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 APPLICATION NOTE 

H8/300L SLP Series 
Control of a Brushed Motor 

Introduction 
A brushed DC motor is controlled by using the 10-bit PWM function of the H8/38024. Each time the IRQ1 switch is 
pressed, the motor operation changes in the following sequence: stop → 75% output rotation → 87.3% output rotation 
→ 100% output rotation → 87.3% output rotation → 75% output rotation → stop. 

Target Device 
H8/38024 
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1. Specifications 
1. A brushed DC motor is controlled by using the 10-bit PWM function of the H8/38024. 
2. In this sample task, the motor operation changes in the following sequence each time the IRQ1 switch is pressed: 

stop → 75% output rotation → 87.3% output rotation → 100% output rotation → 87.3% output rotation → 75% 
output rotation → stop. 

3. Figure 1.1 illustrates how to connect a brushed DC motor to be controlled. 

H8/38024

PWM1

IRQ1

M

 

Figure 1.1   Configuration for Sample Task 
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2. Concepts 
1. Example of brushed DC motor operation 

Figure 2.1 shows an example of speed control of the brushed DC motor by PWM waveforms.  The following gives 
an operation overview. 
A. If the duty cycle has changed, the transistor's on/off interval also changes, resulting in changes in the average 

current supplied to the motor and, thus, in the motor's rpm. 
B. If the duty cycle of the PWM waveform is 75%, the motor runs at 75% of full RPM output. 
C. If the duty cycle of the PWM waveform is 87.5%, the motor runs at 87.5% of full RPM output. 
D. If the duty cycle of the PWM waveform is 100%, the motor runs at 100% full RPM output. 

75% duty cycle: 
The motor runs at 75% output.

87.5% duty cycle: 
The motor runs at 87.5% output.

100% duty cycle: 
The motor runs at 100% output.

 

Figure 2.1   Example of Brushed DC Motor Operation 
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3. Description of Functions 
1. The sample task uses a brushed DC motor (FA-130 manufactured by Mabuchi Motor Co., Ltd.) for use in a model.  

Table 3.1 lists its specifications. 
 
Table 3.1 FA-130 Specifications 

Item Value 
Type FA-130 
Limit voltage [V] 1.5 to 3.0 
Recommended voltage [V] 1.5 
Recommended load [g⋅cm] 5.4 
RPM under no load [rpm] 8500 
RPM under recommended load [rpm] 5900 
Current consumption under recommended load [mA] 640 
 
2. The following explains the H8/38024's functions used to control the brushed DC motor.  Figure 3.1 shows the block 

diagram of the functions involved in this sample task. 

H8/38024 functions used

IRQ1 interrupt

IRQ1 interrupt

IRQ1

CPU

Sets the high-level width of the PWM pulse
to PWDRU1 and PWDRL1.

PWM1 output pin

PWM waveform output

PWM1

 

Figure 3.1   H8/38024 Functions Used 

3. This section describes the functions of the PWM1. 
A. Figure 3.2 shows the block diagram of the 10-bit PWM function.  The following explains the block diagram of 

this function. 
• The system clock (φ), which is rated at 5 MHz, is used as a reference clock to operate the CPU and its 

peripheral functions. 
• The PWM1 control register (PWCR1) is an eight-bit write-only register that selects an input clock. 
• A pulse-division method is used to reduce ripples. 
• The PWM1 data registers U and L (PWDRU1 and PWDRL1) are 10-bit write-only registers.  The upper two 

bits provide PWDRU1, while the lower eight bits provide PWDRL1.  The contents written to PWDRU1 and 
PWDRL1 correspond to the total of high level width over one PWM waveform cycle.  Writing 10-bit data to 
PWDRU1 and PWDRL1 moves their contents to the PWM waveform generator, and updates the data for 
PWM waveform generation.  To set 10-bit data, the lower eight bits must be written to PWDRL1 first, and 
then the upper two bits to PWDRU1. 

• The port mode register 9 (PMR9) is an eight-bit readable/writable register that controls selection of the pin 
functions of port 9.  Use the P90/PWM1 pin function select bit (PWM1), PMR9's bit 0, to set the 
P90/PWM1 pin as the PWM1 output pin. 

• The PWM1 output pin (PWM1) outputs a PWM waveform based on the pulse division method. 
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10-Bit PWM Function

Selector

Conversion period setting

Prescaler S (PSS)

PWM1 control register
(PWCR1)

PWM1 output pin

PWM1

Setting of output waveform data 

PWM1 data register L
(PWDRL1)

PWM1 data register U
(PWDRU1)

Lower eight bits of output
waveform data

Upper two bits of output
waveform data

System clock
 (φ = 5 MHz)

φ/8, φ/4, φ/2, φ

Setting of PWM
 input clock  hig

φ

 

Figure 3.2   Block Diagram of PWM1 

4. Table 3.2 lists the functions assigned for the sample task.  With these function assignments, control of a brushed DC 
motor by PWM waveform is implemented.  

 

Table 3.2 Function Assignments 

Function Function Allocation 
PSS 13-bit up-counter that uses the system clock (5 MHz) as input 
PWCR1 Selects a clock supplied to the 10-bit PWM. 
PWDRU1 Sets the upper two bits of PWM output waveform data. 
PWDRL1 Sets the lower eight bits of PWM output waveform data. 
PWM1 PWM1 waveform output pin 
IEGR Enables an IRQ1 pin interrupt request. 
IENR1 Selects the edge of IRQ1 pin input. 
IRR1 Indicates the presence or absence of an IRQ1 interrupt. 
IRQ1 Motor rotation speed selector 
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4. Principle of Operation 
1. Figure 4.1 is the flowchart for brushed DC motor control. 

Power on

The DC motor stops.

OFF

ON

IRQ1
IRQ1
ON

The DC motor runs at 75% output. 

OFF

ON

IRQ1
IRQ1
ON

The DC motor runs at 87.5% output.  

OFF

ON

IRQ1
IRQ1
ON

The DC motor runs at 100% output. 

OFF

ON

IRQ1
IRQ1
ON

The DC motor runs at 87.5% output. 

OFF

ON

IRQ1
IRQ1
ON

The DC motor runs at 75% output. 

OFF

ON

IRQ1
IRQ1
ON

 

Figure 4.1   Flowchart for Brushed DC Motor Control 
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2. Motor output and PWM waveforms 

10 µs

25.6 µs

The motor stops.

 

Figure 4.2   PWM Waveform for Stop 
 

19.2 µs

25.6 µs

75% duty cycle: 
The motor runs at 75% output.

 

Figure 4.3   PWM Waveform for 75% Output 
 

22.4 µs

25.6 µs

87.5% duty cycle: 
The motor runs at 87.5% output.

 

Figure 4.4   PWM Waveform for 87.5% Output 
 

100% duty cycle: 
The motor runs at 100% output.

 

Figure 4.5   PWM Waveform for 100% Output 
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5. Description of Software 

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

Module Label Function 
Main routine main Sets global variables and PWM1, and enables the interrupt. 
IRQ1 interrupt 
processing 

irq1int Routine to set a duty cycle for PWM1.  Changes the speed of rotation 
according to the number of IRQ1 interrupts. 

 

5.2 Arguments 
The sample task uses no arguments. 
 

5.3 Internal Registers 
Table 5.2 lists the internal registers used for the sample task. 
 
Table 5.2 Description of Internal Registers 

Register Function Address Setting 
PWCR1 PWCR10 

PWCR11 
PWM1 control register (clock selection 1 and 0) 
When PWCR10 = 0 and PWCR11 = 0, sets the clock 
supplied to the 10-bit PWM as φ. 

0xFFD0 
Bit 1 
Bit 0 

PWCR10 = 0
PWCR11 = 0

PWDRU1 PWM1 data register U 
Sets the upper two bits of PWM output waveform data. 

0xFFD1 0x00 

PWDRL1 PWM1 data register L 
Sets the lower eight bits of PWM output waveform data. 

0xFFD2 0x00 

PMR9 PWM1 Port mode register 9 (P90/PWM1 pin function selection) 
When PWM1 = 0, sets the P90/PWM1 pin for the P90 output 
pin function. 
When PWM1 = 1, sets the P90/PWM1 pin for the PWM1 
output pin function. 

0xFFEC 
Bit 0 

1 

PMRB IRQ1 Port mode register B (PB3/AN3/IRQ1 pin function selection) 
When IRQ1 = 0, functions as the PB3/AN3 input pin. 
When IRQ1 = 1, functions as the IRQ1/TMIC input pin. 

0xFFEE 
Bit 3 

1 

IEGR IEG1 IRQ edge select register (IRQ1 edge selection) 
When IEG1 = 0, selects the falling edge detection for the 
IRQ1 pin input. 
When IEG1 = 1, selects the rising edge detection for the 
IRQ1 pin input. 

0xFFF2 
Bit 1 

1 

IENR1 IEN1 Interrupt enable register 1 (IRQ1 interrupt enable) 
When IEN1 = 0, disables the IRQ1 pin interrupt request. 
When IEN1 = 1, enables the  IRQ1 pin interrupt request. 

0xFFF3 
Bit 1 

1 

IRR1 IRRI1 Interrupt request register 1 (IRQ1 interrupt request flag) 
When IRRI1 = 0, an IRQ1 pin interrupt has not been 
requested. 
When IRRI1 = 1, an IRQ1 pin interrupt has been requested. 

0xFFF6 
Bit 1 

0 
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5.4 Description of RAM 
Table 5.3 lists the RAM used for the sample task. 
 
Table 5.3 Description of RAM 

Label Function Address Used in 
nextmode Changes the duty cycle for PWM1 to obtain appropriate 

motor rpm. 
char/1 byte main, irq1int 

 

REJ06B0294-0100Z/Rev.1.00 December 2003 Page 9 of 16 



H8/300L SLP Series 
Control of a Brushed Motor 

6. Flowchart 
1. Main routine 

Main

Note:   *   In this sample task, the stack pointer is set in INIT.SRC (assembly language).

I = 1
Disables the interrupt. 

PWDRL1 = 0, PWDRU1 = 0
Sets the high-level width for one 
cycle of PWM1 pulse at 0 to stop 
the motor.

PWM1 = 1
Sets the P90/PWM1 pin as 
the PWM1 output pin. 

PWCR1 = 0xFC
Sets the input clock for PWM1 to φ. 

IEG1 = 1
Selects rising edge detection 
for the IRQ1 pin input.        

IRRI1 = 0
Clears the IRQ1 interrupt request 
flag.

IEN1 = 1
Enables IRQ1 interrupt requests.

IRQ1 = 1
Sets the PB0/IRQ1 pin as the IRQ1
input pin.

nextmode = 0
Clears the operating mode flag
for the DC motor. 

I = 0
Enables the interrupt.

*
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2. IRQ1 interrupt 

irq1int

End

IRRI1 = 0
Clears the interrupt request flag.

PWDRL1 = 0x00,
PWDRU1 = 0x03
The motor runs 
at 75% output.

PWDRL1 = 0x00,
PWDRU1 = 0x00
The motor stops.

PWDRL1 = 0xFF,
PWDRU1 = 0x03
The motor runs 
at 100% output.

PWDRL1 = 0x80,
PWDRU1 = 0x03
The motor runs 
at 87.5% output.

= 1, 5= 0 = 3= 2, 4

nextmode ++ nextmode = 0

nextmode < 5 

nextmode?
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7. Program Listing 
INIT.SRC (Program list) 

 .export _INIT 

 .import _main 

; 

 .section P,CODE 

_INIT: 

 mov.w #h'ff80,r7 

 ldc.b #b'10000000,ccr 

 jmp @_main 

; 

 .end 

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

/*                                                                                                           */ 

/*  H8/300L Super Low Power Series                                                                           */ 

/*      -H8/38024 Series-                                                                                    */ 

/*  Application Note                                                                                         */ 

/*                                                                                                           */ 

/*  'DC Motor Function'                                                                                      */ 

/*                                                                                                           */ 

/*  Function                                                                                                 */ 

/*  : 10bit PWM                                                                                              */ 

/*                                                                                                           */ 

/*  External Clock : 10MHz                                                                                   */ 

/*  Internal Clock : 5MHz                                                                                    */ 

/*  Sub Clock      : 32.768kHz                                                                               */ 

/*                                                                                                           */ 

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

 

#include    <machine.h> 

 

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

/*  Symbol Definition                                                                                        */ 

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

struct BIT { 

    unsigned char   b7:1;       /* bit7 */ 

    unsigned char   b6:1;       /* bit6 */ 

    unsigned char   b5:1;       /* bit5 */ 

    unsigned char   b4:1;       /* bit4 */ 

    unsigned char   b3:1;       /* bit3 */ 

    unsigned char   b2:1;       /* bit2 */ 

    unsigned char   b1:1;       /* bit1 */ 

    unsigned char   b0:1;       /* bit0 */ 

}; 

 

#define     PWCR1       *(volatile unsigned char *)0xFFD0        /* PWM Control Register                     */ 

#define     PWDRU1      *(volatile unsigned char *)0xFFD1        /* PWM Data Register U                      */ 

#define     PWDRL1      *(volatile unsigned char *)0xFFD2        /* PWM Data Register L                      */ 

#define     PMR9_BIT    (*(struct BIT *)0xFFEC)                  /* Port Mode Register 9                     */ 

#define     PWM1        PMR9_BIT.b0                              /* P90/PWM1 pin function switches           */ 

#define     IEGR1_BIT   (*(struct BIT *)0xFFF2)                  /* Interrupt Edge Select Register 1         */ 

#define     IEG1        IEGR1_BIT.b1                             /* IEG1 Edge Select                         */ 

#define     IENR1_BIT   (*(struct BIT *)0xFFF3)                  /* Interrupt Enable Register 1              */ 

#define     IEN1        IENR1_BIT.b1                             /* IEN1 Interrupt Enable                    */ 

#define     IRR1_BIT    (*(struct BIT *)0xFFF6)                  /* Interrupt Request Register 1             */ 

#define     IRRI1       IRR1_BIT.b1                              /* IRRI1 Interrupt Request Register         */ 
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#define     PMRB_BIT    (*(struct BIT *)0xFFEE)                  /* Port mode register B                      */ 

#define     IRQ1        PMRB_BIT.b3                              /* PB3/AN3/IRQ1 pin function switch          */ 

 

#pragma interrupt   (irq1int) 

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

/*  Function define                                                                                          */ 

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

extern void INIT( void );                                        /* SP Set                                   */ 

void main( void ); 

void irq1int( void ); 

 

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

/*  RAM define                                                                                               */ 

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

unsigned int    nextmode;                                        /* Motor mode counter                       */ 

 

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

/*  Vector Address                                                                                           */ 

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

#pragma section     V1                                           /* Vector Section Set                       */ 

void (*const VEC_TBL1[])(void) = {                               /* 0x0000 - 0x000F                          */ 

    INIT                                                         /* 0x0000 Reset Vector                      */ 

}; 

#pragma section     V2                                           /* Vector Section Set                       */ 

void (*const VEC_TBL2[])(void) = { 

    irq1int                                                      /* 0x000A IRQ1  Interrupt Vector            */ 

}; 

 

#pragma section                                                  /* P                                        */ 

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

/*  Main Program                                                                                             */ 

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

void main( void ) 

{ 

    unsigned char   pwmu_data,pwml_data; 

    unsigned char   tmp; 

 

    set_imask_ccr(1);                                            /* Interrupt Disable                        */ 

 

    PWDRL1 = 0x00;                                               /* Set PWM Output Pulse Data Higher         */ 

    PWDRU1 = 0x00;                                               /* Set PWM Output Pulse Data Lower          */ 

    PWM1 = 1;                                                    /* Pin function Select PWM1                 */ 

    PWCR1 = 0xFC;                                                /* Initialize PWM Input Clock               */ 

 

    IEG1 = 1;                                                    /* Rising edge of IRQ1                      */ 

    IRRI1 = 0;                                                   /* Initialize IRRI1                         */ 

    IEN1 = 1;                                                    /* IRQ1 Interrupt Request Enable            */ 

    IRQ1 = 1;                                                    /* Pin function Select IRQ1                 */ 

 

    nextmode = 0;                                                /* Motor mode counter Clear                 */ 

    set_imask_ccr(0);                                            /* Interrupt Disable                        */ 

 

    while(1); 

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

/*  IRQ1 Interrupt                                                                                           */ 

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

void irq1int( void ) 

{ 

    unsigned char tmp; 

 

    IRRI1 = 0;                                                   /* Clear IRRI0                              */ 

 

    if(nextmode < 5)                                             /* Motor Mode count over 5?                 */ 

        nextmode++;                                              /* Next mode                                */ 

    else 

        nextmode = 0;                                            /* Mode Clear                               */ 

 

    switch(nextmode){                                            /* What Motor Mode?                         */ 

        case 0: 

            PWDRL1 = 0x00;                                       /* Set PWDRU1, PWDRL1                       */ 

            PWDRU1 = 0x00;                                       /* DC Motor Stop                            */ 

            break; 

 

        case 1: 

        case 5: 

            PWDRL1 = 0x00;                                       /* Set PWDRU1, PWDRL1                       */ 

            PWDRU1 = 0x03;                                       /* DC Motor 75%Power revolution             */ 

            break; 

 

        case 2: 

        case 4: 

            PWDRL1 = 0x80;                                       /* Set PWDRU1, PWDRL1                       */ 

            PWDRU1 = 0x03;                                       /* DC Motor 87.5%Power revolution           */ 

            break; 

 

        case 3: 

            PWDRL1 = 0xFF;                                       /* Set PWDRU1, PWDRL1                       */ 

            PWDRU1 = 0x03;                                       /* DC Motor Full Power revolution           */ 

            break; 

    } 

} 

 
 

Link address specifications 

Section Name Address 
CV1 
CV2 
P, C 
B 

0x0000 
0x000A 
0x0100 
0xFB80 
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1. Renesas Technology Corp. puts the maximum effort into making semiconductor products better and 
more reliable, but there is always the possibility that trouble may occur with them. Trouble with 
semiconductors may lead to personal injury, fire or property damage. 
Remember to give due consideration to safety when making your circuit designs, with appropriate 
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or 
(iii) prevention against any malfunction or mishap.

Keep safety first in your circuit designs! 

Notes regarding these materials
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