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 APPLICATION NOTE

M32C/83, M32C/85 Groups 
Intelligent I/O - Stepping Motor Control Function 

 

1. Abstract 

This application note describes the stepping motor control that uses waveform generating function of 
M32C/83 group’s intelligent I/O group 2 and M32C/85 group’s intelligent I/O. 

2. Introduction 

This application note is applied to the following condition: 
Applicable MCU: M32C/83 Group, M32C/85 Group 
 
The program on this application note can also be used when operating other microcomputers within the 
M16C Family, provided they have the same SFRs (Special Function Registers) as the M32C/83 and M32C/85 
groups. However, some functions may have been modified. Refer to each device’s hardware manual for details. 
Use functions covered in this application note only after careful evaluation. 
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3. Detailed Description 

3.1 Control of Stepping Motors 

A stepping motor is a type of electro magnetic motor which rotates in set steps decided by inputting pulses. It 
does not rotate as DC motor just by connecting to a power source. Figure 1 illustrates the cross section of a 
2-phase unipolar stepping motor.  
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A

+DCB B

 
 
 
 
 
 
 
 
 
 
 

Figure 1. Unipolar Stepping Motor 
Energizing each winding, A, A

___

, B, and B
___

 in set sequence will spin a stepping motor. There are several 
methods to energize windings. 

3.2 Excitation System 

3.2.1 One Phase excitation 

This system will constantly allow a stepping motor to energize one phase. A stepping motor with one phase 
excitation results in jerky movements of the motor because of the low output torque and less dumping effect 
although one phase excitation stepping motor requires little power consumption to operate. 
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Figure 2. One Phase Excitation 
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3.2.2 Two-phase Excitation 

This system will constantly allow a stepping motor to energize two phases. A stepping motor with two phase 
excitation is more commonly used because output torque is higher and dumping effect is bigger than that of a 
motor with one phase excitation. However, it requires power consumption twice as much as one phase 
excitation stepping motor. 
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Figure 3. Two Phase Excitation 

3.2.3 One-Two Phase Excitation 

By combining one phase excitation and two phase excitation, this system allow a stepping motor to rotate one 
half of a full step angle for one excitation. The system is known as a half step drive. This drive mode improves 
system performance by diminishing dumping effect and resonances. 
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Figure 4. One-Two Phase Excitation 
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3.3 Microstepping Control 

Microstepping reduces the bumpy movements of stepping motor operation, especially at lower speed. It can 
smooth the transitions between steps, comparing to standard rectangular wave control. 

A

B

A
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Figure 5. Microstepping Control (one-two excitation)) 

3.4 Waveform Generation Function 

Stepping motor microstepping function of intelligent I/O is described in this application note. Figure 6 shows 
an example of a stepping motor connection with M32C/83. The intelligent I/O group 2 is used for the example. 
3.5 Microstepping Control Setting shows register settings in group 2.  

OUTC21

OUTC22

OUTC23

OUTC24

12V

driver stepping motor

M32C/83

 
Figure 6. M32C/83 with Stepping Motor 
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3.4.1 Carrier Frequency 

Carrier frequency is the fundamental frequency used in pulse-width modulation (PWM). The PWM duty cycle 
modulates based on the carrier frequency.  
 

modulate duty cycle

 
 
 
 
 
 
 
 
 
 

Figure 7. Carrier Frequency 
 
Interrupt request is generated by the group 2 base timer reset. Set the G2POi (i=0 to 7) register to decide the 
low (“L”) width of PWM output pulse. The group 2 base timer is reset by matching with the value of the 
G2PO0 register.  
 
 

XXXX

Interrupt request by the
group 2 base timer
reset

aaaa bbbb

output from
OUTC21 pin

Group 2 base timer

XXXX XXXX

Set the G2PO1 register to
bbbb in interrupt routine

aaaa

bbbb

XXXX

cccc

cccc

Set the G2PO1 register to
cccc in interrupt routine

reset by matching with
the G2PO0 register

XXXX = G2PO0 register value + 2

Figure 8. PWM Output Timing
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3.4.2 Duty Cycle 

Duty cycle of PWM is calculated by laying the PWM waveform to a sin waveform as shown in Figure 9. When 
a value of sin θ is negative, low-level (“L”) signal is output. When the value is positive and more than a 
specific value, high-level (“H”) signal is output. 
 
 

Figure 9. Sin Waveform and PWM Output 
 

ollowing equations are to calculate the setting value to the G2POj (j=0 to 7) register.  

g value = PWM cycle(s) – PWM cycle(s) × sinN°  

ut time 
s) + 1 

uses to output the waveforms shown in Figure 9. 

continuous "H" output

continuous "L" output

normal output

F
Normal output time 
G2POj register settin
Continuous “H” output time 
G2POj register = 0 
Continuous “L” outp
G2POj register = PWM cycle(
The G2POj register setting value ca
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Base Timer Reset Interrupt

Find the next output step angle

PWM output: calculate "L" width

continuous "L" output?

G2POj register = carrier cycle(s) + 1 G2POj register = 0

continuous "H" output?

G2POj register
= carrier cycle(s) - PWM data

Interrupt completed

Yes

No

Yes

No

 
Figure 10. Example of Base Timer Reload Interrupt
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3.4.3 Stepping Motor Speed 

Figure 11 shows changes of stepping motor speed at the fixed carrier frequency. In the example, the motor 
speed can accelerate by increasing the numbers of each pulse group which has different duty rates and 
decelerate by decreasing the numbers. 
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increase frequency

decrease frequency

2 2 2

3 3 3

4 4 4

increase numbers of
each pulse
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Figure 11. Changes of Stepping Motor Speed
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3.4.4 Control of Rotation Direction 

The rotation direction of stepping motor can be controlled by changing the reference direction of sin value 
table shown in Figure 12. Figure 12 uses 48 degree as a turning point of the rotation.   
 

Figure 12. Control of Rotation Direction 
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3.5 Setting Procedure 

The initial setting procedure and setting values are described as follows to perform 3.4 Waveform Generation 
Function. Refer to M32C/83 group hardware manual for details on each register.

Nothing is assigned. Set to "0".

1) Interrupt Disabled
Set the I flag to "0" or set the ILV2 to 0 bits in the IIOkIC register (k=0 to 11) to "000b " in order to disable
the interrput request from intelligent I/O.

2) G2BCR0 Register

0 1 1 1 1111
Clock is supplied to the BTSR
register to enable the BTSR
register setting.

BCK1 and 0: count source select bit
-f1

DIV4 to 0: count source divide ratio select bit
  -no division

0 0 0 0 0000

3) BTSR Register

Group i base timer (i=0 to 3) is
reset. After setting the base timer
operation clock with the GiBCR0
register, set the BTS bit in the
GiBCR1 register to "1" for the
group i base timer to start counting
from "0000h".

BT3S to BT0S: base timer start bit
  -reset group i base timer (i=0 to 3)

Nothing is assigned. Set to "0000b".

Nothing is assigned. Set to "000000b".

4) G2BCR0 Register

0 0 0 0 0000 Stop supplying clocks to the group
2 base timer when the timer and
the BTSR register are not used.BCK1 and 0: count source select bit

  -clock stopped

Nothing is assigned. Set to "0".

5) G2BCR0 Register

0 1 1 1 1111 Supply to each register shown in
procedures 6) to 13) and 20). To
enable each register setting as
soon as they are set, set the
G2BCR0 register to "011111111b".

BCK1 and 0: count source select bit
 -f1

DIV4 to 0: count source divide ratio select bit
 -no division

b7

b7

b7

b7 b0

b0

b0

b0
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6) G2BCR1 Register 

0 

b7 

0 0 0 

b0

01 0 

After the registers associated with
the group 2 intelligent I/O are set,
set the BTS bit to "1" (base timer
start counting). 

Nothing is assigned. Set to "0".

RST1: base timer reset cause select bit 1
  - reset the base timer by matching the value
    set in the G2PO0 register

Nothing is assigned. Set to "0".

Reserved bit. Set to "0".

BTS: base timer start bit
  - base timer reset

Reserved bit. Set to "00b".

Nothing is assigned. Set to "0".

7) G2POCR0 Register 

0 0 0 0 00 0 0 

b7 b0

MOD2 to 0: operation mode select bit
  -Sing le waveform output mode

Nothing is assigned. Set to "00b".

RLD: GiPO0 to 7 register reload timing select bit
  -Relo ad when value is written.

Nothing is assigned. Set to "00b".

) G2PO0 Register 
b15 b0

16 bits 

Set the carrier cycle at start-up. If setting value is n, 

divide ratio
PWM cycle =   x ( n+2) 

The GiPO0 register setting is
enabled as soon as it is set. When
setting the GiPO0 register at initial
setting, set the RLD bit to "0".

f1

0 

8 
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10) G2POCR1 to 4 Registers

0 0 0 0 0000

b7 b0

MOD2 to 0: operation mode select bit
  - Single waveform output mode

Nothing is assigned. Set to "0".

IVL: Output initial value select bit
  - Output "0" as default value

RLD: GiPOj register reload timing select bit
  - Reload the GiPOj register when value is written

Nothing is assigned. Set to "00b".

11) G2PO1 to 4 Registers
b15 b0

16 bits

The G2PO1 to 4 registers decide the "L" width of
four PWM waveforms to control a stepping motor
at start-up. Set these registers to more than the
G2PO0 register value so that the output level of
all PWMs is fixed to "L" as a default.

The setting of GiPO0 register is
enabled as soon as it is set. When
setting the GiPO0 register at initial
setting, set the RLD bit to "0".

12) G2POCR1 to 4 Registers

0 0 1 0 0000

b7 b0

MOD2 to 0: operation mode select bit
  - Single waveform output mode

Nothing is assigned. Set to "00b".

RLD: GiPOj register value reload timing select bit
  - Reload the GiPOj registers when the base timer is reset.

Nothing is assigned. Set to "00b".

After setting the RLD bit to "1",
change the reload timing of G2PO1
to G2PO4 registers when the base
timer is reset.

9) G2POCR0 Register

0 0 1 0 0000

b7 b0

MOD2  to 0: operating mode select bit
  - Single waveform output mode

Nothing is assigned. Set to "00b".

RLD: GiPOj(j=0 to 7) register value reload timing select bit
  - Reload the GiPOj register when base timer is reset

Nothing is assigned. Set to "00b".

After setting the RLD bit to "1",
change the reload timing of GiPO0
and GiPOj registers when the base
timer is reset.
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14) IIO6IE Register

0 0 0 0 1000

b7 b0

Do not set the IRLT bit and bit 7 to
1 to "1" simultaneously.

IRLT: interrupt request select bit
  - operate channel 0 function

bit7 to 1: interrupt enable bit 7 to 1
  - Set to "0000000b".

0 0 0 0 0000

b7 b0

Set the IIO6IR register to "00h".

15) IIO6IR Register

Nothing is assigned. Set to "0".

Initialize the interrupt request register

16) IIO6IE Register

0 0 0 0 1010

b7 b0

Set the interrupt request bit of
unused interrupt to "0".

IRLT: Interrupt request select bit
  - enable functions for channel 0

bit2: interrupt enable bit 2
  - Set the PO20 bit to "1".

bit7 to 3, 1: interrupt enable bit 7 to 3, 1
  - Nothing is assigned. Set to "0".

13) G2FE Register

0 0 0 1 1111

b7 b0

Set the IFEj bit of unused channel j
to "0".

IFE4 to 0: channel 4 to 0 function enable bit
  - enable functions for channel 4 to 0

IFE7 to 5: channel 7 to 5 function enable bit
  - When using channel j, set the IFEj bit to "1"
     (enable functions for channel j)
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19) Interrupt enable (I flag = "1")

0 1 1 0 1001

b7 b0

PS7_6, PS7_5, PS7_3, PS7_0: port output function select bit
  - Set the intelligent I/O group 2 output

PS7_7, PS7_4, PS7_2, PS7_1: port output function select bit
  - Set the I/O port.

18) Function Select Register A7

20) G2BCR1 Register

0 0 0 1 0100

Nothing is assigned. Set to "0".

RST1: base timer reset cause select bit 1
  - Reset the base timer by matching with the
    G2PO0 register

Nothing is assigned. Set to "0".

Reserved bit. Set to "0".

BTS: base timer start bit
  - base timer start counting

Reserved bit. Set to "00b".

Nothing is assigned. Set to "0".

b7 b0

0 0 0 0 1100

b7 b0

17) IIO6IC Register

ILVL2 to 0: interrupt priority level select bit
  - set the interrupt priority level

IR: interrupt request bit
  - no interrupt requested

Nothing is assigned. Set to "0000b".
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4. Sample Program 

The following is an application program for microstepping control of stepping motor. This application 
program is a sample, therefore, it needs to be changed or modified for an individual user’s application.  
Figure 14 shows an output result of sample program.  

 
 
 
 
OUTC21 
 
 
OUTC22 
 
 
OUTC23 
 
 
OUTC24 
 
 
 

 
Figure 14. Oscilloscope Measurement 

 
Main clock: 30 MHz 
Carrier frequency: 20 KHz 
Rotation speed: 40 PPS 

際して
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5. Reference Program 

Please find the reference program from the Renesas Technology Web site. 
Click Application Note in the left menu of the M32C/80 Series top page. 
 

6. Reference Documents 

Hardware manual 
M32C/83 Group Hardware Manual 
M32C/85 Group Hardware Manual 
(Use the most recent version of the document on the Renesas Technology Web site.) 
 
Technical news/Technical update 
(Use the most recent version of the document on the Renesas Technology Web site.) 
 

7. Web site and Support 

Renesas Technology Web site 
http://www.renesas.com/ 
 
Inquiries 
http://www.renesas.com/inquiry 
csc@renesas.com 
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Keep safety first in your circuit designs!  

Notes regarding these materials 

1. These materials are intended as a reference to assist our customers in the selection of the Renesas 
Technology Corporation product best suited to the customer's application; they do not convey any 
license under any intellectual property rights, or any other rights, belonging to Renesas Technology 
Corporation or a third party.

2. Renesas Technology Corporation assumes no responsibility for any damage, or infringement of any 
third-party's rights, originating in the use of any product data, diagrams, charts, programs, 
algorithms, or circuit application examples contained in these materials.

3. All information contained in these materials, including product data, diagrams, charts, programs and 
algorithms represents information on products at the time of publication of these materials, and are 
subject to change by Renesas Technology Corporation without notice due to product improvements 
or other reasons.  It is therefore recommended that customers contact Renesas Technology 
Corporation or an authorized Renesas Technology Corporation product distributor for the latest 
product information before purchasing a product listed herein. 
The information described here may contain technical inaccuracies or typographical errors. 
Renesas Technology Corporation assumes no responsibility for any damage, liability, or other loss 
rising from these inaccuracies or errors. 
Please also pay attention to information published by Renesas Technology Corporation by various 
means, including the Renesas Technology Corporation Semiconductor home page 
(http://www.renesas.com).

4. When using any or all of the information contained in these materials, including product data, 
diagrams, charts, programs, and algorithms, please be sure to evaluate all information as a total 
system before making a final decision on the applicability of the information and products.  Renesas 
Technology Corporation assumes no responsibility for any damage, liability or other loss resulting 
from the information contained herein.

5. Renesas Technology Corporation semiconductors are not designed or manufactured for use in a 
device or system that is used under circumstances in which human life is potentially at stake.  
Please contact Renesas Technology Corporation or an authorized Renesas Technology Corporation 
product distributor when considering the use of a product contained herein for any specific 
purposes, such as apparatus or systems for transportation, vehicular, medical, aerospace, nuclear, 
or undersea repeater use.

6. The prior written approval of Renesas Technology Corporation is necessary to reprint or reproduce 
in whole or in part these materials.

7. If these products or technologies are subject to the Japanese export control restrictions, they must 
be exported under a license from the Japanese government and cannot be imported into a country 
other than the approved destination. 
Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the 
country of destination is prohibited.

8. Please contact Renesas Technology Corporation for further details on these materials or the 
products contained therein.

1. Renesas Technology Corporation 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! 
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