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Application Note

4509 Group
Timer
1．Abstruct
The following article provides seting exaples and aplication examples of timer of 4509 Group.

2． Introduction
The explanation of this issue is applied to the following condition: 

• Microcomputer:               4509 Group
• Ocsillation Frequency:     4 MHz
• System Clock:                  Through Mode (Frequency Not Divided)

Due to the bit location for the control register, a bit with no function may be operated in some cases.
Values can be optionally set on those bits.

In this issue, application examples and setting examples of the followings are provided.

• CNTR0 Output:  Buzzer Output
• CNTR0 Input:  Event Count
• Timer:  Timer Start by External Input
• CNTR1 Output:  PWM Output Control
• Input Period Count by INT
• CNTR1 Output Auto-Contorl
• Watchdog Timer
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4509 Group
Timer
3．Relevant Register

3.1 Interrupt Control Register V1
Table 3.1 shows the bit configuration for Interrupt control register V1.
Writing to register V1 can be performed by TV1A instruction after setting register A.
The contents of register V1 can be transfered to register A by TAV1 instruction.

Table 3.1  Bit Configuration for Interrupt Control Register V1

Note 1:    “R” represents read enabled, and “W” represents write enabled.
Note 2:　　　　    Unused bits while setting Timer

3.2 Interrupt Control Register I1
Table 3.2 shows the bit configuration for Interrupt control register I1.
Writing to register I1 can be performed by TI1A instruction after setting values to register A.
The contents of register I1 can be transfered to register A by TAI1 instruction.

Table 3.2  Bit Configuration for Interrupt Control Register I1

Note 1:  “R” represents read enabled and “W” represents write enabled.
Note 2:  “1” may occasionally set to External interrupt request flag (EXF0) when the contents of I12 and I13 are

changed.
Note 3:                : Unused bits while setting Timer

Interrupt control register V1 at reset: 00002 at RAM back-up: 00002
R/W

TAV1/TV1A

V13 Timer 2 interrupt enable bit
0 Interrupt disabled (SNZT2 instruction is valid)

1 Interrupt enabled (SNZT2 instruction is invalid)

V12 Timer 1 interrupt enable bit
0 Interrupt disabled (SNZT1 instruction is valid)

1 Interrupt enabled (SNZT1 instruction invalid)

V11 Not used
0

This bit has no function but read /write is enabled
1

V10 External 0 interrupt enable bit
0 Interrupt disabled (SNZ0 instruction valid)

1 Interrupt enabled (SNZ0 instruciton invalid)

Interrupt control register I1 at reset: 00002 at RAM back-up: state retained R/W
TAI1/TI1A

I13 INT input control bit (Note 2)
0 INT pin input disabled

1 INT pin input enabled

I12
Interrupt valid waveform for INT pin/
return level selection (Note 2)

0 Falling waveform (”L” level of INT pin is recognized with the SNZI0 
instruction)/”L” level

1 Fising  waveform (”H” level of INT pin is recognized with the SNZI0 
instruction)/”H” level

I11 INT pin edge detection circuit contril bit
0 One-sided edge detected

1 Both edges detected

I10 INT pin timer 1 control enable bit
0 Disabled

1 Enabled
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Timer
3.3 Timer Control Register PA
Table 3.3 shows the bit configuration for Timer control register PA.
Writing to register PA can be performed by TPAA instruction after setting values to register A.

Table 3.3  Bit Configuration for Timer Contorl Register PA

Note 1:    “W” represents write enabled.

3.4 Timer Control Register W1
Table 3.4 shows the bit configuration for Timer control register W1.
Writing to register W1 can be perfromed by TW1A instruction after setting values to register A.
The contents of register W1 can be transfered to register A by TAW1 instruction.

Table 3.4  Bit Configuration for Timer Control Register W1

Note 1:    “R” represents read enabled, and “W” represents write enabled.

Timer control regiser PA at reset: 02 at RAMback-up: 02
W

TPAA

PA0 Prescaler control bit
0 Stop (state initialized)

1 Operate

Timer control register W1 at reset: 00002 at RAM back-up: 00002
R/W

TAW1/TW1A

W13 PWM1 function control bit
0 PWM1 function invalid

1 PWM1 function valid

W12 Timer 1 control bit
0 Stop (state retained)

1 Operating

W11

Timer 1 count source selection bit

W11 W10 Count source

0 0 PWM2 Signal

0 1 Prescaler output (ORCLK)

W10
1 0 CNTR1 input

1 1 On-chip ocsillator clock (f(RING))
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3.5 Timer Control Register W2
Table 3.5 shows the bit configuration for Timer control register W2.
Writing to register W2 can be accomplished by TW2A instruction after setting values to register A.
The contents of register W2 can be transfered to register A by TAW2 instruciton.

Table 3.5  Bit Configuration for Timer Control Register W2

Note 1:    “R” represents read enabled, and “W” represents write enabled. 

3.6 Timer Control Register W5
Table 3.6 shows the bit configuration for Timer control register W5.
Writing to register W5 can be achieved by TW5A instruction after setting values to register A.
The contents of register W5 can be transfered to register A by TAW5 instruction.

Table 3.6  Bit Configuration for Timer Control Register W5

Note 1:    “R” represents read enabled, and “W” represents write enabled.
Note 2:    Vaild only when the INT pin/timer 1 control is enabled (I10 = “1”)
                and the timer 1 count start synchronous circuit is selected (W51 = “1”).
Note 3:    Valid only when the INT pin/timer 1 control is enabled (I10 = “1”)

Timer control register W2 at reset: 00002 at RAM back-up: 00002
R/W

TAW2/TW2A

W23 PWM2 function control bit
0 PWM2 function invalid

1 PWM2 function valid

W22 Timer 2 control bit
0 Stop (state retained)

1 Operate

W21

Timer 2 count source selection bit

W21 W20 Count source

0 0 Timer 1 underflow signal (T1UDF)

0 1 Prescaler output (ORCLK)

W20
1 0 CNTR0 input

1 1 System clock (STCK)

Timer control register W5 at reset: 00002 at RAM back-up: state retained R/W
TAW5/TW5A

W53 P12/CNTR0 pin function selection bit
0 P12 (I/O) / CNTR0 (input)

1 P12 (input) / CNTR0 (I/O)

W52
Timer 1 count auto-stop circuit selection 
bit (Note 2)

0 Count auto-stop circuit not selected

1 Count auto-stop circuit selected

W51
Timer 1 count start synchronous circuit 
selection bit (Note 3)

0 Count start synchronous circuit not selected

1 Count start synchronous circuit selected

W50
CNTR0 
input count edge selection bit

0 Falling edge

1 Rising edge
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3.7 Timer Control Register W6
Table 3.7 provides the bit configuration for Timer control register W6.
Writing to register W6 can be achieved by TW6A instruction after setting register A.
The content of register W6 can be transfered to register A by TAW6 instruction.

Table 3.7  Bit Configuration for Timer Control Register W6

Note 1:    “R” represents read enabled, and “W” represents write enabled.

Timer Control Register W6 Reset: 00002 RAM Backup: Hold R/W
TAW6/TW6A

W63 P11/CNTR1 pin function selection bit
0 P11 (I/O) / CNTR (input)

1 P11 (input) / CNTR1(I/O)

W62
CNTR1pin
output auto-control circuit selection bit

0 Output auto-control circuit not selected

1 Output auto-control circuit selected

W61
Timer 2 INT pin input cycle count circuit 
selection bit

0 INT pin input period count circuit not selected

1 INT pin input period count circuit selected

W60
CNTR1 pin
input count edge select bit

0 Falling edge

1 Rising edge
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4．Application Example of Timer

4.1 CNTR0 Output Operation:  Buzzer Output
Overview:         Rectangular wave from timer 1 can be applied to buzzer output performance.
Specification:    Rectangular wave of 4 kHz will be output from CNTR0 when the frequency of 
                          system clock  is 4 MHz.  Further, timer 1 interrupt occurs simultaneously.

Figure 4.1 depicts the peripheral circuit while Figure 4.4 explains the setting procedure of CNTR0 output.

Figure 4.1  Peripheral Circuit

4.2 CNTR0 Input Operation:   Event Count
Overview:        Counts the input signal (rising wave) from CNTR0 as an event.
Specification:   As the count source for timer 2, counts the external low frequency palse input into CNTR0; 
                          performs timer 2 interrupt when one hundred times of input events occur.

Figure 4.5 shows the setting procedure for CNTR0 input.

4.3 Timer Operation:   Timer Start by External Input
Overview:         With external input, a certain period of time is measured.
Specification:    Activates timer 1 with INT input as a trigger thereby an interrupt occurs
                          1 ms after the timer 1 activation. 

Figure 4.6 explains the setting procedure for timer 1 activation by external input.

1 2 6μ s 1 2 6μ s

Set the divis ion r ate in or der  for  T imer  1 under flow
per iod to be the same value as  these.

To  re d u c e  t h e  p o we r c o n s u m p t io n ,  s e le c t  "H ig h
I m p e d a n c e " wh ile  b u zze r o u t p u t  is  n o t  p e rf o rm in g .

4 5 0 9

C N T R 0
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4.4 CNTR1 Output Control:  PWMOutput Control
Overview:           PWM output is performed from port CNTR1 by timer 2.
Specification:     System clock frequency of 4.0 MHz is divided by timer 2; thereby outputs PWM waveform

         with an interval of  1.75 μs (0.75 μs during the “H” period) from port CNTR1.

Figure 4.2 shows Timer 2 operation, Figure 4.7 explains the setting procedure for PWM output control.

Figure 4.2  Timer 2 Operation

4.5 INT Input Period Count
Overview:          The period of INT input can be counted by timer 2.
Specification:     The period from the rising edge to the next rising edge is defined as one cycle. 
                           The counting performance is carried out by timer 2. 
                           The count source for timer 2 is the system clock.

Figure 4.8 and Figure 4.9 explains the setting procedures for the INT input period count performance.

4.6 CNTR1 Output Auto Control 
Overview:        PWM2 signals are genereted by timer 2; CNTR1 output is automatically controlled
                         by timer 1.
Specification:   The setting periods to reload registers R2L and R2H are defined as “L” and “H” respectively.
                         PWM signals of “L” and “H” are generated. The PWM signal generation is executed 

      by reloading data from R2L and R2H alternately everytime timer 2 performs underflow.
                         During this period, if “1” is set to bit 2 of register W6; the performance of PWM2 singal 
                         output to port CNTR1 turns to be enable and disable alternately everytime timer 1 underflow 
                         occurs.

Figure 4.10 illustrates the setting procedure for CNTR1 output auto-contorl.

(R2L)

(R2H) (R2L) (R2H) (R2L) (R2H)

←3-clock → ← 3-clock→

　↑
Timer 2 Starts PWM Period 7-Clock PWM Period 7-Clock

0316

Timer 2 Count Source

Timer 2 Count Value

(Reload Register)

Timer 2 Underflow Signal

PWM Signal

0216 0116 0016 0116 0016 0316 0216 0116 0016 0116 0016 0316 0216 0116 0016 0216

・Condition：CNTR1 Output Valid (W63 =“1”)
    Reload Register R2L =“0316”
    Reload Register R2H =“0216”

0216 0216
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4.7 Watchdog Timer
    Watchdog timer enables to reset the settings, if the program goes out of control or some fault condition occurs.
    WRST instruction must be executed with an interval of less than 65534 of 16-bit timer, 
    (i.e., less than 65534 of machine cycle), when the watchdog timer is enabled. 

Overview:         WRST needs to be executed within 65534 counts of the 16-bit timer while the microcomputer
                          is operating normally. Resetting will be executed if something goes out of control and WRST
                          instruction cannot be performed.
Specification:    Using 4.0 MHz of system clock frequency, detects an inappropiate operation within 49 ms 

       by executing WRST instruction.

Figure 4.3 shows Watchdog timer function, while Figure 4.11 provides a usage example of Watchdog timer.

Figure 4.3  Watchdog Timer Function

Timer WDT Value

Flag WDF1

Flag WDF2

Port RESET Output

FFFF16

000016

① "Reset" Released
③Execute WRST
Instruction (Skipping
Occurs)

65534 counts
(Note) ④

⑤  Sy stem  Reset

② ②

①Timer WDT starts down counting once "Reset" is released (=the program starts).
② "1" is set to f lag WDF1 when timer WDT underf low occurs.
③Flag WDF1 turns back to "0" and the next instruction is skipped when WRST instruction is perf ormed.
④ "1" is set to f lag WDF2 and the watchdog reset signal is output, if  timer WDT underf low occurs while f lag

WDF1 is "1".
⑤By  the watchdog reset signal, the output transistor of  port RESET becomes "ON" thereby  sy stem reset is

perf ormed.

Note: The count source f or timer WDT is the instruction clock; thus the count is same as the machine-cy cle.
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Figure 4.4  CNTR0 Output Setting Procedure

"X": Set either "0" or "1".

*A:  Set the count v alues f or timer 1 and prescaler of  the rectangular wav e output which is rev ersed ev ery  126 μs ,
       using the f ollowing f ormula.

126 μs≒ (4.0 MHz) - 1 　×  3 　　× (3+1)　× (41+1)
   System Clock   Instruction        Prescaler   T imer 1 Count  Value

  Clock         Count Value

~~~~~~~~~~ ~~~~~~ ~~~~~~~~~~~~~~

Buzzer output
starts

1. Disable Interrupt
        Disable timer 1 interrupt temporarily

Interrupt enable flag INTE “0” All interrupts disabled (DI instruction)
b3　　　　   b0

Interrupt control register V1 Timer 1 interrupt disabled (TV1A instruction)X 0 X X

5. Clear Interrupt Request
        Clear enable for timer 1 interrupt 

Timer 1 interrupt  request flag T1F “0” Timer 1 interrupt enable cleared (SNZT1 instruction)

Note:  While perf orming the procedure 5, insert NOP instruction af ter SNZT1 instruction in
case the next instruction is skipped due to the condition of  T1F.

7. Enable Interrupt
       Enable timer 1 interrrupt which has been disabled

b3　　　　    b0
Interrupt control register V1 Timer 1 interrupt enabled (TV1A instruction)

Itnerrupt enable flag INTE “1” All interrupt enabled (EI instruction)

X 1 X X

2. Stop Timer Operation and Prescaler Operation
Stop timer 1 and prescaler temporarily

b3　　　　    b0
Timer control register W1 Timer 1 stoped (TW1A instruction)

   　　　　    
　　　　　   b0

Timer control register PA Prescaler stoped (TPAA instruction)

X 0 X X

0

3. CNTR0 Output Setting
Set N-channel open-drain output for P12/CNTR0

b3　　　　    b0
Port output structure control register FR1 N-channel open-drain ouput selected

(TFR1A instruction)
b3　　　　    b0

Pull-up control register PU1 Pull-up transister Off
                                (TPU1A instruction)
b3　　　　    b0

Timer control register W5 CNTR0 input output (TW5A instruction)

X 0 X X

X 0 X X

1 X X X

6. Start Timer Operation and Prescaler Operation
  Restart timer 1 and precaler which hav e been temporarily  stopped
    Select timer 1 count source

b3　　　　    b0　　　Timer 1 operation started (TW1A instruction)
Timer control register W1 　　　　　　　　　　　　  PWM1 function enabled

　　　　　　　 Timer 1 count source: prescaler
 　　　　　 b0

Timer control register PA 　　　　　　　　 Prescaler  operation started
                                                                                                                                                              (TPAA instruction)

1 1 0 1

1

8. Stop CNTR0 Output
       Make "high impedance" condition by setting CNTR0 input for CNTR0 input/ouput

b3　　　　    b0
Port P12 ouput latch "1" is set to output latch (OP1A instruction)

b3　　　　    b0
Timer control register W5 CNTR0 input (TW5A instruction)

X 1 X X

0 X X X

4. Timer Value Setting
        Set the counting period f or prescaler and timer 1 (See *A f or the f omula)                              

Prescaler reload register RPS “0316”　Prescaler count value 3  (TPSAB instruction)
Timer 1 reload register R1L “2916”　Timer count value  41 (T1AB instruction)
Timer 1 reload rigister  R1H “2916”　Timer count value 41 (T1HAB instruction)
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Figure 4.5  CNTR0 Input Setting Procedure

"X": Set either "1" or "0"

Counting input signals starts

1. Disable Interrupt
        Disable timer  2 interrupt temporarily

Interrupt enable flag INTE “0” All interrupts disabled (DI instruction)
b3　　　　   b0

Interrupt control register V1 Timer 2 interrupt disabled (TV1A instruction)0 X X X

5. Clear Interrupt Request
Clear enable for timer 2 interrupt
Timer 2 interrupt request flag T2F “0” Timer 2  interrupt enable cleared (SNZT2 instruction)

7. Enable Interrupt
        Enable Timer 2 interrupt which has been temporarily disabled

b3　　　　    b0
Interrupt control register V1 Timer 2 interrrupt enabled (TV1A instruction)

Interrupt enable flag INTE “1” All interrupts enabled (EI instruction)

1 X X X

Note: While perf orming the procedure 5, insert NOP instruction af ter SNZT2 instruction, in
case the next instruction is skipped due to the condition of  T2F.

4. Timer Value Setting
        Set the count value for timer 2

Timer 2 reload register R2L　　“6316” Timer 2 count value "100-1" is set  (T2AB instruction)

2. Stop Timer Operation
Stop timer 2 temporarily

b3　　　　　　 b0
Timer control register W2 Timer 2 stoped (TW2A instruction)

X 0 X X

6. Start Timer Operation
        Restart timer 2 which has been stopped temporarily

 Select timer 2 count source
b3　　　　    b0

Timer control register W2 Timer 2 operation started (TW2A instruction)
Timer 2 count source CNTR0 input selected

0 1 1 0

3. Port Setting
       Set CNTR0 input for ports P12/CNTR0

b3　　　　　　 b0
Port output structure control register FR1 N-channel open-drain output selected

(TFR1A instruction)
b3　　　　　　 b0

Pull-up control r egister PU1 Pull-up transistor Off
                               (TPU1A instruction)
b3　　　　　　 b0

Port P12 ouput latch "1" is set to output latch (OP1A instruction)

b3　　　　　　 b0
Timer control register W5 "CNTR0 input" is set  (TW5A instruction)

"Rising" is set for count edge

X 0 X X

0 X X 1

X 0 X X

X 1 X X
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Figure 4.6  Setting Procedure for Timer 1 Start By External Input 

"X": Set either "1" or "0".

*A: 　 In order f or an interrupt to occurs  ev ery  1 m s,  set the count v alues  f or t im er 1 and prescaler
        by  us ing the f ollowing f orm ula:

1 m s ≒  (4.0 MH z) - 1 ×  3 × (15+1) × (82+1)
            Sys tem Clock                                              Ins truc tion Clock                             P res caler Count Value        T imer 1 Count Value

~~~~~~~~~~ ~~~~~ ~~~~~~~~

Com ple tion o f T im er start p reparation  by externa l  input

~~~~~~~~

1. D isable Interrupt
        D isable t im er 1 interrupt and the ex ternal interrupt tem porarily

Interrupt enable flag  INTE “0” All interrupts disabled (DI ins truc tion)
b3　　　　   b0

Interrupt control reg ister V1 Timer 1 interrupt disabled (T V1A  ins truc tion)
External 0 interrupt disabled

X 0 X 0

6. C lear Interrupt R equest
Clear enable for timer 1 interrupt

Timer 1 interrupt req uest flag  T1F “0” Timer 1 interrupt enable cleared (SNZT1 ins truc tion)

4.  Port  Sett ing
Select "Input" for INT pin

b3　　　　　　 b0
Port output structure control reg ister FR1 N-channel open-drain output selected

(T FR1A ins truc tion)
b3　　　　　　 b0

Pull-up control reg ister PU1 Pull-up transistor Off
                                (T PU1A ins truc tion)
b3　　　　  　  b0

Port P13 output latch Input setting  (OP1A ins truc tion)1 X X X

0 X X X

0 X X X

3. Stop Tim er Operat ion and Prescaler Operation
        Stop timer 1 and prescaler temporarily

b3　　　　　  　b0
Timer control reg ister W1 Timer 1 stopped (T W 1A ins truc tion)

　　　　　　   　b0
Timer control reg ister PA Prescaler stopped (T PAA ins truc tion)

X 0 X X

0

7. Tim er 1 C ount Start  Sy nchronous C ircuit  R esett ing
Reset count start  synchronous circuit

b3　　　　    　 b0               INT input enabled (T I1A  ins truc tion)
Interrupt control reg ister I1 R ising  waveform one edg e detected

Timer 1 control disabled

1 1 0 0

10. Enable Interrupt
       Enable timer 1 interrupt which has been temporarily disabled

b3　　　　    b0
Interrupt control reg ister V1 Timer 1 interrupt enabled (T V1A ins truc tion)

Interrupt enable flag  INTE “1” All interrupts enabled (EI ins truc tion)

X 1 X X

9. Start  Tim er Operat ion and Prescaler Operat ion
Restart timer 1 and prescaler which have been temporarily stopped. Select timer 1 count source.

b3　　　　    b0
Timer control reg ister W1 　　　　　　　　 Timer 1 operation started (T W 1A ins truc tion)

　　　　　　　　 Timer 1 count source / prescaler started
 　　　　　 b0

Timer control reg ister PA 　　　　　　　 　Prescaler operation started (T PAA ins truc tion)

0 1 0 1

1

2. Tim er 1 C ount Start  Sy nchronous C ircuit   N on Selec t ion
b3　　　　　    b0

Timer control reg ister W5 Timer 1 count start synchronous circuit NOT selected
                                                                                                    (T W 5A ins truc tion)

X X 0 X

8. IN T Input Sett ing
Enable IN T input b3　　　　    　 b0

Interrupt control regis ter I1 Tim er 1 control enabled (T I1A  ins truc tion)
* Change only the lowes t bi t of the regis ter shown in 7.

Clear the enable condition for external 0 interrupt
External 0 interrupt req uest flag  EXF0　　　“0”　　 External 0 interrupt enable cleared  (SNZ0 ins truc tion)

　　　 Note:  Insert NOP instruction after SNZ0 instruct ion in case the next instruction is skipped due to EXF0 condition.

b3　　　　    　 b0
Timer control reg ister W5 Timer 1 count start synchronous circuit selected

                                                                                                (T W 5A ins truc tion)

X X X 1

X X 1 X

N ote: W hen execut ing the procedure 6, insert  N OP ins truc t ion af ter SN ZT1 ins truc t ion
         in case the nex t ins truc tion is  sk ipped due to T1F  condit ion. (Execute the sam e perf orm ance
f or the procedure 8, ex ternal 0 interrupt reques t f lag.)

5. Tim er Value Sett ing
       Set the count value for timer 1 and prescaler (see *A for the fomula)

Prescaler reload reg ister RPS “ 0F16”　 Prescaler count value: 15 (T PSAB ins truc tion)
Timer 1 reload reg ister R1L “ 5216”　 Timer count value: 82 (T 1AB ins truc tion)
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Figure 4.7  Setting Procedure for PWM Output Control

"X": Set either "0" or "1"

PWM Output starts

1. Disable Interrupt
       Disable timer 2 interrupt

b3　　　　   b0
Interrupt control register V1 Timer 2 interrupt disabled (TV1A instruction)0 X X X

4. Timer Value Setting
       Set the count value for Timer 2

Timer 2 reload register R2L “0316” Timer count value 3 (T2AB instruction)
Timer 2 reload register R2H “0216” Timer count value 2 (T2HAB instruction)

5. Start Timer Operation
        Restart timer 2 which has been temporarily stoped

 Timer 2  count source
b3　　　　    b0

Timer control register W2 Timer 2 operation started (TW2A instruction)
PWM2 enabled (CNRT1 output)
Timer 2 count source: System clock

1 1 1 1

2. Stop Timer Operation
Stop timer 2

     b3　　　　　  　b0
Timer control register W2 　Timer 2 stopped (TW2A instruction)X 0 X X

3. Port Setting
       Select PWM signal output setting for Port CNTR1

b3　　　　　　 b0
Timer control register W6 CNTR1 input/output selected (TW6A instruction)

b3　　　　　　 b0
Port output structure control register FR1 CMOS output selected ( TFR1A instruction)

b3　　　　　　 b0
Pull-up control register PU1 Pull-up transistor Off

                                                                                                           (TPU1A instruction)

1 X X X

X X 1 X

X X 0 X
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Figure 4.8  Setting Procedure for INT Input Period Measurement (1)

"X":  S e t  e ither "0 " o r "1 "

S ee "S et t ing  P roc edure  f o r IN T Input  P eriod
Meas urem ent  (2)"

1 .  D is ab le  In te rrup t
        D isable timer  2 inter rupt and external 0 inter rupt temporar ily

Inter rupt enable flag  IN T E “ 0 ” All inter rupts disabeld (D I in s truc ti on)
b3　 　 　 　   b0

Inter rupt c ontrol reg ister  V1 T imer  2 inter rupt, external 0 inter rupt  disabled
(T V 1A  in s tru c tion)

0 X X 0

5.  C lear In te rrupt  R eques t  (T h i s  in s tru c tio n  s ho u ld  b e  pe rfo rm e d  a fte r g ivin g  o ne  o r m ore  in s tru c tio ns  a fte r s e tting  R eg is te rI1)
C lear  enable for  external 0 inter rupt

External 0 inter rupt req uest flag  EXF 0 “ 0 ” External 0 interupt enable c leared
                                                                                                     (S N Z0  ins truc tio n)

N o te :   W hile  ex ec ut ing  the  p roc edure  5 ,  ins ert  N O P ins t ruc t ion  a f te r S N Z 0 ins t ruc t ion
          in  c as e  the nex t  ins t ruc t ion  is  s k ipped due  to  the  c ond it ion  o f
          In te rrupt  reques t  f lag EXF 0.

6 .  Tim er V a lue Set t ing
Set the count value for  timer  2

T imer  2 reload reg ister  R 2 L “ F F 16” 　 Set "255" for  timer  count value (T 2A B  ins truc tio n)

7 .  C lear In te rrup t  R eques t
C lear  enable for  timer  2 inter rupt

T imer  2 Inter rupt R eq uest F lag  T2F “ 0 ” T imer  2 inter rupt enable c leared  (S N ZT 2  in s truc ti on)

N o te :  W hile  ex ec ut ing the  p roc edure  7 ,  ins ert  N O P  ins t ruc t ion  a f t e r S N Z T2 ins t ruc t ion
         in  c as e  the  nex t  ins t ruc t ion  is  s k ipped due to  t he c ond it ion  o f  I n terrup t  reques t
         f lag  T2F .

2 .  S top  Tim er O pera t ion
Stop timer  2 temporar ily

b3　 　 　 　   b0
T imer  control reg is ter  W2 T imer  2 s topped (T W 2A  in s tru c tion)X 0 X X

3.  C lear IN T inpu t  period  c ount  c irc u it
Select one edg e ( r is ing  edg e)  detection

  b3　 　 　 　   b0
Inter rupt control reg is ter  I1 　   IN T  input disabled (T I1 A  i ns truc tio n)

S N ZI0  in s tru c ti on  i s  us e d  to  d e tec t "H " fo r IN T
One edg e (R is ing  Edg e )  detected

0 1 0 0

4.  P eriod  Meas urem ent  S igna l S e lec t ion
       Set " input" for  the por t used for  IN T

Select  the " input-enabled" setting  for  IN T
b3　　　　　　 b 0

Por t P13 output latch "1" is  set to output latch (OP 1 A  in s truc ti on)

b3　　　　　　 b0
Por t output structure control reg is ter  F R 1 N -channel open-drain output

(T FR 1 A  in s truc tio n )
b3　　　　　　 b0

Pull-up control reg is ter  PU 1 Pull-up trans istor  O ff
(T P U 1 A  in s truc ti on)

b3　 　 　 　    b0
T imer  control reg ister  W6 IN T  input cyc le count c ir cuit not selected

(T W 6 A  ins tru c tio n)
b3　 　 　 　    b0

Inter rupt control reg iser  I1 IN T  input enabled  (T I1A  in s tru c ti on)

N ote: Set "0" to Bit 1 of T imer  control reg ister  W6 before g iving  "1" to Bit 3 of Inter rupt control reg ister  I1.
             

1 X X X

1 1 0 0

X X 0 X

0 X X X

0 X X X
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Figure 4.9  Setting Procedure for INT Input Period Measurement (2)

Note: The count value for timer 2 must be higher than the value of
         INT input period.  (due to timer 2 underf low)

Synchronizing with a rising edge of  INT input, starts timer 2 counting

Continued from the previous page "Setting Procedure for
INT Input Period Measurement (1)"

External 0 Interrupt Occurs
　　　　　　　 The f irst (at counting starts) interrupt : no operation executed
 　　　　　　　The second (at counting ends) interrupt: measures the pulse width

13. No Operation
NOP instruction

14. Process Obtained Data
Read the count value for timer 2

Timer 2　→　register A and register B（TAB2 instruction）

12. Disable Interupt
Disable external 0 interrupt b3　　　　   b0

Interrupt control register V1 External 0 interrupt disabled (TV1A instruction)0 X X 0

"X": Set eitehr "0" or "1"

8. Period Count Circuit Operation
Start period count circuit operation

b3　　　　　  　b0
Timer control register W6 INT input period count circuit selected

(TW6A instruction)
X X 1 X

9. Start Timer Operation
       Restart timer 2 which has been temporarily stopped

Def ine timer source for timer 2
b3　　　　   b0

Timer control register W2 Timer 2 operation started (TW2A instruction)
Timer 2 count source: System clock

0 1 1 1

11. Stop Timer Operation
Stop timer 2 operation temporarily

b3　　　　   b0
Timer control register W2 Timer 2 operation stopped (TW2A instruction)X 0 X X

The Second Interrupt

10. Enable Interrupt
         Enabled external 0 interrupt which has been temporarily disabled

b3　　　　   b0
Interrupt control register V1 External 0 interrupt enabled (TV1A interrupt)

Timer 2 interrupt disabled
Interrupt enable flag INTE “1” All interrupts enabled (EI instruction)

0 X X 1
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Figure 4.10  Setting Procedure for CNTR1 Output Auto-Control

"X": Set Either "0" or "1"

PWM Output starts

1.  Disable Interrupt
        Disable timer 1 interrupt and timer 2 interrupt

b3　　　　   b0
Interrupt control register V1 Timer 1 interrupt disabled (TV1A instruction)

Timer 2 interrupt disabled
0 0 X X

5. CNTR1 Output Auto Control Setting
Start CNTR1 output auto-control

b3　　　　　　 b0
Timer control register W6 CNTR1 output auto-control circuit selected

(TW6A instruction)
1 1 X X

3. Port Setting
Set P11/CNTR1 PWM signal output
Disable CNTR1 output auto control

b3　　　　　　 b0
Timer control register W6 CNTR1 input/output selected (TW6A instruction)

CTNR1 ouptut auto control circuit NOT selected
b3　　　　　　 b0

Port ouptut format control register FR1 CMOS output selected（TFR1A instruction)

b3　　　　　　 b0
Pull-up control register PU1 Pull-up transistor Off

                                (TPU1A instruction)

1 0 X X

X X 1 X

X X 0 X

2. Stop Timer Operation
Stop prescaler, timer 1, and timer 2

    　　　　　  　b0
Timer control register PA Precaler stopped (TPAA instruction)

b3　　　　　  　b0
Timer control register W1 Timer 1 stopped (TW1A instruction)

b3　　　　　  　b0
Timer control register W2 Timer 2 stopped (TW2A instruction)

X 0 X X

0

X 0 X X

6. Start Timer Operation and Prescaler Operation
       Restart timer 1, timer 2, and prescaler which have been temporarily stopped

Select the count sources for timer 1 and timer 2
b3　　　　    b0

Timer control register W1                                Timer 1 started (TW1A instruction)
　Timer 1 count source:  Prescaler

b3　　　　    b0
Timer control register W2 Timer 2 started (TW2A instruction)

PWM2 enabled (CNRT1 output)
Timer 2 count source: System clock

                          b0
Timer control register PA Prescaler started (TPAA instruction)

0 1 0 1

1

1 1 1 1

4. Timer Value Setting
       Set the count values for prescaler, timer 1, and timer 2

Prescaler reload register RPS “6316” Prescaler count value: 99 (TPSAB instruction)
    Timer 1 reload register R1L “5216” Timer count value: 82 (T1AB instruction)

Timer 2 reload register R2L “2916” Timer count value: 41 (T2AB instruction)
Timer 2 reload register R2H “2916” Timer count value: 41 (T2HAB instruction)
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Figure 4.11  Usage Example for Watchdog Timer

Note: While perf orming the procedure 1, insert NOP instruction af ter WRST instruction
          in case the next instruction is skipped due to the condition of  Watchdog timer f lag
          WDF1.

Execute Main Routine

Repeat

1. C lear Flag WDF1
Set "0" to

Watchdog timer f lag WDF1 “ 0”     Watchdog timer flag  WDF1 cleared (T RST  ins truc tion)

Main Routine (20-ms interval)

Note:  DO NOT clear Watchdog t imer f lag WDF1 using an interrupt.
          An interrupt  is  occasionally  still operatinig  ev en if  the program has gone
          out of  control.

・
・
・
・
・
WRST:          F lag WDF cleared
NOP
DI:                Interrupt disabled
EPOF:            POF instruction enabled
POF
↓
Oscillation stopped (RAM back-up mode )

Switch to the RAM back-up mode

The  v alues of  f lags WEF, WDF1, and WDF2 are init ialized during the RAM back-up mode; howev er, sometimes
the microcomputer goes to be reset if  f lag WDR2 becomes "1" while switching to the RAM back-up mode.
When both Watchdog timer and the RAM back-up mode are used, f lag WDF1 needs to be init ialized by  executing
WRST instruction right bef ore the microcomputer switches to the RAM back-up Mode.
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5．Reference Software Programs
Reference software programs are available on Renesas Corporation Website.
To obtain the programs, click “Application Note” on the left side of the 4509 Group page.

6．Reference Documents
Datasheet
4509 Group Datasheet

Before using this material, pelase visit our website to verify that this is the most updated docmuent available.

7．Our Official Website and Inquiry Contact
Renesas Technology Corporation Website
http://www.renesas.com

Inquiry Contact
http://www.renesas.com/inquiry
csc@renesas.com
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Revision History 4509 GroupTimer
Application Note

Rev. Date
Description

Page Summary

1.00 July 01, 2006 － First Edition Issued
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Keep sa fe ty firs t in your c ircu it designs!

1. Renesas Technology Corporation puts the maximum effort into mak ing semiconductor products
better and more reliable, but there is always the poss ibi l i ty that trouble may occur with them. Trouble
with semiconductors may lead to personal injury, fi re or property damage.
Remember to give due cons ideration to safety when making your c ircuit des igns, with appropriate
measures such as (i) placement of substitutive, aux i l iary c ircuits , (ii ) use of nonflammable material or
(i i i ) prevention against any malfunction or mishap.

No tes regard ing these ma te ria ls

1. These materials are intended as a reference to ass is t our cus tomers in the selec tion of the Renesas
Technology Corporation product best suited to the cus tomer's appl ication; they do not convey any
l icense under any intellec tual property rights , or any other rights , belonging to Renesas Technolog y
Corporation or a third party.
2. Renesas Technology Corporation assumes no respons ibi l i ty for any damage, or infringement of any
third-party 's rights, originating in the use of any produc t data, diagrams, charts , programs,
algorithms , or c ircuit application examples contained in these materials .
3. Al l information contained in these materials , inc luding product data, diagrams, charts , programs and
algorithms represents information on produc ts at the time of publication of these materials , and ar e
subject to change by Renesas Technology Corporation without notice due to produc t improvements
or other reasons . It is therefore recommended that cus tomers contac t Renesas Technology
Corporation or an authori zed Renesas Technology Corporation produc t dis tributor for the latest
product information before purchas ing a produc t l is ted herein.
The information desc ribed here may contain technical inaccurac ies or typographical errors .
Renesas Technology Corporation assumes no respons ibi l i ty for any damage, l iabi l i ty, or other loss
ris ing from these inaccurac ies or errors.
Please also pay attention to information publ ished by Renesas Technology Corporation by various
means, inc luding the Renesas Technology Corporation Semiconductor home page
(http://www.renesas.com).
4. When us ing any or all of the information contained in these materials , inc luding product data,
diagrams, charts , programs, and algori thms, please be sure to evaluate all information as a total
system before making a final dec is ion on the applicabil i ty of the information and products . Renesas
Technology Corporation assumes no responsibi l i ty for any damage, l iabi li ty or other loss resulting
from the information contained herein.
5. Renesas Technology Corporation semiconduc tors are not des igned or manufac tured for use in a
dev ice or system that is used under c ircumstances in which human l i fe is potential ly at s take.
Please contact Renesas Technology Corporation or an authorized Renesas Technology Corporation
product dis tributor when cons idering the use of a produc t contained herein for any spec ific
purposes, such as apparatus or systems for transportation, vehicular, medical, aerospace, nuc lear,
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 subjec t to the Japanese export control restric tions, they must
be exported under a l icense from the Japanese government and cannot be imported into a country
other than the approved des tination.
Any divers ion 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 detai ls on these materials or the
products contained therein.
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