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H8S/20103, H8S/20203, and H8S/20223 Groups 
Initial Setting for External Oscillation and Release of All Modules from 
Standby Mode 

Introduction 
After an MCU of the H8S/20103, H8S/20203, and H8S/20223 Groups is released from the reset state, the watchdog 
timer (WDT) operates, the base clock source is the low-speed on-chip oscillator (OCO), and the on-chip modules are 
placed on standby. The task covered by this application note stops the WDT, switches to an external oscillator as the 
base clock for the chip, and releases all on-chip modules from the standby state. 

Target Devices 
H8S/20103 (R4F20103) 

H8S/20203 (R4F20203) 

H8S/20223 (R4F20223) 

 

Frequency Used in Confirming Operation 
System clock φ = φosc = 20 MHz 
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1. Specifications 
Specifications of this sample task are given below. Figure 1 shows a state transition diagram for the LSI system’s base 
clock. 

 
(1) Immediately after an MCU of the H8S/20103, H8S/20203, and H8S/20223 Groups is released from the reset state, 

the WDT operates, the base clock source is the low-speed OCO, and the on-chip modules are placed on standby. 
(2) The WDT is released from standby and is halted. 
(3) The base clock is changed from the low-speed OCO to the main oscillator clock. 
(4) All modules are released from standby. 
 

Note: X = Don’t care

Reset state

Operating clock is

the low-speed OCO

PHIBSEL = 0

PHIHSEL = X

PHILSEL = 0 

Release from reset

LSI operation is driven by φlow.

Operating clock is

the main clock oscillator

PHIBSEL = 1

PHIHSEL = 1

PHILSEL = X

LSI operation is driven by φhigh.

 

Figure 1   State Transition Diagram for the LSI System’s Base Clock 
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2. Description of Module Used 

2.1 Clock Pulse Generator 
Blocks of the clock pulse generator are described below. 

 
• The clock pulse generator is comprised of a high-speed on-chip oscillator (OCO), a 1/2 divider for the high-speed 

OCO, the main oscillator, a duty correction circuit, a low-speed OCO, a suboscillator, a clock selection circuit, a 
system clock divider, a PSC divider for peripheral modules, and a φs divider for the bus master and memory. 
Table 1 lists clock source symbols and their meanings used in this application note. 

 
Table 1   Clock Source Symbols 

Symbol Description 
φ40 High-speed OCO output 
φhoco High-speed OCO frequency/2 
φloco Low-speed OCO output 
φosc Main oscillator output clock (duty correction) 
φsub Sub-oscillator output clock 
φhigh High-speed clock (φhoco or φosc) 
φlow Low-speed clock (φloco or φsub) 
φbase System base clock 
φ System operation clock 
φs Bus-master operating clock 
 
• Choice of four clock sources: 

φloco, φsub, φhoco and φosc 
• Choice of two frequencies of the high-speed OCO by the user software: 

40 MHz and 32 MHz 
The signal generated by dividing the above clock by 2 can be used as a φbase and the above clock can be used as 
the clock source for timer RC, timer RD, and timer RG. 

• Trimmable high-speed OCO oscillation frequencies 
Although the high-speed OCO is trimmed to 40 MHz in its initial state, it can also be trimmed to accommodate 
specific user operation conditions. 

• Main oscillation backup function 
By detecting a φosc stop, it is possible to automatically switch the system clock to either φhoco or φlow. 

• Clock switching interrupt function 
When the system clock is switched from φosc to φhoco or φloco, a CPU interrupt can be generated if enabled. 
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Figure 2 shows a block diagram of the clock pulse generation circuit. 

The system base clock (φbase) is the basic clock on which the CPU and on-chip peripheral modules operate. φbase can 
be divided by a value from 1 to 128 in the system clock divider, and the divided clock is supplied as the system clock φ. 
The system clock φ is divided by a value from 2 to 8192 in the PSC divider, and the divided clock can be supplied to 
on-chip peripheral modules. The system clock φ is also divided by a value from 1 to 32 in the φs divider, and the 
divided clock can be supplied to the bus master and memory. 
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Figure 2   Block Diagram of Clock Pulse Generation Circuit 
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2.2 Power-Down Modes 
In addition to normal active mode, this LSI can enter either of the two power-down modes after release from a reset, in 
which power consumption is reduced. As other measures for reduced power consumption, this LSI also has a bus-
master-clock division function for the low-speed operation of bus masters, module standby function which allows the 
selective stopping of on-chip peripheral modules, and a PSC-divider stopping function. Further power consumption is 
possible by selecting the low-speed on-chip oscillator clock φloco, or sub-oscillator clock φsub as the source of the 
system clock φ to operate the LSI at a low speed. 

 
• Active Mode 

The CPU and on-chip peripheral modules are driven by the system clock φ. The system clock frequency can be 
selected from among φbase to φbase/128, where φbase is the system base clock. 

• Sleep Mode 
The CPU is stopped. On-chip peripheral modules are driven by the system clock φ. 

• Standby Mode 
The CPU and all the on-chip peripheral modules are stopped. However, timer RE (TMRE) can operate when the 
realtime clock mode is selected. The watchdog timer (WDT) also operates when the low-speed OCO is selected as 
the WDT clock source. 

• Bus-Master Clock Division Function 
For bus masters CPU and DTC, ROM, and RAM, the operating clock φs can be divided independently of the clock 
supplied to the peripheral modules. The bus master clock φs can be selected from among φ to φ/32. 

• PSC Divider Stop Function 
The PSC divider can be stopped through software setting. Specifically, the peripheral modules using φ/2 to φ/8192 
are stopped (register values are retained), whereas the ones using φ remain operating. 

• Module Standby Function 
Power consumption can be reduced by halting individual on-chip peripheral modules that are not in use. 
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2.3 Watchdog Timer (WDT) 
The watchdog timer (WDT) is an 8-bit timer that can generate an internal reset signal for this LSI if a system crash 
prevents the CPU from writing to the timer counter, thus allowing it to overflow. The block diagram of the watchdog 
timer is shown in figure 3. 
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Figure 3   Block Diagram of Watchdog Timer 

 
• Selectable from fifteen clock sources 

Eight clocks generated by dividing φ: φ/64, φ/128, φ/256, φ/512, φ/1024, φ/2048, φ/4096, and φ/8192 
Five clocks generated by dividing low-speed OCO clock: φloco/8, φloco/32, φloco/128, φloco/512, and φloco/1024 
Two clocks generated by dividing subclock: φsub/4 and φsub/256 
When the low-speed OCO clock or subclock is selected, the WDT operates as the watchdog timer in any operating 
mode. 

• Reset signal generated on counter overflow 
An overflow period of 1 to 256 times the selected clock can be set. 

• The watchdog timer is enabled in the initial state. 
The watchdog timer starts operating after a reset is released. 

• Periodic timer function 
The timer counter can also be used as a periodic timer. Interrupts can be generated with a specific count value. 
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3. Principle of Operation 
Figure 4 shows the principle of operation in this sample task. Initial settings to select the external oscillator and release 
all modules from standby mode are made by means of hardware and software processing as shown in figure 4. 

 

[Legend]

SELφloco : Signal to select φloco

SELφosc : Signal to select φosc

φloco

(a) WDT is halted.

(b) Oscillation of φosc starts.

(c) Operation of the LSI stops.

(a) Setting to release the WDT

 from standby and halt the

 WDT

(b) Setting for oscillation settling

 time of φosc

(c) The PJ1 and PJ0 pins are 

 specified as oscillation pins.

(d) Setting to change φhigh from

 φhoco to φosc

(e) Setting to change φbase from

 φlow to φhigh

Software processing

(a) φhigh is changed to φosc.

(b) φbase is changed to φosc so  

 the LSI is driven by φosc.

(c) All modules are released from  

     standby and supplied with the  

     clock signal.

(a) Setting to select φbase as the 

 system clock signal

(b) Setting to select φbase as the 

     bus-master clock

(c) Setting to release all modules

 from standby

Software processing

φosc

SELφloco

SELφosc

φbase 

Driven by φloco. Waits until oscillation becomes stable. Driven by φosc.

Hardware processing Hardware processing

 

Figure 4   Principle of Operation in This Sample Task 
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4. Description of Software 

4.1 Descriptions of Functions 
The functions are listed and described in table 2. 

 
Table 2   Descriptions of Functions 

Function Name Label Name Description 
Main routine main Calls other functions. 
System initialization routine h8s_sysinit Makes settings for module standby, system clock and 

bus-master operating clock, and halts the WDT. 
 
 

4.2 Description of Argument 
No arguments are used in this sample task. 
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4.3 Description of Internal Registers 
Table 3 gives descriptions of how internal registers are used in this sample task. 

 
Table 3   Description of Internal Registers 

Register 
Name Symbol Description Address Setting 
PMRJ PMRJ[1:0] The OSC1 and OSC2 functions are selected 

for pins PJ0/OSC1 and PJ1/OSC2. 
H'FF000C B'11 

SYSCCR PHIHSEL φhigh clock source is set to φosc. H'FF06D0 1 
PSCSTP PSC divider is operating. 0 LPCR1 
PHIBSEL φbase clock source is set to φhigh. 

H'FF06D1 
1 

LPCR2 PHI[2:0] System clock φ is set to φbase. H'FF06D2 B'000 
LPCR3 PHIS[2:0] Bus-master operating clock φs is set to φ. H'FF06D3 B'000 
OSCCSR  φosc oscillation settling time is set. H'FF06D5 H'0E 
TMWD  Clock input to the WDT is prohibited. H'FFFF99 H'F7 
TCSRWD  Writing to the TMWD register is enabled. H'FFFF9A H'A3 

MSTWDT Watchdog timer module standby is released. 0 
MSTAD1 A/D converter unit 1 module standby is 

released. 
0 

MSTAD2*1 A/D converter unit 2 module standby is 
released 

0 

MSTDA D/A converter module standby is released. 0 

MSTCR1 

MSTDTC DTC module standby is released. 

H'FFFFDC 

0 
MSTSCI3_1 SCI3 channel 1 module standby is released. 0 
MSTSCI3_2 SCI3 channel 2 module standby is released. 0 
MSTSCI3_3 SCI3 channel 3 module standby is released. 0 

MSTCR2 

MSTICSU IIC2/SSU module standby is released. 

H'FFFFDD 

0 
MSTTMRA Timer RA module standby is released. 0 
MSTTMRB Timer RB module standby is released. 0 
MSTTMRC*2 Timer RC module standby is released. 0 
MSTTMRD1 Timer RD unit 0 module standby is released. 0 
MSTTMRD2*3 Timer RD unit 1 module standby is released. 0 
MSTTMRG Timer RG module standby is released. 0 

MSTCR3 

MSTTMRE Timer RE module standby is released. 

H'FFFFDE 

0 
Notes: 1. A/D converter unit 2 is not available on the H8S/20103 and H8S/20203 Groups; this bit is reserved 

on these devices. For a write-access, write 1 to this bit. 
 2. Timer RC is not available on the H8S/20203 and H8S/20223 Groups; this bit is reserved on these 

devices. For a write-access, write 1 to this bit. 
 3. Timer RD unit 1 is not available on the H8S/20103 Group; this bit is reserved on the device. For a 

write-access, write 1 to this bit. 
 

4.4 RAM Usage 
No RAM is used in this sample task. 
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5. Flowcharts 

5.1 Main Routine 

main

Set the I bit to 1 to disable

interrupts.

h8s_sysinit()
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5.2 System Initialization Routine 

Set the MSTWDT bit in MSTCR1

to 0.

Set the B4WI and TCSRWE bits in

TCSRWD to 0 and 1, respectively.

Set the TMWLOCK and TMWI bits

in TCSRWD to 0.

Set CKS[3:0] in TMWD to B'0111*.

Set the φosc settling time in

the active bits of OSCCSR.

The WDT is released from module standby mode.

Writing to the TMWLOCK and TMWI bits in TCSRWD

is enabled.

Writing to TMWD is enabled.

Value to disable clock input to the WDT module

(halts the WDT).

Writing the bit-wise inverse of the value set in * above

makes the value set in * effective.

Set the bits so that the waiting time will be at least 6.5 ms

given the frequency of the oscillator.

h8s_sysinit

Set CKS[3:0] in TMWD to B'1000.

Set the B4WI and TCSRWE bits

in TCSRWD to 0.

Writing to the TMWLOCK and TMWI bits in TCSRWD

is enabled.

Set PMRJ[1:0] to B'11.
The OSC1 and OSC2 functions are selected for

pins PJ0/OSC1 and PJ1/OSC2.

1

Set the WI and WE bits in

SYSCCR to 0 and 1, respectively.

Set the PHIHSEL bit in SYSCCR

to 1.

Writing to bits 5, 4, 2, and 1 in SYSCCR is enabled.

φosc is selected as the φhigh clock source.

Set the WI and WE bits in

SYSCCR to 0.
Writing to bits 5, 4, 2, and 1 in SYSCCR is disabled.
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Set the WI and WE bits in LPCR1

to 0 and 1, respectively.

Set the PSCSTP and PHIBSEL bits

in LPCR1 to 0 and 1, respectively.

Writing to bits 5 to 2, and 0 in LPCR1

is enabled.

φhigh is selected as the clock source for

φbase and for operation of the PSC driver.

Set the WI and WE bits in LPCR1

to 0.
Writing to bits 5 to 2, and 0 in LPCR1

is disabled.

1

Set the WI and WE bits in LPCR2

to 0 and 1, respectively.

Set PHI[2:0] in LPCR2 to B'000.

Writing to bits 2 to 0 in LPCR2 is enabled.

φbase is selected as the system clock (φ).

Set the WI and WE bits in LPCR2

to 0.
Writing to bits 2 to 0 in LPCR2 is disabled.

Set the WI and WE bits in LPCR3

to 0 and 1, respectively.

Set PHIS[2:0] in LPCR3 to B'000.

Writing to bits 2 to 0 in LPCR3 is enabled.

φ is selected as the bus-master operating clock φs.

Set the WI and WE bits in LPCR3

to 0. Writing to bits 2 to 0 in LPCR3 is disabled.

2
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2

Set the MSTAD1, MSTAD2*1,

MSTDA, and MSTDTC bits in

MSTCR1 to 0. 

For the MSTAD2 bit, see note 1.

Set the MSTSCI3_1, MSTSCI3_2,

MSTSCI3_3 , and MSTICSU bits

in MSTCR2 to 0.

A/D converter unit 1, A/D converter unit 2*1, 

D/A converter, and DTC module are released

from standby.

Note: 1. A/D converter unit 2 is not incorporated in

  devices of the H8S/20103 and H8S/20203  

                 Groups, so this bit is reserved on these devices. 

  In write-access, write 1 to this bit.

The SCI3_1, SCI3_2, SCI3_3, and IIC2/SSU modules

are released from standby.

Set the MSTTMRA, MSTTMRB,

MSTTMRC*2, MSTTMRD1,

MSTTMRD2*3, and MSTTMRG

bits in MSTCR3 to 0.

For the MSTTMRC bit, see note 2.

For the MSTTMRD2 bit, see note3.

The Timer RA, Timer RB, Timer RC*2, Timer RD0,

Timer RD1*3, and Timer RG modules are released

from standby.

Notes: 2. Timer RC is not incorporated in devices  

                 of the H8S/20203 and H8S/20223 Groups,  

                 so this bit is reserved on these devices.  

                 In write-access, write 1 to this bit.

 3. Timer RD unit 1 is not incorporated in devices of 

  the H8S/20103 Group, so this bit is reserved on 

  this device.

  In write-access, write 1 to this bit.

return
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6. Program Listing 
/*********************************************************************************/ 

/* H8S/2000 Tiny Series -H8S/20203-               */ 

/* Application Note                   */ 

/*                        */ 

/* System initialize                   */ 

/*                        */ 

/* Function: System initialize                */ 

/* (Watch Dog Timer) active -> stop               */ 

/* (System base clock) Phi_loco -> Phi_osc             */ 

/* (Module Standby) standby -> active              */ 

/*                        */ 

/* External Clock: 20MHz                  */ 

/* Internal Clock: 20MHz                  */ 

/*********************************************************************************/ 

#include <machine.h> 

#include "iodefine.h" 

 

/**********************************************************/ 

/* Declaration of function prototype        */ 

/**********************************************************/ 

void main(void); 

void h8s_sysinit(void); 

 

/**********************************************************/ 

/* Name   : main            */ 

/* Parameters : None            */ 

/* Returns  : None            */ 

/* Description : User main          */ 

/**********************************************************/ 

void main(void) 

{ 

  set_ccr(0x80); /* set CCR-Ibit */ 

 

  h8s_sysinit(); /* initialize system */ 

 

  while(1); 

 

} 
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/***********************************************************/ 

/* Name   : h8s_sysinit           */ 

/* Parameters : None             */ 

/* Returns  : None             */ 

/* Description : initialize H8S/20203        */ 

/**********************************************************/ 

void h8s_sysinit(void) 

{ 

  MSTCR1.BIT.MSTWDT = 0;          /* WDT module standby off */ 

 

/* stop WDT */ 

  WDT.TCSRWD.BYTE = 0x97;          /* write enable TMWLOCK, TMWI */ 

  WDT.TCSRWD.BYTE = 0xA3;          /* write enable TMWD */ 

  WDT.TMWD.BYTE = 0xF7;           /* Not select clock source */ 

  WDT.TMWD.BYTE = 0xF8;           /* write bit inversion */ 

  WDT.TCSRWD.BYTE = 0x87;          /* write disable TMWLOCK, TMWI */ 

 

  CPG.OSCCSR.BYTE = 0x0E;          /* wait over 6.5ms, Phi_osc=20MHz */ 

  PMRJ.BYTE = 0x03;            /* select OSC1,OSC2 */ 

 

  CPG.SYSCCR.BYTE = (CPG.SYSCCR.BYTE & 0x7F)| 0x40;   /* WI=0, WE=1 */ 

  CPG.SYSCCR.BYTE = 0x60;          /* high=Phi_osc, Phi_low=Phi_loco */ 

  CPG.SYSCCR.BYTE = CPG.SYSCCR.BYTE & 0x3F;     /* WI=0, WE=0 */ 

 

  CPG.LPCR1.BYTE = (CPG.LPCR1.BYTE & 0x7F) | 0x40;    /* WI=0, WE=1 */ 

  CPG.LPCR1.BYTE = 0x41;          /* PSC on, Phi_base=Phi_high */ 

  CPG.LPCR1.BYTE = CPG.LPCR1.BYTE & 0x3F;      /* WI=0, WE=0 */ 

 

  CPG.LPCR2.BYTE = (CPG.LPCR2.BYTE & 0x7F) | 0x40;    /* WI=0, WE=1 */ 

  CPG.LPCR2.BYTE = 0x40;          /* select system clock=Phi_base */ 

  CPG.LPCR2.BYTE = CPG.LPCR2.BYTE & 0x3F;      /* WI=0, WE=0 */ 

 

  CPG.LPCR3.BYTE = (CPG.LPCR3.BYTE & 0x7F) | 0x40;    /* WI=0, WE=1 */ 

  CPG.LPCR3.BYTE = 0x40;          /* select clock of bus master=Phi_base */ 

  CPG.LPCR3.BYTE = CPG.LPCR3.BYTE & 0x3F;      /* WI=0, WE=0 */ 

 

  /* all module standby off */ 

  MSTCR1.BYTE = 0x53; 

  MSTCR2.BYTE = 0x1B; 

  MSTCR3.BYTE = 0x22; 

} 

 

 

6.1 Designation of Link Addresses 
Section Name Address 
PResetPRG, PIntPRG H'000400 
P, C$DSEC, C$BSEC, D H'000800 
B, R H'FFDF80 
S H'FFFD80 
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Website and Support 
Renesas Technology Website 

http://www.renesas.com/ 
 
Inquiries 

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

Notes regarding these materials

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