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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

H8/300H Super Low Power Series
Waiting for Stabilization of Sub-Oscillator with Minimum Supply Current

Introduction

This application note describes two methods of waiting for the oscillation of the sub-oscillator to be stabilized with
minimized supply current: one uses atimer and the other uses the time constant of the R-C network.

In the method using atimer, the H8/38099 waits in power-down mode until oscillation of the sub-oscillator becomes
stable. The module standby function is used during power-down mode.

To check the oscillation of the sub-oscillator, timer C is activated with supply of a subclock and made to produce 1-
second toggle output on port pin 92.

Target Device

H8/38099

Contents
I o =Y Tt o] SRR 2
2. Oscillation Stabilization Time and ReSet TiMING.......oooiuuiiiiiiiae e e e 2
3. Description of FUNCHONS USEA...........uuiiiiiieie et e e s e e e e s s s re e e e e e e e e snrnneeeeeas 4
O gL aTeiT o] (=T @] o 1T = i o] o PSR 10
5. DeSCHPLON OF SOfIWAIE .......eeeiiiieeiii ittt e et e et e e e e et e b e e e e e e e e e s anbeeeaaaaens 11
G (11 =T g PSSP PR PPR 21
7.  Link Address SPECIfICAtIONS ........c.uuuiiiiiie i e e e e s s s e e e e s s st re e e e e e e e s snnrrreeeeaeeeaaanns 23

REJ06B0642-0100/Rev.1.00 March 2007 Page 1 of 25



‘ z H8/300H Super Low Power Series
u E N ESAS Waiting for Stabilization of Sub-Oscillator with Minimum Supply Current

Specifications

1 Waiting for Oscillation Stabilization by Software

1.

1.

1. The H8/38099 directly enters sleep (medium-speed) mode after areset is canceled.

2. The operating clock frequency is /64 in sleep (medium-speed) mode.

3. Modules except for the 16-bit timer pulse unit (TPU) are deactivated in sleep (medium-speed) mode.

4. The oscillation stabilization waiting time of the subclock is counted by the TPU.

5. The H8/38099 switches from sleep (medium-speed) mode to active (medium-speed) mode using a TPU interrupt.
6. To check the oscillation of the subclock, timer C is activated with supply of a subclock.

1.2 Waiting for Oscillation to be Stabilized by Time Constant of Rand C

Rising of the RES signal can be delayed by attaching an external capacitor to the reset pin and the built-in resistor of
the pin.

2. Oscillation Stabilization Time and Reset Timing

2.1 Subclock Oscillation Stabilization Time

This section describes the oscillation stabilization time of the subclock. Figure 1 shows the subclock oscillation
stabilization timing. The subclock takes more oscillation stabilization time than the main clock. When the subclock is
used as the operating clock of the CPU before the subclock becomes stable, the system may malfunction.

Power-supply voltage
(Vcce)

Main clock
(OSC1, 0CS2)

| | e T
' T vy
Subclock _// ; 5

(X1, X2) !
\Oscillator stabilization time:
(trc = 45 ps max.)

Oscillator stabilization time (trc = 2 s max.)

Figure 1 Oscillation Stabilization Time of Main Clock and Subclock
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2.2 Timing of Reset Cancellation by Power-On Reset Circuit

The H8/300H-Super Low Power microcontroller incorporates a power-on reset circuit that generates an internal reset
signal at power-on with an external capacitor connected. Figure 2 shows the power-on reset circuit.

Vee
Vee — System clock 3-bit i
| — ©) — —— Internal reset signal
counter
ZS § Rp (100kQ)
RES —
| Voltage detector
_— Cres
777

Figure 2 Power-On Reset Circuit
Therising time (t) of the RES pin signal is found by the following equation.
t = CRES x Rp (100 kQ)

The oscillation stabilization time of the subclock is specified as 2 seconds at maximum in the hardware manual.
Therefore, when waiting for the subclock oscillation to become stable using a timer, determine the subclock usage
disabled time considering the capacitance of the external capacitor.

When delaying the reset signal negation with an external capacitor, use a 22 F capacitor considering the internal pull-
up resistor. In this case, the rising time (t) is found as follows:

t =22 pF x 100 kQ (internal pull-up resistance)
=2.2(s)
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3. Description of Functions Used

3.1 Functions
The following describes the functions used in waiting for oscillation stabilization of the subclock using the timer.

This sample task generates an interrupt every 1.958 seconds by using the TPU. For details of bitsin each register, see
section 5.3, Internal Registers Used.

3.2 Power-Down Modes

Asthe operating mode after areset is canceled, there are seven types of power-down modes, which remarkably reduce
power consumption, in addition to normal active (high-speed) mode. Further, the H8/38099 is provided with a module
standby function that reduces power consumption by selectively stopping the operation of on-chip modules. In this
sample task, the H8/38099 is made to enter sleep (medium-speed) mode after reset cancellation where the modules
other than the TPU are placed in standby mode in order to reduce supply current.

e System Control Registers 1 to 3 (SY SCR1 to SY SCR3)
SY SCR1 to SY SCR3 control power-down modes.

» Clock Stop Registers 1 to 3 (CKSTPR1 to CKSTPR3)
CKSTPR1 to CKSTPRS3 drive the individual on-chip peripheral modules into the standby state.

3.21 Sleep (Medium-Speed) Mode

» Power-down mode (sleep (medium-speed) mode) function:
In sleep (medium-speed) mode, the CPU is stopped but the system clock oscillator, on-chip oscillator for the system
clock, subclock oscillator, and the on-chip peripheral modules operate. In this mode, the on-chip peripheral modules
operate with the clock at the frequency specified by the MA1 and MAO bitsin SY SCR1, and the data stored in the
CPU registersis retained. Sleep modeis canceled by an interrupt. When an interrupt request is generated, sleep
mode is exited and the interrupt exception handling starts. When the | bitin CCR is 1 or an interrupt is masked by
the interrupt enable bit, sleep mode cannot be canceled. After exiting sleep (medium-speed) mode, the H8/38099
enters active (medium-speed) mode.
When the RES pin level isturned low during sleep mode, the H8/38099 exits sleep mode and enters the reset state.
Note that there may be adelay of up to 2/¢ seconds from the occurrence of the interrupt request signal until the
interrupt exception handling is started because the interrupt request signal is synchronized with the system clock.
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Table 1 shows the state of the LSl in sleep (medium-speed) mode. Figure 3 illustrates transitions from active mode to
sleep (medium-speed) mode.

Table 1 State of LSl in Sleep (Medium-Speed) Mode

Function Sleep (Medium-Speed) Mode
System clock oscillator Run
Subclock oscillator Run/stop
CPU Instruction Stop
RAM Retain
Register Retain
I/O Retain
External interrupt NMI Run
IRQO Run
IRQ1 Run
IRQ3 Run
IRQ4 Run
IRQAEC Run
WKPO to WKP7 Run
Peripheral module Timer C Run
Timer F, timer G Run
Asynchronous event counter Run
RTC Run
TPU Run
WDT Run
SCI3/IrDA Run
1HC2 Run
PWM Run
A/D converter Run
LCD Run
Address break Retain
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E Active
E (high-speed)
' mode SLEEP instruction
E ----- Program halt state  -----
; Active ' Sleep '
| (medium-speed) - T (medium-speed) i
: mode J ¢ Interrupt exception | k mode !
; ' handling I
Conditions for executing the SLEEP instruction Conditions for canceling mode by interrupt exception handling
LSON | MSON | SSBY TMA3 DTON Interrupt sourc
0 1 0 X 0 All interrupts
[Legend]
X: Don't care
[Note]

When making mode transitions by interrupt, transition does not occur only by an occurrence of an interrupt source event.
Be sure to accept the interrupt request and execute the interrupt handling

Figure 3 Mode Transitions

» Transition to sleep (medium-speed) mode
1. Clear the SSBY and LSON bitsin SYSCR1to 0.
2. Clear the DTON bit in SYSCR2 to 0, and set the MSON bit in SYSCR2 to 1.
3. Execute the SLEEP instruction.

» Exiting sleep (medium-speed) mode
1. Accept an interrupt request in sleep (medium-speed) mode.
2. Execute the interrupt handling processing (The LSI enters active (medium-speed) mode when it wakes up by an
interrupt).

3.2.2 Module Standby Mode

The module standby function can be set for all peripheral modules. The clock supply to modules that are set to module
standby mode is halted, and the modules enter the power-down state. When the bit in CKSTPR1 to CKSTPR3
corresponding to each moduleis set to 0, the module enters modul e standby mode. When the bit is set to 1, module
standby mode is canceled.
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3.3 16-Bit Timer Pulse Unit (TPU)
The H8/38099 group has an internal 16-bit timer pulse unit (TPU) composed of 2 channels of 16-bit timers.

Timer control register (TCR)

The TCR controls the timer counter (TCNT) of each channel. The TPU is provided with two TCRs (one for each
channel). Set the TCR while the TCNT is not working. In this sample task, the internal clock @/256 is selected as
the counter clock source.

Timer interrupt enable register (TIER)

The TIER enables or disables interrupt requests of each channel. The TPU is provided with two TIERs (one for
each channel).

Timer status register (TSR)
The TSR indicates the status of each channel. The TPU is provided with two TSRs (one for each channel).

Timer counter (TCNT)

The TCNT is a16-bit readable/writable counter. The TPU is provided with two TCNTSs (one for each channel). The
TCNT isinitialized to H'0000 by areset or when the H8/38099 enters hardware standby mode. Accesses to the
TCNT in 8-bit units are prohibited. Only 16-bit accessis allowed.

Timer general register (TGR)

The TGR is a 16-hit readable/writable register that can be used for either output comparison or input capture. The
TPU is provided with four TGRs (two for each channel). The TGR isinitialized to H'FFFF by areset. Accessesto
the TGR in 8-hit units are prohibited. Only 16-bit accessis allowed. In this sample task, TGRs are set to H'04C5 to
generate a compare-match in two seconds.

Timer start register (TSTR)

The TSTR starts or stops counting by TCNT on channels 1 and 2. The TCNT of the channel for which the
corresponding bit is set to 1 starts counting. TCNT operation should be stopped before setting operating mode in
TMDR or setting the clock source for TCNT in TCR.
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3.4 Timer C

Timer C isan 8-hit timer that increments or decrements at each input clock. Timer C has the interva function and auto-
reload function.

» Timer mode register C (TMC)
TMC is an 8-bit readable/writable register that sel ects the auto-reload function, controls count-up/count-down of
timer counter C (TCC), and selects an input clock. For the TCC count-up/count-down control, either hardware
control driven by the UD pin input or usage as a software-controlled up-counter or down-counter is selectable. The
TMC isinitialized to H'10 by areset.

e Timer counter C (TCC)
TCC isan 8-hit readable up/down-counter that is incremented or decremented by an input internal clock or an
external event. Aninput clock can be selected from among ten types of clock: the system clock divided by 8192,
2048, 512, 64, 16, and 4, the subclock divided by 1024, 256, and 4, and an external clock. In this sample task, the
TCC is configured as an up-counter, and the subclock divided by 1024 is selected for the TCC input clock.

» Timer load register C (TLC)
TLC isan 8-bit write-only register used to set avalue to be reloaded to TCC. When avaue written to TLC, the
valueisalso loaded to TCC at the sametime, and TCC starts counting up or down from that value. When TCC
overflows or underflows during auto-reloading operation, the TLC valueisloaded to TCC. Thisallows TCC to
overflow/underflow periodically within arange from 1 to 256 cycles of the input clock. TLC is allocated to the
same address as TCC and initialized to H'00 by areset.
In this sample task, the H'EOQ is set in TLC to allow the TCC to overflow in two seconds.

3.5 Interrupt Controller
The H8/38099 controls interrupts using the interrupt controller.

* Interrupt request register 2 (IRR2) shows timer C interrupt request statuses.
» Interrupt enable register 2 (IENR2) enablestimer C interrupts.

3.6 Watchdog Timer Function

The H8/38099 has an 8-bit internal watchdog timer (WDT). After areset, the watchdog timer isturned on. The inside
of the H8/38099 is reset when the WDT counter overflows because of the CPU being unable to rewrite the counter
value due to a system runaway or other reasons. In this sample task, the watchdog timer function is deactivated because
it isnot used.

e Timer control/status register WD1 (TCSRWD1)
Timer control/status register WD1 (TCSRWD1) controls writing to TCSRWD1 itself and to TCWD. TCSRWD1
also controls the operation of the watchdog timer and indicates its operating status. To rewrite thisregister, use the
MOV instruction. Bit manipulation instructions cannot be used to change its setting.
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3.7 Assignment of Functions

Table 2 lists the function assignment of this sample task. With the functions assigned as shown in table 2, the wait time
for subclock oscillation stabilization is ensured using the TPU.

Table 2 Assignment of Functions

Function Description

SYSCR1 Controls transition to sleep (medium-speed) mode in combination with SYSCR2 and
SYSCRS.

SYSCR2 Controls transition to sleep (medium-speed) mode in combination with SYSCR1 and
SYSCRS3.

CKSTPR1 Controls module standby state as well as CKSTPCR2 and CKSTPR3.

CKSTPR2 Controls module standby state as well as CKSTPCR1 and CKSTPR3.

CKSTPR3 Controls module standby state as well as CKSTPCR1 and CKSTPR2.

PSS A 17-bit up-counter that operates with input of the system clock.

TCR1 Selects the input clock of TCNT1.

TGIEAL Enables TPU interrupt requests.

TGFAl Reflects whether a TPU interrupt request has been generated or not.

TCNT1 A 16-bit counter that operates with input of the system clock divided by 256.

TGRA1 Sets the value for comparison-match interrupt.

TSTR Controls TCNT1 counting operation.

TCC An 8-bit counter that operates with input of the subclock divided by 256.

T™MC Selects the auto-reload function, controls counting up/down, and selects the input clock.

TLC Sets the value to be reloaded to TCC.

IRRTC Reflects whether a timer C interrupt request has been generated or not.

IENTC Enables timer C interrupt requests.

TCRWD1 Stops the watchdog timer.
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4. Principles of Operation

Figure 4 illustrates the method of waiting for the oscillation stabilization of the subclock using the TPU. Though the
hardware and software processing shown in this figure, the H8/38099 enters sleep (medium-speed) mode and after two
seconds, recovers from sleep (medium-speed) mode triggered by interrupt processing to active (medium-speed) mode
after waiting for two seconds by the interrupt handling.

SLEEP instruction

Immediately after a reset

TCNT1 }
H'FFFF

TGRA1
(H'04C5)

Time

H'0000 :
TCC ;

H'FF

H'EO

Time

H'00

1s 1s

Operating mode

Active (high-speed)!

Sleep
1 (medium-speed)

/

Active
(medium-speed)

Hardware processing

Hardware processing

Hardware processing

o~~~

Hardware processing

None

Software processing

(a) Enter sleep
(medium-speed) mode.

(a) Make settings for
power-down mode.

(b) Configure P92 as
an output pin.

(c) Set module standby
states.

(d) Configure the TPU.

(e) Enable interrupts.

Software processing

(a) Execute SLEEP
instruction.
(b) Increment TPU counter.

(a) Generate compare-match
of TCNT1.

(b) Set TGFA1to 1.

(c) Wake up in active
(medium-speed) mode.

Software processing

a) Start TPU interrupt handling.
b) Stop counting by the TPU.

c) Clear TGFA1 to 0.

d) Disable TPU interrupt.

e) Clear module standby states.
f) Configure timer C.

g) Start counting up by TCC.

AA,_\A,_\A,\
=

(a) TCC overflows.
(b) SetIRRTC to 1.

Software processing

(a) Start timer C interrupt
handling.

(b) Clear IRRTC to 0.

(c) Invert P92 output.

Figure 4 Waiting for Subclock Oscillation Stabilization Using TPU
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5. Description of Software

5.1 Modules
Table 3 lists the modules of this sample task.

Table 3 Description of Modules

Module Name Label Name Function

Main routine main Make settings for the TPU, power-down mode, and the module
standby function, and enables interrupts.

TPU interrupt tpulint Interrupt handling routine executed when the H8/38099 switches from

sleep (medium-speed) mode to active (medium-speed) mode, which
configures timer C and makes settings for the module standby
function.

Timer C interrupt  tcint Performs timer C interrupt handling processing.

5.2 Argument
No argument is used in this sample task.
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5.3 Internal Registers Used

This section describes the internal registers used in this sample task.

» System Control Register 1 (SY SCR1)

Address: H'FFFFFO

Initial Setting
Bit Bit Name Value Value R/W Function
7 SSBY 0 0 R/W Software Standby
Selects the mode to enter after executing the SLEEP
instruction.
0: Sleep mode or sub-sleep mode.
1. Standby mode or watch mode.
3 LSON 0 0 R/W Selects the system clock (¢) or subclock (@sug) as the
CPU operating clock when watch mode is exited.
0: Uses the system clock (¢) as the CPU operating clock.
1: Uses the subclock (gsug) as the CPU operating clock.
2 TMA3 0 0 R/W Selects the mode to enter after executing the SLEEP
instruction in combination with SSBY/LSON in SYSCR1 and
DTON/MSON in SYSCR2.
1 MAL 1 1 R/W Active Mode Clock Select 1, 0
MAO 1 1 R/W Select an operating clock frequency for active (medium-

speed) mode or sleep (medium-speed) mode. These bits
should be modified in active (high-speed) mode or sub-

active mode.
00: ([bsc/s
01: qosc/16
10:  @osc/32
11: ([bsc/64
e System Control Register 2 (SY SCR2) Address; H'FFFFF1
Initial Setting
Bit Bit Name Value Value R/W Function
3 DTON 0 0 R/W Direct Transfer On Flag
Selects the mode to enter after executing the SLEEP
instruction in combination with the SSBY, TMA3, and
LSON bits in SYSCR1 and the MSON bit in SYSCR2.
2 MSON 0 1 R/W Middle Speed On Flag

Selects whether to enter active (high-speed) mode or
active (medium-speed) mode after exiting standby mode,
watch mode, and sleep mode.

0: Active (high-speed) mode.

1: Active (medium-speed) mode.
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» Clock Stop Register 1 (CKSTPR1) Address. H'FFFFFFA
Initial ~ Setting

Bit Bit Name Value Value R/W Function

7 SACKSTP*™*® 1 01 R/W  SCI4 Module Standby
When this bit is cleared to 0, the SCI4 enters the standby
state.

6 S31CKSTP 1 0/1 R/W SCI3_1 Module Standby*2
When this bit is cleared to 0, the SCI3_1 enters the
standby state.

5 S32CKSTP 1 0/1 R/W SCI3_2 Module Standby*2

When this bit is cleared to 0, the SCI3_2 enters the
standby state.
4 ADCKSTP 1 0/1 R/W A/D Converter Module Standby

When this bit is cleared to 0, the A/D converter enters the
standby state.

3 — 1 1/1 R/W Reserved
Readable/writable reserved bit.

2 TFCKSTP 1 0/1 R/W Timer F Module Standby
When this bit is cleared to 0, timer F enters the standby
state.

1  FROMCKSTP*+3 1 1 R/W  Flash Memory Module Standby

When this bit is cleared to 0, the flash memory enters the
standby state. When a flash memory area (H'000000 to
H'0000FF) is accessed while this bit is 0, the RAM
emulation function is enabled and the RAM area
(H'FFFCOO0 to H'FFFCFF) is accessed.

0 RTCCKSTP 1 0/1 R/W RTC Module Standby

When this bit cleared to 0, the RTC enters the standby
state.

Notes: *1. This bit is always read as 1 and cannot be modified in the mask ROM version.
*2. When this bit is set to put the SCI3 module in standby state, all SCI3 registers are reset.
*3. When using the on-chip emulator, be sure to set this bit to 1.
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» Clock Stop Register 2 (CKSTPR2)

Address: H'FFFFFFB

Initial Setting

Bit Bit Name Value Value R/W Function

7 ADBCKSTP 1 0/1 R/W Address Break Module Standby
When this bit is cleared to 0, the address break enters the
standby state.

6 TPUCKSTP 1 1 R/W TPU Module Standby
When this bit is cleared to 0, the TPU enters the standby
state.

5 IICCKSTP 1 0/1 R/W 1IC2 Module Standby
When this bit is cleared to 0, the 1IC2 enters the standby
state.

4 PW2CKSTP 1 0/1 R/W PWM2 Module Standby
When this bit is cleared to 0, the PWM2 enters the
standby state.

3 AECCKSTP 1 0/1 R/W Asynchronous Event Counter Module Standby
When this bit is cleared to 0, the asynchronous event
counter enters the standby state.

2 WDCKSTP 1 0/1 R/W*  Watchdog Timer Module Standby
When this bit is cleared to 0, the watchdog timer enters
the standby state.

1 PWI1CKSTP 1 0/1 R/W PWM1 Module Standby
When this bit is cleared to 0, the PWM1 enters the
standby state.

0 LDCKSTP 1 0/1 R/W LCD Module Standby

When this bit is cleared to 0, the LCD controller/driver
enters the standby state.

Notes: *  WDCKSTP is valid when the WDON bit in TCSRW is 0. When WDCKSTP is set to O while WDON is 1 (WDT
is operating), WDCKSTP is cleared to 0 but the WDT does not enter module standby mode continuing the
watchdog function. At the same time when the WDON bit is set to O by software, the WDCKSTP bit becomes
valid and the WDT enters module standby mode.
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» Clock Stop Register 3 (CKSTPR3)

Address: H'FFFFFFC

Initial Setting

Bit Bit Name Value Value R/W Function

7 S33CKSTP 1 0/1 R/W SCI3_3 Module Standby*
When this bit is cleared to 0, the SCI3_3 enters the
standby state.

6 TCCKSTP 1 0/1 R/W Timer C Module Standby
When this bit is cleared to 0, timer C enters the standby
state.

5 TGCKSTP 1 0/1 R/W Timer G Module Standby
When this bit is cleared to 0, timer G enters the standby
state.

4 PWACKSTP 1 0/1 R/W PWM4 Module Standby
When this bit is cleared to 0, the PWM4 enters the
standby state.

3 PW3CKSTP 1 0/1 R/W PWM3 Module Standby
When this bit is cleared to 0, the PWM3 enters the
standby state.

2 — 0 0 — Reserved

1 — 0 0 — These bits are always read as 0 and cannot be modified.

0 — 0 0 —

Notes: * When this bit is set to put the SCI3 module in standby state, all SCI3 registers are reset.

* Timer Control Register 1 (TCR1)

Address: H'FFFF040

Initial Setting
Bit Bit Name Value Value R/W Function
2 TPSC2 0 1 R/W Timer Prescaler 2to 0
1 TPSC1 0 1 R/W Selects the TCNT counter clock. A clock source can be
0 TPSCO 0 0 R/W selected independently for each channel. For details, see
table 4.
Table4 TPSC2to TPSCO
Bit 2 Bit 1 Bit 0
Channel Tpsc?2 TPSC1 TPSCO Description

1 0

Counts with input of the Internal clock @/1.

Counts with input of the Internal clock @/4.

Counts with input of the Internal clock ¢/16.

Counts with input of the Internal clock @/64.

Counts with input of the external clock input from the TCLKA pin.

Counts with input of the external clock input from the TCLKB pin.

Counts with input of the Internal clock @/256.

RP[(P|IO|IO|FR,|[R|IO|O
R[[O|FP|IO|FR|O|FL|O

T k=1 k=1k=)

Counts the occurrence of TCNT2 overflow.
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» Timer Interrupt Enable Register 1 (TIER1) Address: H'FFF044
Initial Setting
Bit Bit Name Value Value R/W Function
0 TGIEAL 0 0/1 R/W TGRL1 Interrupt Enable A

Enables or disables generation of an interrupt request
(TGIA1) when the TGFA1L bitin TSR1 is set to 1.

0: Disables the interrupt (TGIAL) by the TGFA1 hit.
1: Enables the interrupt (TGIAL) by the TGFAL bit.

e Timer Status Register 1 (TSR1) Address: H'FFF045
Initial Setting
Bit Bit Name Value Value R/W Function
0 TGFAl 0 0/1 R/(W)*  Input Capture/Output Compare Flag Al

Indicates whether an input capture or compare-match of
TGRAL has been generated.

[Setting conditions]

e The TCNT1 value matches TGRA1 while TGRAL is
functioning as an output compare register.

e The TCNT1 value is transferred to TGRAL by the input
capture signal while TGRAL is functioning as an input
capture register.

[Clearing condition]

« Writing O to TGFAL after reading TGFA1 while it is 1.

Note: * Only writing O to clear the flag is enabled.

* Timer Counter 1 (TCNT1) Address: H'FFF046
Initial Setting
Bit Bit Name Value Value R/W Function
15to0 Bit15toBit0O HO0000 — R/W TCNT is a readable/writable counter. Two TCNTs (one for

each channel) are provided.

The TCNT is initialized to H'0000 by a reset or when the
H8/38099 enters hardware standby mode.

Accesses to the TCNT in 8-bit units are prohibited. Be sure to
make accesses to the TCNT in 16-bit units.

e Timer General Register A1 (TGRA1) Address. H'FFF048
Initial Setting
Bit Bit Name Value  Value R/W Function

15to0 Bit15toBit0 HFFFF H'04C5 R/W TGR is a 16-bit readable/writable register for both output
compare and input capture. Four TGR registers (two for each
channel) are provided. The TGR is initialized to H'FFFF by a
reset. Accesses to the TGR in 8-bit units are prohibited. Be
sure to make accesses to the TGR in 16-bit units.
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* Timer Start Register (TSTR) Address: H'FFF0O30
Initial Setting
Bit Bit Name Value Value R/W Function
1 CST1 0 Oorl R/W Counter Start 1

Starts or stops the TCNT operation.
0: Stops the TCNT1 counter operation.
1: Starts the TCNT1 counter operation.

» Timer Mode Register C (TMC) Address: H'FFFFB4
Initial Setting
Bit Bit Name Value Value R/W Function
7 TMC7 0 1 R/W Auto-Reload Function Select

Selects the auto-reload function of timer C.
0: Selects the interval function.
1. Selects the auto-reload function.

6 TMC6 0 0 R/W Counter Up/Down Control

5 TMC5 0 0 R/W Select whether TCC operates as an up-counter or down-
counter, or its up/down operation is controlled by
hardware using the UD pin input.

00: TCC is an up-counter.
01: TCC is a down-counter.
1x: Hardware control using the UD pin input.
High UD pin input level: Down-counter.
Low UD pin input level: Up-counter.
4 — 1 1 — Reserved
This bit is always read as 0 and cannot be modified.
R/W Clock Select

R/W Select a clock to be input to TCC. The rising edge or
RIW falling edge can be selected for an external event input.

R/W x000: Counts by the internal clock ¢/8192.

x001: Counts by the internal clock ¢/2048.

x010: Counts by the internal clock @512.

x011: Counts by the internal clock @/64.

x100: Counts by the internal clock @/16.

0101: Counts by the internal clock @/4.

0110: Counts by the internal clock @x/1024.

1101: Counts by the internal clock @w/256.

1110: Counts by the internal clock @w/4.

0111: Counts falling edges of the external event signal
(T™mIC).*

1111: Counts rising edges of the external event signal
(T™mIC).*

TMC3
TMC2
TMC1
TMCO

O Fr N W
o O O o
O+~ O

Legend:
X: Don't care
Notes: * Be sure to set the TMIC bit in the port mode register E (PMRE) to 1 before setting TMC3 to TMCO to B'x111.
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» Timer Counter C (TCC) Address: H'FFFFB5
Initial Setting
Bit Bit Name Value Value R/W Function
7 TCC7 0 — R TCC is an 8-bit readable up/down counter that is incremented
6 TCC6 0 — R or decremented with input of an internal clock or an external
5 TCC5 0 - R event. The input clock is selected by the TMC3 to TMCO bits
4 TCC4 0 _ R in TMC. The value of TCC can always be read by the CPU.
3 Tces 0 _ R When TCC overflows (H'FF to H'00 or H'FF to TLC value) or
2 TCC? 0 . R underflows (H'00 to H'FF or H'00 to TLC value), IRRTC in
1 TCCL 0 . R |RR2.IS setto 1. o
0 TCco 0 . R TCC is allocated to the same address as TLC and initialized
to H'00 by a reset.
* Timer Load Register C (TLC) Address. H'FFFFB5
Initial Setting
Bit Bit Name Value Value R/W Function
7 TLC7 0 1 w TLC is an 8-bit write-only register used to set a value to be
6 TLC6 0 1 W reloaded to TCC. When a value written to TLC, the value is
5 TLC5 0 1 w also loaded to TCC at the same time, and TCC starts
4 TLC4 0 0 W counting up or down from that value. When TCC overflows or
3 TLC3 0 0 W underflows during auto-reloading operation, the TLC value is
2 TLC2 0 0 W loaded to TCC. This allows TCC to overflow/underflow
1 TLCL 0 0 W periodically within a range from 1 to 256 cycles of the input
clock.
0 TLco 0 0 w TLC is allocated to the same address as TCC and initialized
to H'00 by a reset.
* Interrupt Enable Register 2 (IENR2) Address: H'FFFFF4
Initial Setting
Bit Bit Name Value Value R/W Function
1 IENTC 0 1 R/W Timer C Interrupt Enable
Enables timer C interrupt requests.
* Interrupt Request Register 2 (IRR2) Address: H'FFFFF7
Initial Setting
Bit Bit Name Value Value R/W Function
1 IRRTC 0 0/1 R/W Timer C Interrupt Request Flag

[Setting condition]

* Timer C overflows or underflows
[Clearing condition]

e Writing 0
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» Port Data Register 9 (PDR9) Address: H'FFFFDC
Initial Setting
Bit Bit Name Value Value R/W Function
2 P92 1 0/1* R/W When port 9 is read when the corresponding bit of the PCR9

register is 1, the value of PDR9 is directly read. The pin state
therefore has no effect on reading. When port 9 is read when
PCR9 is 0, the pin state is read.

Note * This bit is toggled every second by the timer C interrupt handling routine.

» Port Control Register 9 (PCR9) Address: H'FFFFEC
Initial Setting
Bit Bit Name Value Value R/W Function
2 PCR92 0 1 w Setting a PCR9 bhit to 1 makes the corresponding pin an

output pin, while clearing the bit to 0 makes the pin an input
pin. The settings in PCR9 and PDRO registers are valid when
the corresponding pin is set as a general I/O pin.

PCR9 is a write-only register. This bit is always read as 1.

¢ Timer Control/Status Register WD1 (TCSRWD1) Address: H'FFFFB1
Initial Setting
Bit Bit Name Value Value R/W Description
7 B6WI 1 1 R/W Bit 6 Write Disable

Writing to bit 6 of this register is enabled only when 0 is
written to this bit. This bit is always read as 1.

6 TCWE 0 0 R/W Timer Counter W Write Enable
Writing to TCWD is enabled when this bit is set to 1. When
writing to this bit, 0 must be written to bit 7.

5 B4WI 1 * R/W Bit 4 Write Disable
Writing to bit 4 of this register is enabled only when 0 is
written to this bit. This bit is always read as 1.

4 TCSRWE 0 * R/W Timer Control/Status Register W Write Enable
Writing to bits 2 and 0 of this register is enabled when this
bit is set to 1. When writing to this bit, 0 must be written to
bit 5.

3 B2wWI 1 * R/W Bit 2 Write Disable
Writing to bit 2 of this register is enabled only when 0 is
written to this bit. This bit is always read as 1.

2 WDON 1 * R/W Watchdog Timer On
Setting this bit to 1 causes TCWD to start counting up.
Clearing it to 0 causes TCWD to stop counting up.
[Clearing condition]
e 0 is written to B2WI and WDON while TCSRWE is 1.
[Setting conditions]

* Aresetis made.
* 0Ois written to B2WI and 1 is written to WDON while
TCSRWE is 1.
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Initial Setting
Bit Bit Name Value Value R/W Description

1 BOWI 1 1

R/W Bit 0 Write Disable

Writing to bit O of this register is enabled only when 0 is
written to this bit. This bit is always read as 1.

0 WRST 0 0

R/W Watchdog Timer Reset
[Clearing conditions]

» Avresetis made with the RES pin.

¢ 0is written to BOWI and WRST while TCSRWE is 1.

[Setting condition]

» TCWD overflows and an internal reset signal is

generated.

Note: * These bits are manipulated so as to stop the watchdog timer. See the flowchart for the main routine.

54  RAM Usage

Table 5 shows the RAM usage in this sample task.

Table5 RAM Usage
Type Label Name

Description

Used In

unsigned char flags

A flag that indicates that two seconds passed in sleep
(medium-speed) mode.

flags = H'00: 2 seconds not passed

flags = H'01: 2 seconds passed

main, tpulint
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6. Flowcharts

6.1 main Function

=

| SP = H'FFFF80 | ------- Initialize the stack pointer.

| set_imask_ccr(1)

TCSRWD1 = H'9E
TCSRWD1=HA2 | ~------- Stop the WDT.
TCSRWD1 = H'8E

flags=H00 | ------- Initialize the RAM area to be used.

PCR9 = H'F4
P92 =1

CKSTPR1 = H'0A
CKSTPR2=H40 | ------- Set the module standby function.

CKSTPR3 = H'00

------- Set the | bit in CCR to 1 to disable interrupts.

------- Configure P92 as an output pin and output a high level.

LSON =0
MSON=1 | _______ Set the mode to enter upon SLEEP instruction execution.
SSBY =0 (Sleep (medium-speed) mode)
DTON=0
| CST1=0 | ------- Stop the TCNT1 counter.
| TCR1=H'06 | ------- Select ¢/256 as the counter clock.
[ ToNT1=Ho00O | ------- Clear TCNT1.
| TGRA1 = H'04C5 | ------- Set the value for compare-match interrupt.
| TGFA1=0 | ------- Clear the TPU compare-match flag.
| TGIEAT = 1 | ------- Enable TPU compare-match interrupt.

set_imask_ccr(0)

------- Clear the | bitin CCR to 0 to enable interrupts.

| CST1=1 | - Start the TCNT1 counter.
| sleep(0) | ------- Go to sleep (medium-speed) mode by executing the SLEEP instruction.
o Two seconds passed in sleep (medium-speed) mode?
= 2 S
flags = H'007 Yes (flags = 07)
No
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6.2 tpulint Function

( tputint

CST1=0
TGFA1 =0
TGIEA1 =0

CKSTPR1 = HFF
CKSTPR2 = HFF
CKSTPR3 = HF8

TMC = H'96

TLC = HEO

IRRTC =0

IENTC =1

flags = 1

( Return

--------- Stop the TCNT1 counter.

--------- Clear the TPU compare-match flag.

--------- Disable TPU compare-match interrupt.

--------- Set the module standby function.

_________ Select the auto-reload function of timer C.
Select ¢/1024 as the clock source.

--------- Set the reload value to H'EO.

--------- Clear the timer C interrupt request flag.

--------- Enable timer C interrupt requests.

--------- Set the "flags" flag.

6.3 tcint Function

( tcint

IRRTC =0

--------- Clear the timer C interrupt request flag.

P92 = P92

--------- Invert the P92 output.

( Return
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7. Link Address Specifications

Section Name Address

Cv1 H'000000
Cv2 H'000074
CvVv3 H'0000D4
P H'000800
B H'FFF380
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Website and Support

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

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

Revision Record

Description
Rev. Date Page Summary
1.00 Mar.15.07 — First edition issued
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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.

© 2007. Renesas Technology Corp., All rights reserved.
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