORT [PORT |PORT |PORT |PORT [SEG
0 0 1 0|PORT [PORT |PORT |PORT [PORT [PORT |SEG SEG
0 0 1 1[PORT |PORT |PORT [PORT [PORT |SEG SEG SEG
0 1 0 O|JPORT [PORT |PORT |PORT [SEG SEG SEG SEG
0 1 0 1{PORT |PORT |PORT [SEG SEG SEG SEG SEG
0 1 1 0|PORT [PORT |SEG SEG SEG SEG SEG SEG
0 1 1 1[{PORT |SEG SEG SEG SEG SEG SEG SEG
1 0 0 0|SEG SEG SEG SEG SEG SEG SEG SEG
1 0 0 1[{SEG SEG SEG SEG SEG SEG SEG PORT
1 0 1 0|SEG SEG SEG SEG SEG SEG PORT |PORT
1 0 1 1[{SEG SEG SEG SEG SEG PORT |PORT [PORT
1 1 0 0|SEG SEG SEG SEG PORT |PORT |PORT [PORT
1 1 0 1|SEG SEG SEG PORT |PORT [PORT [PORT |PORT
1 1 1 0|SEG SEG PORT |PORT |PORT [PORT [PORT |PORT
1 1 1 1|SEG PORT |PORT |PORT [PORT |PORT |PORT |PORT
Table 1: Relationship between the SGS[3:0] bit values and the port pin use.
9. LCR - LCD Control Register H'FFA1
7 6 5 4 3 2 1 0
- PSW ACT DISP CKS3 CKS2 CKS1 CKS0
Initial Value: 1 0 0 0 0 0 0 0
Read/Write: - R/W R/W R/W R/W R/W R/W R/W
Bit 7: Reserved
Bit 6: PSW — LCD Drive Power Supply Control

This bit is used to turn off the LCD drive power supply when the LCD display is not
required (either in a power down mode or when an external power supply is used).

0: LCD drive power supply is turned off
1: LCD drive power supply is turned on

REG05B0003-0200/Rev.2.00
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Bit 5:

Bit 5:

Bit [4:0]:

CKS3 CKS2 CKS1 CKS0

o

X

L i = = T i = T =)
P B P P O O O O X X

o

P B O O P kB O O -» o

ACT - Display Function Activate

This bit halts or starts operation of the LCD controller/driver. When the LCD driver is
halted, the LCD drive power supply is also turned off, regardless of the setting of the
PSW bit. The LCD register peripheral contents are retained.

0: LCD controller/driver halts

1: LCD controller/driver operates

DISP - Display Data Control

This bit specifies whether the LCD RAM contents or blank data is displayed on the
LCD regardless of the LCD RAM contents.

0: Blank data is displayed
1: LCD RAM data is displayed

CKSJ[4:0] — Frame Frequency Select [4:0]

These bits are used to select the operating clock and the frame frequency used by the LCD
controller. Since only the subclock is available in some power modes, (subactive, subsleep and
watch mode) one of the clocks ¢w, ¢w/2 or ¢w/4 should be selected if LCD display is required in
all power modes.

0

P O P O B O P O % K

Operating clock

ow
ow/2
ow/4
o/2
o4
¢/8
¢/16
$/32
/64
/128
/256

Frame Frequency

¢ =2 MHz ¢ = 250 kHz
128 Hz 128Hz
64 Hz 64 Hz
32 Hz 32 Hz
244 Hz
977 Hz 122 Hz
488 Hz 61 Hz
244 Hz 30.5 Hz
122 Hz
61 Hz
30.5 Hz
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10. LCR2 - LCD Control Register 2 H'FFA2
7 6 5 4 3 2 1 0
LCDAB | HCKS CHG SUPS - - - -
Initial Value: 0 0 0 0 - - - -
Read/Write: R/W R/W R/W R/W W W W W
Bit 7: LCDAB - Waveform A or B select

When this bit is a 1, the free running counter interrupt has occurred. Write a 0 to
this bit to clear the flag.

Bit 6: HCKS - Step up clock selection for 3V constant voltage power supply circuit
0: The clock selected by bits CKS3 to CKSO0 in LCR is divided into 4
1: The clock selected by bits CKS3 to CKS0 in LCR is divided into 8.

Bit 5: CHG - Connection control of LCD power supply split resistor

Selects whether an LCD power supply split resistor is disconnected or connected
from or to an LCD drive supply.

0: Disconnected

1: Connected

Bit 4: SUPS - 3V constant voltage power supply control

Used to turn off 3V constant voltage supply. The power supply is turned off when
BGRSTPN in BGRMR is cleared to 0 even if SUPS is 1.

Bit [3:0] Reserved
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11. LTRMR —LCD Trimming Register H'FFA3
7 6 5 4 3 2 1 0
TRM3 TRM?2 TRM1 TRMO - CTRM2 CTRM1 CTRMO
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

Bit [7:4] TRM[3:0] Output voltage adjustment of 3V constant voltage power supply
circuit

0000: 3.00V
0001: 2.94V
0010: 2.88V
0011:2.85V
0100: 2.79V
0101: 2.76V
0110: 2.70V
0111:2.67V
1000: 3.48V
1001: 3.42V
1010: 3.36V
1011: 3.30V
1100: 3.24V
1101: 3.18V
1110: 3.12V
1111: 3.06V

Bit 3: Reserved
Bit [2:0]: CTRM]2:0] Variable Voltage Adjustment of 3V constant voltage power supply

3V power supply used for LCD drive power supply adjustable within range of 3V+/-
10%. Set these bits to adjust panel functions for temperature.

000: 3.00V
001: 3.09V
010: 3.18V
011:3.27V
100: 2.64V
101: 2.73V
110: 2.82V
111: 291V
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12. BGRMR - BGR Control Register H'FFA4
7 6 5 4 3 2 1 0
BGRSTPN | - - - - BTRM2 | BTRMI BTRMO
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
Bit 7: BGRSTPN - Band Gap Reference Circuit Control

This controls whether the band gap reference circuit operates or halts.
0: Band gap reference circuit halts.
1: Band gap reference circuit operates.

Bit [6:3]: Reserved

Bit [2:0]: BGR - Output Voltage Trimming

Adjust approximately 1.2-V BGR output voltage. Selects whether an LCD power
supply split resistor is disconnected or not from/to an LCD drive supply.

0: Disconnected

1: Connected
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Power Modes and Power Mode Transitions

The H8/38076 device can operate in various power modes. This allows the power consumption of
the device to be minimised in specific applications. Figure 7 shows how the transitions between
various power modes are made. The conditions of the transitions are given in table 2 and 3.

( Reset state ) Program Program
T execution state halt state
PTTTTTTTTTTmoomommmm s ! -_-_-"'---Lf__________________‘____: SLEEP T T oI Tm e e
! Program ' SLEEP @i ! instruction @l (
: halt state instruction Active : — Sleep
[ {high-speed i — ! (high-speed)
| mode) : (3) : mode
| Standby : o\
! mode L ©) : i
i @) SLEEP\!
| SLEEP instruction '\
i instruction E
1 I
| | %, ®
| |
| : d{qctive 3 . ! i { clSIeep 3
\ medium-spee ! | medium-spee
! SLEEP ! mode - G mode
\ instruction > i \
| " SLEEP'CD |
! instruction I
| J/ @ |
i SLEEP SLEEP |
i eyuctio instruction |
| | SLEEP : |
i i instruction i !
: . : Y | .
| ! SLEEP~ ! Y | SLEEP ©i (
| T gn ! | et !
! mode : ), : mode : 2} i mode
: 7 : : . v, : : e
—=: Transition is made after exception handling D Power-down modes
is executed.

Figure 7: Power mode transitions in 38076 device.

The round edge grey boxes indicate the various power modes the device can enter. These determine
whether the device runs from the subclock or the system clock and which functions of the device
are enabled.

The thick black arrows indicate power mode transitions. The arrow head points to the power mode
which the transition is going to. There are two types of transitions; those marked numerically which
are interrupt driven and those marked alphabetically which indicate transitions initiated by a SLEEP
instruction.
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As the diagram shows, the device operates in active high speed mode when it first comes out of
reset. The device is capable of making a direct transition to any power mode except subsleep mode.
However a transition is possible from active high speed mode to subsleep mode via subactive mode.
It is possible to go from any power mode to any other power mode either via direct transitions or by
using other power modes.

The three power modes shown on the right hand side indicate “sleep”modes. In these modes the
CPU operation will be halted but most peripherals still function. Any interrupt which occurs whilst
the device is in sleep mode will cause a transition out of the sleep mode.

The two top-most power modes in the middle column are active modes. In these modes both clock
oscillators, the CPU, and all on-chip peripheral modules function.

In subactive and subsleep mode the subclock is used as the clock source. The system clock is halted.

In Standby and Watch mode the system clock oscillator stops, the CPU and selected on-chip
peripheral modules stop functioning. (All peripherals stop functioning when in Standby mode).

Tables 2 and 3 show the conditions that should be met for a particular mode transition

Table 2: SLEEP instruction activated transitions Table 3: Interrupt activated transitions

Mode Transition Conditions (1) Mode Transition Conditions (2)
LSON MSON SSBY TMA3Z DTON Interrupt Sources
-@l 0 0 0 # (1) | RTC, timer F, IRQO interrupt, AEC,
(b) 0 1 0 * 0 WKP7 to WKPO interrupts
-@ 1 ¥ 0 1 0 C} RTC, timer F, TPU, SCI3 interrupt, IRQ4, IRQ3,
@ 0 1 0 0 IRQ1, IRQO, IRQAEC interrupts, WKP7 to WKPOD
(& * 1 1 0 interrupts, AEC
® b} 0 0 % 1 @ |Allinterrupts
@ 0 a # 1 (# |IRQ1, IRQO, WKP7 to WKPO
D 0 1 1 1 1 interrupts, AEC
@ 1 1 1 1
Gj 0 0 1 1 1
# Don't care

There are two types of transitions. Those driven by interrupt (required for power modes that halt the
CPU) and those instigated by the sleep instruction in combination with the status of the LSON,
MSON, SSBY, TMA3 and DTON bits in SYSCR1 and SYSCR2.
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Software Description for demonstration

13. Code Purpose

The software for this application is designed to demonstrate the RTC and LCD peripherals in
operation in various power modes. The code prompts the user to enter an initial time shown on the
LCD in 24 hour format. The time displayed on the LCD will then increment on the minute, every
minute and the power mode the device operates in will also change.

14. External code operation

The software runs on 3DK38076 connected to the LCD base board. When the code starts to execute
all the LED's on the 3DK will light. This notifies the user that the board is functional. The LCD
located on the LCD baseboard will have “00.00” displayed on it, with the last “0” flashing. The user
may now enter a time to start the real time clock peripheral. Switch 3 may be used to increment the
value displayed, switch 2 to select the required digit for incrementation. If the user makes a mistake
when entering the time or changes his/her mind the reset switch may be pressed and the time
entered again after the reset.

Once a suitable time value is entered onto the LCD and set, the Clock value displayed on the LCD
will start to increment every minute. The power mode will also change every minute. There are 8
LED's on the 3DK which are used to indicate what power mode the board is in at any particular
time. See figure 8 for an explanation of the program flow and the power mode transitions.
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15. Program Flow
The flow of the software program is shown in figure 8.

Figure 8: Program Flow diagram

Port Initialisation and setup for LED's and

switches User enters initial
time via sw2 and
v sw3
Set up LCD.
LCD disnlavs 0000 with minute unit flashing Sw3 increments

¢ value, sw2
selects digit.

Set up RTC and Prompt user for clock time — use
switch 2 and 3 to enter time.
LCD digits flash one by one until time is entered

Code enters infinite loop

1minute RTC Interrupt:

LED 7 Lights

LED 5 lights

b

LED 6 Lights

i Active Mode 1* power mode transition Sleep Mode i
! High Speed High Speed :
: »| LED 1 lights LED 2 Lights | 1
i Time on LCD Time on LCD i
: Updated Updated |
i 1minute RTC Interrupt: i
' . 2nd nower mode transition '
' Iminute RTC Interrupt: :
i 3nd power mode transitio !
! 1minute RTC Interrupt: i
! 4th power mode transition |
| Active Mode Sleep Mode |
: Medium Speed |
! Medium Speed | !
! LED 3 lights
! 10 : |
! Time on LCD 5 LED 4 Lights |
i Updated Time on LCD | !
: - Updated !
: 1minute RTC Interrupt: i
: 1minute RTC Interrupt: 5th nower mode transition i
i 6th power mode transition . '
! 1minute RTC Interrupt: |
! 7™ power mode transition I
| Subactive :
i Subsleep Mode |
1 | Watch Mode Mode Hpsieep :

Time on LCD Iminute RTC
Updated Interrupt: Time on LCD )
P 9th power mode | Updated _ _ Time on LCD
transition Iminute RTC Interrupt: Updated
8th power mode transition
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This figure shows the first step of the code is to set up the LED ports so they may all light on a reset.
The LCD peripheral is then configured (using the LCD peripheral registers described in the
previous section "LCD Controller Peripheral") to display “00.00”. The last “0” will then flash, and
the user will enter a time in 24 hour mode (see section 14 for details on entering a time value). The
RTC is then initialised and the value obtained from the user placed in the appropriate time data
registers (see section "Real Time Clock Peripheral"). The RTC minute interrupt is enabled and the
code then enters an infinite loop. This loop repeatedly updates the time value on the LCD and
controls the transition to the next power mode on receiving a minute interrupt from the RTC.

16. 38076_Clock Workspace

The workspace when opened will appear as figure 9.

SR 33076_Clock
- I@ 38076_Clock
=29 C zource file
4] dbsct.c
Q intpro.c
Ledo

B
B
3] main.c
B
B

Fowertodes. o
regetprg.c
j RTC_Time_Entmy.c
—-i23 Dependencies
% 38076k
Ledh
Ledsh
main.h
Fowertodes. b
RTC_Time_Entmy.h
é stackact.h

o o o i

Figure 9: Workspace view

File Names and Purposes

“main.c”: The main function is held in “main.c”. This holds some initialisation functions and the
infinite loop discussed in figure 8. It also contains the interrupt service routines for the switches and
the real time clock.

“PowerModes.c”: Holds a function for controlling the power mode transitions of the device and
lighting an LED to indicate which power mode the device is in at any moment.

“RTC_Time_Entry.c”: Controls the user entry of the initial clock time to be displayed on the LCD.
This value is then entered into the RTC time registers.

“Lcd.c”: Contains various LCD functions. Some of these functions flash characters, another
displays specific characters at a given location on the LCD and another updates the RTC value
stored on the LCD.

“Leds.c”: A short file with functions to light individual LED's.
“intprg.c”: Stores the default execution code for all Interrupt Service Routines.

“Resetprg.c”: The code in this file determines what the device does immediately following a
hardware reset.

“dbsct.c”: Initialises and sets up memory sections.
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Memory and Code Sections

The memory sections are shown in figure 10.

HBS,HB/300 Standard Toolchain

Section

rar_l,li CPU 4 ! *l

Configuration ;

Address | Section | ! oK |
d ||0x00000400 PResetP...
3805 FlntPRG Cancel
- Cw00007000| P .
i~ CSBSEC Add.
+1-E3

0x0000F37A) BLCD_R..
0=0000F710| B
R
O=x0000FD00 5

Impart ] EEE——
E wport

o

SN2

IA

&

(] l Cancel

Figure 10: Section information

“PResetPRG” starts at 0x400 and contains the ResetPRG function. This tells the device what to do
once a hardware reset has completed.

“PIntPRG” holds the default interrupt routines for all possible interrupts for the 38076.
“P”” holds the program code.

“C$DSEC” is the address area for initialised data in ROM.

“C$BSEC” is the address area for Non-Initialised data in ROM.

“D” is for initialised data in ROM.

“B” holds Non-Initialised Data in RAM

“R” is a reserved area for Initialised Data in RAM.

“S” is an area of Ram reserved for the stack

“BLCD_RAM?” is a user entered section that covers the entire internal LCD RAM memory in the
device.
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Session Files and Configurations with this workspace

Session files determine what tool is used (i.e. E7, simulator, HMON etc.), and the files available for
download to a target. They are therefore target and tool specific files.

The build configuration determines what type of file is output by the toolchain, sections,
linker/assembler/compiler settings etc.

In this workspace there are two build configurations and two session configurations. For debugging
the code using the E7, the build should be set to Debug, and the session to E7.

The Debug build outputs debug information in the load file (this may be an elf / dwarf format file
with the extension “.abs” for example). The debug session sets up the E7 as the tool, the 300H CPU
as the target and the “.abs” as the download module.

The Release build has no debug information in the load file as it produces stand alone code for the
target. When this code is programmed into the target, the target may be reset and the code runs. For
programming the release version of the code into the target, set the both the build and the session to
“release” (as in figure xx). This configures the tool as the E7, the target as a 300H CPU and the
download file as the “.mot”.

The debug session selects the “.abs” file to be downloaded to the target. The release build selects
the “.mot” file.

- High-performance Embedded Workshop - [main.c*]

Project Options  Build Memory Tools Window  Help
{r 7 @M > b 10 8 2

¥ | Releaze ﬂ I—L| oy

Connect and

_ Disconnect lcons
Build name Session Name
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17. Code Functions

Void ResetPRG(void)

When the H8/38076 comes out of reset comes out of reset the reset vector (address 0x000000) is
read. Code execution begins at this address.

J_{wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww}f

L L
* FILE resetprg. C i
* DATE Mon, mMar 01, 2004 w
¥ DESCRIPTION :Reset Program w

A% CPU TYPE tH8/Other w/
H H
% This file is generated by Renesas Project Generator (ver.3.1). *
i i

J_,.fwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww}f

#Finclude <machine.h>

#include <_h_c_Tih.hz

#Finclude "stacksct.h"

extern void mainwoid);

#pragma section ResetPRG
_entryfvect=00 void Poweron_Reset(void)

set_dmask_ccr(ll;
_IMITSCTE;

set_dmask_ccr(0l;
maing;

sleepll;

¥

After the SP has been initialised, the function ResetPRG is executed. This disables the interrupt
masking I bit in the CCR register temporarily while the section initialisation function is run.

The code then enters main.
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void main(void)

II."**************************************************************

main

Purpose: Jets up hardware, initialises ports and peripherals.
Holds infinite loop for RTC update on LCD and power
mode transition.

Parameters Returned: None

Paramweters Passed: None

**************************************************************f
vold mwain (woid)
i
f4 ZBets up direct transition interrupt and transitions from watch mode
Hardware Setup():
J4 Bets up LED port for output
init Portsi):
/4 ZBets up switech pins for interrupt inputs
init PortS{);:
ff Configures LCD registers
init LCD();
S/ configures RTC registers and initialises / starts RTC
init RTC();
/4 Enter High Speed Mode
Zet_Power Mode():
S/ ZBet upinfinite loop

fori(:;:)
{ /4 If RTC minute interrupt has gone off recently
if (CHANGE == 1)

{// Reset CHANGE to stop code going round in a loop
CHANGE = 0O;
/4 TUpdate the LCD with the new wvalue
Uplate LCD ()

/4 Then change the power mode as it iz safe to do so
Zet_Power Mode():
*

else; // User can enter own code here

The first function to be called from main is Hardware Setup(). This sets up some registers
for system use. The second function configures port 5 as an output port (each of the pins of
which is connected to an LED). The function which runs next sets up the switch inputs as
interrupts. The init LCD function configures the LCD registers for use with the LCD
contained on the base board. The init RTC function initialises and starts the RTC peripheral.

The main body of code is contained within an infinite loop. This detects whether or not an
RTC interrupt has just occurred via the global variable CHANGE. If so, the LCD time value
and the power mode are changed correspondingly using the functions UpDate LCD() and
Set Power Mode(). Whilst these updating functions are not running, the user is free to enter
their own test code. It should be noted however, that in the sleep modes (high speed sleep,
medium speed sleep and subsleep modes) the CPU is stopped and no code will run. (This is
the reason the code shown here detects an RTC interrupt, and then updates the LCD before
changing the power mode).
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void Hardware Setup(void)

This function performs some systems initialisations.

{

3T3ITEM.3Y3CR1.
3T3ITEM.3Y3CR1.
3T3ITEM.3Y3CR1.
AT3TEM.3Y3CRE
AT3TEM.3Y3CRE

#ifdef Release

fendif

#ifdef E7

fendif

3T3TEM. CE3TPR:Z
3T3TEM. CE3TPR:Z
3T3TEM. CE3TPR:Z

b

3T3TEM. CESTFPR1.
3T3TEM. CESTFPR1.

3T3TEM. CESTFPR1.
3T3TEM. CESTFPR1.

3T3TEM. CESTFPR1.
3T3TEM. CESTFPR1.
3T3TEM. CESTFPR1.

BEIT

BEIT.
.BIT.
.BIT.

wvoid Hardware Setup (void)

INT.IENER1.BIT.IENECZ = 1:
INT.IENERZ.BIT.IENDT = 1:
INT.IRRZ.BIT.IRRDT
BEIT.

= 0;
aT32 = 1:;
L3TEL = 1:
aT3o = 1;
3hl = 1:
3a0 = 0;

BIT.34CE3TF =
BEIT.FROMCESTP

BIT.34CE3TF =
BEIT.FROMCESTP

BIT.332CE3STP =
BIT.ADCESTF
BIT.TFCESTF

LBYTE = 0Ox00;
LBIT.AECCESTP =
LBIT.LDCESTE =

/4 Enable IRQAEC interrupt

/4 Enable Direct Transition interrupts
ff Clear the interrupt flag

fAf setup standbhy timer select.

ff subactive clock select.
fAf 3lowest walue chosen

o;
=|:|;

1:;

1:;

1; /f/ enable bhsynchronous Counter
1; // enable LCD

Firstly it enables the IRQAEC interrupt. This allows an IRQAEC interrupt to be generated
when SW2 is pressed. It also enables a second interrupt; the direct transition interrupt. (The
flag for this interrupt is cleared to prevent any erroneous direct transition interrupt handling).

Secondly it sets the standby timer select bits. The values in these bits determine the length of
time the CPU and peripheral modules wait for a stable clock. To ensure these will not start
before the clock is ready, the code has set this to the longest possible value. The timing for
this application is not critical. Lastly the subactive clock value is selected. This is set to ¢w/2
to ensure that the LCD peripheral is functional in all of the used power modes. The code
then switches off any modules that are not required. For release mode, modules used with
the E7 may be switched off (such as the flash).

void Init Port5(void)

void init Port5({voi

{

3

PORT.PCRS.EYTE
PORT.PMRS.EYTE

dj

OxFF: //
ox00; /fF

onfigure all pins as outputs
onfigure port as IO pins

This function sets up port 5 as an output port. This port is connected to 8 red LED's. Setting
a 0 in a particular bit in the data register of this port lights the LED connected to the port pin
associated with that bit.
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void Init Port9(void)

This function sets up pin 2 of port 9 as an interrupt pin (connected to Sw3). The 3™ bit of the
port 9 mode register must therefore be configured as an IRQ4 input. The interrupt must then
be enabled in the interrupt enable register. The interrupt edge register determines which
edge of the interrupt is taken as the interrupt input.

woid init_ Port2(void]
i
FORT.FMRO.EYTE
INT.IEGR.EIT.IEG4
INT.IEMNR1.EIT.IEN4
b

4 Enabhle IROQ4
A4 Zet up interrupt edge sSelect register
/4 Enahle IRQ4 interrupt regquest

Q=04
o:
1:

void Init LCD(void)

This function sets up the necessary LCD registers to drive the LCD on the baseboard. Firstly the
clock halt register 1 is set to a value that ensures neither the LCD nor AEC modules are in standby
mode. The LPCR register is then set for 1/3 duty and for the SEG lines SEG21 to 32 to be used to
drive the LCD. The LCR register is set to turn on the LCD power supply, activate the display
function and set the frame frequency to ¢w. The LCR2 register sets waveform B, the setup clock as
Ya of ¢w, connects the LCD power split resistor and turns of the 3V constant voltage supply. The
LTRMR register sets the reference voltage adjustment for the LCD and the constant 3V power
supply for the LCD. These are both set to 3V in the code below.

wold init LCD(woid)
i

SYITEM.CESTPRZ.BYTE = 0x09; /% Ensure LCD & AEC modules
are not in standby %/

LCD.LPCE.EYTE | = 0x8Dh; // Select duty cyole and sSegment driver
LCD.LCR.E¥TE |= OxEO; // LCD Power on, LCD RAM data not displayed

A LCD Driwver operates, frame freq selected
LCD.LCRZ.BYTE = 0Oxd0; /S waveform and power St up
LCD.LTEME.EYTE |= 0Ox03; // Power trimming setup
LCD.BGEME.EYTE |= 0OxF3: // Band gap reference circuit setup
LCD.LCR.BIT.DIZP = 1: F4 Display RAM data.

A4 Display 0000 on the LCD initially

Dizplavil,
Dizplavia,
Dizplavis,
Dizplavid,

oy :
o)
o)
oy :

!
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void Init RTC(void)

This function initialises the RTC peripheral. A flow diagram of the initialisation process is shown in
figure 11.

Figure 11: RTC initialisation procedure

- |

S

RUN in RTCCR1 =0 :| RTC operation is stopped.

|
BRST in RTCCR1 =1
| RTC registers and clock count
BSTin RTCCR1 =0 controller are reset.
|
Set RTCCSR, RSECDR,

BMINDR, BRHRDR, Clock output and clock source are
BRWKDR, 12/24 in selected and second, minute, hour,
RTCCRA1, and PM day-of-week, operating mode, and
| - a.m/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. In this program, the user provides the initial clock time. This value is
then entered into the RTC registers. Finally the RUN bit is set to 1 again to start the peripheral. The
code for implementing this initialisation is shown below:
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i
int
int
int
int

RTC

:

3Y3ITEM.CESTFR1.

RTC.
RTC.
RTC.

RTC.
RETC.

RETC.
RTC.

RTC.

RTC.

INT.

INT.

void init RTC (wvoid)

ff Create tewmporary wariables to hold mwinute and hour wvalues

temp min u = 0O;
temp min t© = 0O;
tewmp _hr u = 0;
temwmp _hr © = 0;

f% 3et up RTC for a clock time base of 1 second */
RTC.
RTC.
RTC.

ETCCR1.BIT.RUN = O;// STOP RTC
ETCCE1.BIT.EST 1;// RESET ON
RTCCE1.BIT.EST 0:;// RESET CFF

ff Collect user entered clock time
temp min u = Get Min T Value(); // get minute unit wvalue
tewmp min t = Get Min T Value(); // get minute tens value
temp hr u = Get HRE U Value(): A4 get hour units walue
temp hr t = Get HR T Valueitemp hr uj: A4 get hour tens value

RTCCR1.BIT.EB1Z 24 = 1; // SET TO 24 HE MODE

RTCCRZ.BYTE |= 0x08; // EMNAELE RTC INTERRUFPT
RTCCER.EBYTE |= 0x08; // SET TO REAL TIME CLOCE
EIECDR.BIT.3CU = 0: // 3Zet the second register walues to 0

R3ECDR.BIT.SCT

EMINDE.EIT.MNU = temp min u; // Put user entered minute unit
temp min t£; /¢ Put user entered minute tens
.RHEDR.EBIT.HRU = temp hr u: AF Put user entered hour unit
EHEDE.BIT.HRT = temp hr t; AF Put user entered hour tens

FMINDR.EBIT.HMNT

RTCCR1.BIT.RUN = 1;// TURN RUN ON
IENE1.BYTE |= 0Ox80; // int controller rtc iupt enable

IENE1.BIT.IENRTC = 1; // Enable the RTC interrupt

BYTE = 0OxSE: % Enahle the AEC and LCD modules */

a; /f Set the second regsiter value to O

This function requires some temporary integer variables. These are used to store the results of the
Get X Y Value functions which obtain the user entered initial clock value. These functions are
contained in the RTC Time_ Entry.c file. The system register CKSTPR1 is set so the RTC and AEC
(required for the SW3 interrupt) modules are out of clock halt mode. Unused peripherals are halted
so save power. As required by the RTC initialisation procedure (shown previously) the peripheral is
halted via the Run bit and reset via the RTS bit. The user entered time value is then obtained, via
the Get X Y Value functions, and entered into the RTC time registers. The RUN bit is the put to 1
to start the RTC and the RTC interrupt is enabled.
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Void Set Power Mode(void)

The code in main then enters an infinite loop which holds two functions, Set Power Mode and
UpDate LCD. Set Power Mode is contained within the file “PowerMode.c” and is responsible for
looking at the value of the global variable “PMODE” (which numerically expresses what the
current power mode should be / is) and putting the device into that power mode. It follows the
power mode transitions shown in figure 7. The code for this function is shown below. The
transitions are either driven by the RTC interrupt or initiated by the sleep instruction. For those
which are interrupt driven, the power transition is automatic. All that is required of the
Set Power Mode function is to light the appropriate LED. For those which are initiated by the
sleep instruction, the bits are set in the SYSCR1 and SYSCR?2 registers and the sleep instruction is
executed.

void Zet FPower HMode (void)

i
if (PMODE == ACTIVE H3 1)

i
4 relies on RTC interrupt only
F4 light LED 1 to indicate power mode is active high speed
LED 1(}:
}

else if(PMCDE == ZLEEF H3) // transition a)

i

A light LED 2 to indicate power mode i3 sleep high speed
LED Z():

A Put appropriate waluss in 3ITVICR=s

SYITEM.3Y3CRE1.BIT.LSCW = 0O;
SYITEM.3Y3CEZ .BIT.HM3CW = 0O;
3YT3ITEM.3Y3CRE1.BIT.35EY = O:
3YITEM.3Y3CEZ .BIT.DTOWN = 0O:

ff Execute sleep instruction
sleep():
}

else if({PMODE == ACTIVE H3 Z]

i

ff relies on BTC interrupt to get from a Sleep to active mode
A light LED 1 to indicate power wode i active high speed
LED_11):

h
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{

LED 3 ()
A/ Put
SYSTEHN.
SYSTEHN.
SYSTEHN.
SYSTEHN.

Zleep()
}

{

LED 4]
;f Put
SITITEHM.
SITITEHM.
SITITEHM.
SITITEHM.

=leep()
h

{

LED 3 ()
h

{

;7 Puc

SYVSTEHM.
SYVSTEHM.
SYVSTEHM.
SYVSTEHM.
SYVSTEHM.
ff Edecute sleep instruction
=leepi):

r

else if (PMODE == ACTIVE M3 1) // transition g)

/¢ light LED 3 to indicate power mode iz active mediwn speed

appropriate wvaluezs in 3Y23CRs
SYRCR1.EBIT.LACN =
SYRCRZ BEIT.MACON =

SYSCR1.EBIT.33EBY
SYSCR2 .BIT.DTON
/¢ Execute sleep instruction

r

.
-

elze if (PMODE == ZLEEP HM3)

o;
1;
|:|-

r

1;

fftransition h)

A4 light LED 4 to indicate power mode i sleep medium speed

appropriate wvaluez in 3IY3CR=
BTICR1.BIT.LACON =
SBYICRZ .BIT.M3C0N =

SYSCR1.BIT.233EYT
SYSCR2 .BIT.DTON
/4 Execute gleep instruction

.
-

else if (PMODE

A relies on
// light LED

r

else if (PMODE

/¢ light LED
LED 51 :

o:
1:;
o:

o:

== ACTIVE M5 2)

RTC interrupt only
3 to indicate power mode iz active medium

== SUBACTIVE 1]

5 to indicate power mode iz subactive

appropriate valuez in 3Y¥3CRE=

S3¥3CR1.

S3Y3ICRE

S3¥3CR1.
S3¥3CR1.

S3Y3ICRE

EIT.
.EIT.
EIT.
EIT.
.EIT.

L3CN =
M3CN =
33BY =
THMAS =
DTCN

.
r

.
r

r

e N il

r

1:

speed
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{

A/ Put

{

'

{

ff Put

3YSTEN.
3YSTEN.
3YSTEN.
SYSTEN.
SYSTEM.
/4 Execute sleep instruction
sleep():;

SY2TEN.
SY2TEN.
SY2TEN.
SY2TEN.
SY2TEN.
/S Execute =leep instruction
sleepi):

else 1if(PHODE == SUEBILEEF)

/4 light LED & to indicate power mode iz subsleep
LED &();

appropriate wvaluezs in 3Y3CERE=

3TSCRL.

3TSCRE

3TSCRE

BIT.
.BIT
3TSCRL.
3TSCRL.

BIT

L3aN

SO
BIT.

33BY

. THAS
.BEIT.

DTCN

else 1if(PMODE == WATCH)

-
-

-

H O OR

-

o;

else if (PMCDE == SUBACTIVE Z)

/4 light LED 5 to indicate power mode iz subactive
LED 5{j;

4 light LED 7 to indicate power mode is
LED 7{};

appropriate wvalues in 3Y3CEs

3TSCRL.

3TSCRE

3TSCRE

BIT.
.BIT
3TSCRL.
3TSCRL.

L3oN

HMSON
BIT.
BIT.
.BIT

33BY
THLS

| o |

LDTON =

-

.
-
-

-

o:

currently watch
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Void UpDate LCD(void)

This function is used to read the value of the RTC registers and display the register value on the
LCD. The code for this function is contained in LCD.C.

void UpDate LCD (void)
i
/4 Temporary wariasbles to store RTC register wvalue
unsigned int temp u 1, temp u 2, temp t 1, temp t Z;
f4 Declare wariahle to determine successfull read
unsigned char read success = 0;

/4 Read the minute walue from the RTC min reg

while (read success != 1)
{ A4 Wait until BSY flag is clear
while [(RTC.RMINDE.EBEIT.EBE23Y == 1):
/4 Check that the busy bit is 0O
if (RTC.REMINDE.EIT.ESY == 0]
{ A4 Bead the minute unit wvalue once

temp u 1 = RTC.RMINDR.EIT.HMNU;
/4 Read the minute tens walue once
temp t 1 = RTC.RMINDR.EIT.HMNT:
h
/4 Check that the busy bit is 0O
if (RTC.REMINDE.EIT.ESY == 0]
{ /4 PBead minute units walue for second time
temp u 2 = RTC.RMINDR.EBEIT.HMNU:
/4 PBead minute tens walue for second time
temp t 2 = RTC.RMINDR.EIT.HMMNT:
h
/4 Check the first and second reads are equal
if{ftemp u 1 == temp u 2] L& (temp t 1 == temp t 2]
{ read success = 1; // If so - success!
Display(l, tewp u 1); // Show walues on LCD
Display(Z, temp t 1):
h
read success = 0; // reset succesz variable

Firstly some variables are declared to hold temporarily, the minute units, tens value and the hours
units, tens values. Another variable is declared to indicate that the RTC register read has been
successful. For each register (the minute and the hour register), the code waits until the busy flag
associated with that register is 0. When this flag is 0, the unit value and then the tens value is read
once, and then again. The first and second values are then compared and if identical, are displayed
on the LCD. The read_success variable is then reset for the next read. This code is an example of
how to use each of the RTC register read methods stated in section 10.14.3, revision 3.00 of the
38076 manual.
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S Bead the hour waluese from the RTC min reg

while (read success !'= 1)

{ S Wait until B3YT flag i=s clear
while (RTC.REHRDE.EBEIT.E3Y == 1] :
£ Check the flag is 0
if (RTC.RHEDE.EIT.E3Y == 0]

{ /4 Read the hour unit walue once
tewp u 1 = RTC.RHRDR.BIT.HRU;
ff Read the hour tens walue once
tewp t 1 = RTC.RHRDR.BIT.HRT:

S Check the hour flag i= 0O
if (RTC.RHEDE.EIT.E3Y == 0]
{ /4 Read the hour unit wvalue for second time
tewp u 2z = RTC.RHRDR.BIT.HRU;
Sf Read the hour tens walue for second time
tewp t 2z = RTC.RHRDR.BIT.HRT:
}
ff Check the firat and second reads are egual
ififtemp u 1 == tewp u 2] && (Cemp © 1 == temp © 2]]
{ read success = 1; // If 30 - success!
Display (3, tewmp u 1): // Zhow wvalues on LCD
Displavy (4, temp t 1):
}
}
read success = 0; // reset variahle
}
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Void Display(x, V)

The LCD display used on the baseboard will appear as figure 11 when all segments are lit:
LOW BATTERY CONTINUITY

Figure 11: LCD Baseboard Display

The LCD has four characters, a MIN segment, a BC segment, LOW BATTERY text and
CONTINUITY text. Each character has the structure and naming convention as shown in figure 12:

FI l
DF N

Figure 12: LCD character segment structure & naming convention

Any character can therefore produce any single digit number. Only three SEG lines are required to
drive a single character. The values written through these SEG lines may be controlled via the LCD
RAM. The relationship between the LCD RAM and the character segments is shown in figure 13.
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LCD Segments
LOW BATTERY commmw

MIN 4F|4(3 l4E: 3F|3(3 lsEi 2Fl2ﬁ3 |2Ei 1Fl1'3 |1Ei
L
3 2 1
4E|4D |4C 3E|3|:| lC 2E| 'C 1E|1D lC

|
BC S0P leF' 3D 2

[] [] [] D

Character 4 Character 3 Character 2 Character 1

LCD Memory

Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

HF374

SEG22 | SEGZ2 | SEG22 SEG21 | SEG21 | SEG21

10 1G 1A CONT 1C 1B
SEG24 | SEG24 | SEG24 SEG23 | SEG23 | SEG23

Lowy | 2¢C 26 20P 1E 1F
SEG25 | SEG25 | SEG25 SEG26 | SEG26 | SEG2E

3DP 2E 2F 2D 26 24
SEGZ7 | SEGZY | SEG2T SEG2E | SEG28 | SEG2S

I 3c 3B 3D 3G 34
SEG29 | SEG29 | SEG29 SEGI0 | SEGI0 | SEG30

40P IE 3F BC 4B 4C
SEG3 | SEG31 | SEG3 SEG32 | SEG32 | SEGIZ

4D 4G 44 50P 4E 4F

- ! ' ' ooy
GCOM3 COM2  COM1 COM3 COM2z2 COM1

Figure 13: LCD Memory and segment configuration

Note: The RAM address starts at F37A as we do not use any of the SEG lines before SEG21 in this
application.
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The function Display(x, y) is contained in lcd.c. Its function is to put the value y in the location on
the LCD display given by x. A section of the code is shown below.

wvolid Displayi(int character, int wvalue)
{
A gtructure iz used to hold configurations of the 3IEG
fF lines to output & specific waluse on the LCD
struct
{
unsigned char 3EG ¥ XC XB:3:
unsigned char 3EG ED EG EL:i3:
unsigned char 3EG ¥ E Fi3:
P LCD_3EGS:;

ff The following is a list of IEGMENT configurations

ff to ohtain the wvalue specified by "walus"
if(value == 0} /f/ If reguired "™walus"™ wvariakle iz 0O,
{
f% Then we want to display:

il
EEEREEE LA, B, C, D, E & F are CN
* *
F = * B 3 are OFF
* *
* *
E = * 0
* *
EEEEEEL
D
*f

LCD SEGS.SEG X ¥C ¥B = 3; // B and C are ON
LCD_SEGS.SEG_XD_XG XA = 5; // & and D are ON (G is OFF)
LCD SEGS.SEG X E F = 3; /¢ F and E are ON

}

else if(wvalue == 1]
{
/* Then we want to display:

o E & F are ON
+*
F * E A, T, D, E & G are OFF
o *
+*
E *C
i) *
*

LCD_SEGS.SEG X XC X¥B = 3; // B and C are ON
LCD_SEGS.SEG XD _XG XA = 0; // A4, G and D are OFF
LCD_SEGS.SEG X E F = O; // E and F are OFF

}

A temporary structure is declared to hold the required number to be displayed (given by the input
parameter y). This only has to represent three SEG lines as this is all that is required to drive a
single character on the LCD. Value x is used to determine which part of the LCD RAM exactly the
number should be placed. The SEG lines used to generate each of the four LCD characters are

X XC_XB, (where X is continuity, BC, low battery or MIN), XD XG XA and X XE XF. In this
application we will not use continuity, BC, low battery or MIN.
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The section of code above shows the SEG definitions for 0 and 1. The code also contains similar
definitions for 2 up to 9. Now that these have been completed, each of the characters on the LCD (1
to 4) may be attributed to one of these numerical definitions. As seen in the previous figure, SEG
lines 21 to 23 hold character display information for character 1, SEG lines 24 to 26 hold
information for character 2, SEGS 27 to 29 hold information for character 3, and finally SEGS 30 to
32 hold information for character 4. It is possible to reuse the temporary LCD SEGS structure
because we only write one character on the LCD every time Display LCD(x, y) is called.

A Now we can put any huwerical vwalue bhetween 0 and 9
A in our nuwkher sStorage structure we need to allocate
A thiz numerical structure to the LCD wmemory

if (character == 1)

i

LCD_RAM.ZEG 21 LCD_3EG3.3EG_X EC XE:

LCD_RAM.3EG 22 = LCD_SEGS.3EG_XED XEG XA:

LCD_RAM.3EG 23 = LCD_SEGS.Z5EG X E F@

h

elze if(character == 2]

i

LCD_RAM.3EG 24 = LCD_SEGS.3EG_X XC XEE:

LCD_RAM.ZEG 25 LCD_3EG3.3EG_XD XG XA:

LCD_RAM.3EG 26 = (LCD_S3EG3.3EG_ X E F | DOT):

f£f Thiz puts a dot to distinguish bhetween mins and hours
h

el=ze if(character == 3]
i
LCD_RAM.ZEG 27
LCD_RAM.3EG 28
LCD_RAM.3EG_ 29
h

LCD_SEGS.SEG_X XC_XB:
LCD_SEGS.SEG_XD_XG_XA:
LCD_SEGS.SEG_X E _F:

elze if(character == 1)

i

LCD_RAM.3EG 30 = LCD_SEGS.3EG_X XC XEE:
LCD_RAM.3EG 31 LCD_3EG3.3EG_XD XG XA:
LCD_RAM.3EG_32 LCD_3SEG3.3EG_X E F:

h
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18. ISR's

All interrupt service routines for interrupts which are used in the code are held in the file "main.c".

RTC Minute Interrupt

The interrupt service routine for the minute RTC interrupt is shown below.

__interrupt (wvect=iZ]) woid INT RTC MIN (wvoid)
1
ff First clear the RTC minute f£lag
RTC.ETCFLG.EIT.MNIFG = 0r

S Indicate to main that the RTC ifupt occurred
CHANGE = 1:
S If in watch mode, want to go back to active HS
if (PHODE == WALTCH)
S 20 set power mode to high speed active
PHMODE = ACTIVE HS 1:
S if power wode is not watch, go to the next power rmode
el=ze PHODEA+4:
b

The first part of the code clears the RTC minute flag. The code then sets the variable CHANGE to 1
so that the main function can detect that the RTC interrupt has recently gone off. The variable
PMODE is then incremented to initiate a transition to the next power mode. The function
Set Power Mode() discussed previously takes the variable PMODE to perform the transition and to
light an LED accordingly. The definitions of PMODE are given in "powermodes.h".

IRQ4 (SW3)

IRQ4 is used to generate an interrupt when SW3 is pressed (SW3 is connected to the IRQ4 input
pin). The interrupt service routine for IRQ4 is shown below:

A 33 interrupt
__inrerrupt (vect=10]) woid INT IRQ4 (woid)
i
INT.IER1.EIT.IER4 = 0O;:
aW3 = 1;
SWITCH FREIZED = 1:
¥

Firstly the IRQ4 flag is cleared. The global variable SW3 is then set to 1 to indicate SW3 has been
pressed. The global variable SWITCH_PRESSED is also set to 1 to indicate one of the two
switches (SW2 and SW3) has been pressed.
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IROAEC (SW2)

IRQAEC is used to generate an interrupt when SW2 is pressed. SW2 is connected to the IRQAEC
pin. The interrupt service routine for SW2 is shown below:

F/B8WE interrupt

{

awmz = 1:
SWITCH PREZSED
b

___interrupt (vect=8) wvoid INT IRQAEC (void)

INT.IER1.EBIT.IRREC:Z = 0O;:

= 1:

Firstly, as with all other interrupt service routines written here, the flag is cleared. The global
variables SW2 and SWITCH_PRESSED are set to 1 to indicate that SW2 and one of the switches

have been pressed respectively.
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Current Consumption and Memory Resource Allocation

One of the aims of this application was to minimise the current consumption of the code/device,
ensuring the current consumption was within the current consumption limits given in the manual.

19. Current Measurement Technique

Figure 14 shows the power circuitry for the 3DK38076. To measure the current consumed in each
power mode, resistor R11 was removed and a current meter placed between terminals 1 and 2 of the
jumper J11.

AVCC
bW
7 Board VCC uvee
| Ndrﬁ‘le-w | =
Jg Supply e—_ i
KLD-SMT2-02024 ug —_—
. LM317LM R11
LT ; — VIM WOUT o
TN4148W e
: = o ADJ M20-9990206

with a low value resistor for

current measurement or
bypaszed uging J11

| |
| |
| |
| |
| 1206 OR link may be replaced |
| |
| |
| |
| |

— T1T2T3
GROUND  Ground test points for probe connection
@ [ER13 = —
1o @ ERE | Current
£ c7 [es | Measurement |
H R14
GRTUMD GR&ND

Figure 14: Power and current measurement circuit for 3DK38076

The current meter used was a Rapid Electronics 318DMM. The power supply used is a Thurlby
PL320 which was set to 5V when running the code. The E7 is disconnected, and the device was
programmed in release mode, under the release session.
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20. Current Measurement Results

Table 4 below compares the expected from the user manual with the actual results obtained.

Power Mode LED | Actual Expected

Active High Speed 1 5.94mA <10mA

Sleep High Speed 2 3.89mA <S5mA

Active Medium Speed 3 0.736mA < 1.8 mA

Sleep Medium Speed 4 0.711mA <5mA

Subactive 5 32.5uA <50uA

Subsleep 6 15.3uA <16uA

Watch 7 13.8uA > 6uA (as the LCD must be on)

As seen from the previous table, all current measurements are within the maximum limits given in
the manual.

Please note that these values do not reflect the minimum power consumption values possible. This
is due to the following reasons:

a) The 3DK board has unterminated 10 pins.
b) The RTC and LCD modules are enabled.

c) The subactive clock is set to the highest value

21. Memory Map

The memory map of the 38076 device with the demonstration code mappings included is shown in
figure 15.
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Figure 15: Memory map of 38076 with code sections included

H'0000

H'0057
H'0055

H'0400

H'0413
H'0414

H'0461

H'0200
H'1190
H'119E

H'11A3
H'11A4
HTTATY
H'11A8
H'11AF
H'Co00

H'CFFF
HDO0O

HEFFF
HF000

HFO9F
HFOAD

HF36F
HF370

HF37F
HF380

HF710
HF710

HF717
HFDOD

HFEFF
HFFOO

HEETF
HFF80

HFFFF

Interrupt Wector

On Chip ROM

FResetPRG

FIntFRG

Free ROM

F

CEDSEC

C$BSEC

O

Elank RO

Mot Used

{0 Registers

Mot Lsed

ELCD_RAM

LCD RAM

Free RAM

R

>

Free RAM

/O Registers

The previous diagram shows that the code occupies 0xA12 bytes in ROM memory (not including
the interrupt vector) and 20E bytes of RAM (the LCD Ram is not included). This leaves C596 bytes

of ROM free and BFF — 20E = 9F1 bytes of free RAM.
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Conclusion

The LCD peripheral on a H8/SLP device was successfully used to drive an LCD using the internal
LCD RAM area. The RTC peripheral was also utilised to display the current time on the LCD. This
time was updated every minute. This produced a clock which would operate within seven of the
eight possible power down modes of the SLP device. The power consumption of the device was
within the thresholds specified in the manual. The lowest power consumption recorded was 14.8uA.

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.
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