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 Exp.24:External Interrupts 

 
INT0 ~ INT7  

 

 
  

JP5, JP6, JP8 
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Do 
If Key1 = 0 Then 
   ... 
   ... 
End If 

Debounce Key1 , 0 , Sw1 , Sub 

Bitwait Key1, reset 
Loop 

                
 

 
  

x=0,1,~,7 
State 

Falling 
Rising 

Low Level“0” 
Change 

Config Intx = State 

           
label 

abell xInt On 

 xInt Enable  

 xInt Disable 

 Enable Interrupts 



 


 

  0Int  
0Int Disable

0Int Enable 

 

Debounce 

Bitwait 
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Enable Interrupts 
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$regfile = "m128def.dat" 
$crystal = 1000000 
$baud = 9600 
'----------------------- 
Config Int0 = Rising 
Config Int1 = Rising 
Config Int2 = Change 
Config Int3 = Change 
Config Int4 = Falling 
Config Int5 = Falling 
Config Int6 = Change 
Config Int7 = Low Level 
 
On Int0 Int0_isr 
On Int1 Int1_isr 
On Int2 Int2_isr 
On Int3 Int3_isr 
On Int4 Int4_isr 
On Int5 Int5_isr 
On Int6 Int6_isr  
On Int7 Int7_isr Nosave 
 
Porte = &B11110000 : Portd = &B00000000 
 
Enable Int0 : Enable Int1   
Enable Int2 : Enable Int3 
Enable Int4 : Enable Int5 
Enable Int6 : Enable Int7  
Enable Interrupts 
'----------------------- 
Do 
   nop 
Loop Until Inkey() = 27 
End 
'----------------------- 
Int0_isr: 
   Disable Interrupts 
   Print "Int0 Occurred at Falling Edge!" 
   Enable Interrupts 
Return 
'----------------------- 
Int1_isr: 
   Print "Int1 Occurred at Falling Edge!" 
Return 
'----------------------- 
Int2_isr: 
   Print "Int2 Occurred at Low Level!" 
Return 
'----------------------- 
Int3_isr: 
   Print "Int3 Occurred at Low Level!" 
Return 
'----------------------- 
Int4_isr: 
   Print "Int4 Occurred at Rising Edge!" 
Return 
'----------------------- 
Int5_isr: 
   Print "Int5 Occurred at Rising Edge!" 
Return 
'----------------------- 
Int6_isr: 
   Disable Int6 
   Print "Int6 Occurred at Change of Edge!" 
Return 
'----------------------- 
Int7_isr: 
   Disable Int7 
   Print "Int7 Occurred at Change of Edge!" 
Return 

 
x=0,1,~,7ATmega128 

 


label 

     
       

 
 

 

    INT0  
 

    INT1  
 

    INT2  
 

    INT3  
 

    INT4  
 

    INT5  
 

    INT6  
 

    INT7  
low 
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 Exp.25: Dealing with Timers 

 
Timer0  Timer1  

/ 
  AVR /       

/ AVR    
 

/ 
/ 

8bit 16bit 

/8bit 0 – 255 /16bit 
0 – 65536 

/  Clock         
           Prescaler

 

 
 
 

//
/ 

Overflow/
255>8bit | 65535>16bit/   

 

Clock Timer Register [8/16 bit] 
Value 

Inc/Dec 
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Prescaler 
10bit

/  Clock/
 

  
TIMERClock = FCPU Prescaler = 1 

TIMERClock = FCPU / 8 Prescaler = 8 

TIMERClock = FCPU / 64 Prescaler = 64  

TIMERClock = FCPU / 256 Prescaler = 256 

TIMERClock = FCPU / 1024 Prescaler = 1024 

  
          

Clock/T0, T1 

 
 

  =                  

 
T 
N NTIMER0=8NTIMER1=16 

Prescaler[1, 8, 64, 256 or 1024] 
fOSC 

 


Clock                =                       
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fOSC=2MHZPrescaler=64
Clock           =               =           =  31250    

                =                    =        =  0.000032    = 32µ    

23uS 

 
Timer0, Timer1 

Timing of Timer0 at fOSC = 1MHZ 
Prescaler 1 8 64 256 1024 
Timer Resolution in (mSec) 0.001 0.008 0.064 0.256 1.024 
Maximum Timer Period (mSec) 0.256 2.048 16.384 65.536 262.144 

 

Timing of Timer0 at fOSC = 2MHZ 
Prescaler 1 8 64 256 1024 
Timer Resolution in (mSec) 0.0005 0.004 0.032 0.128 0.512 
Maximum Timer Period (mSec) 0.128 1.024 8.192 32.768 131.072 

 

Timing of Timer0 at fOSC = 4MHZ 
Prescaler 1 8 64 256 1024 
Timer Resolution in (mSec) 0.00025 0.002 0.016 0.064 0.256 
Maximum Timer Period (mSec) 0.064 0.512 4.096 16.384 65.536 

 

Timing of Timer0 at fOSC = 8MHZ 
Prescaler 1 8 64 256 1024 
Timer Resolution in (mSec) 0.000125 0.001 0.008 0.032 0.128 
Maximum Timer Period (mSec) 0.032 0.256 2.048 8.192 32.768 

 

Timing of Timer1 at fOSC = 1MHZ 
Prescaler 1 8 64 256 1024 
Timer Resolution in (mSec) 0.001 0.008 0.064 0.256 1.024 
Maximum Timer Period (Sec) 0.0655 0.5243 4.1943 16.777 67.1088 
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Timing of Timer1 at fOSC = 2MHZ 
Prescaler 1 8 64 256 1024 
Timer Resolution in (mSec) 0.0005 0.004 0.032 0.128 0.512 
Maximum Timer Period (Sec) 0.0328 0.262 2.097 8.3886 33.554 

 

Timing of Timer1 at fOSC = 4MHZ 
Prescaler 1 8 64 256 1024 
Timer Resolution in (mSec) 0.00025 0.002 0.016 0.064 0.256 
Maximum Timer Period (Sec) 0.016 0.131 1.049 4.194 16.777 

 

Timing of Timer1 at fOSC = 8MHZ 
Prescaler 1 8 64 256 1024 
Timer Resolution in (mSec) 0.000125 0.001 0.008 0.032 0.128 
Maximum Timer Period (mSec) 0.0082 0.0655 0.5243 2.097 8.3886 

 

Timing of Timer1 at fOSC = 12MHZ 
Prescaler 1 8 64 256 1024 
Timer Resolution in (uSec) 0.0833 0.666 5.333 21.333 85.333 
Maximum Timer Period (mSec) 0.0055 0.0437 0.3495 1.3981 5.5924 

 

Timing of Timer1 at fOSC = 16MHZ 
Prescaler 1 8 64 256 1024 
Timer Resolution in (uSec) 0.0625 0.5 4 16 64 
Maximum Timer Period (mSec) 0.0041 0.0328 0.262 1.0486 4.1943 
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Timer08bit 
Prescaler 

Config Timer0 = Timer , 
Prescale = 1|8|64|256|1024 

Timer08bit 
Edge 
Clear 

Config Timer0 = Counter , 
Prescale = 1|8|64|256|1024 , 
Edge = Rising / Falling ,  
Clear Timer = 1|0 

|Timer0| Start Timer0 
Stop Timer0 

|Timer0 Enable Ovf0 / Enable Timer0 
Disable Ovf0 / Disable Timer0 

T0_isr On Ovf0 T0_isr  

|Timer0 Timer0 = Value 
Value = Timer0  
Config Timer1 = Counter|Timer, Edge = Rising|Falling, Prescale = 1|8|64|256|1024, 
Noise Cancel = 0|1 , Capture Edge = Rising|Falling , Clear Timer = 1|0,  
Compare A = Clear|Set|Toggle|Disconnect, Compare B = Clear|Set|Toggle|Disconnect  

Timer1|16bit 
Edge|  

Prescaler  

Noise Cancel|Timer1 
Capture EdgeTimer1 

Clear Timer|Timer1 
Compare AOC1AOCR1A

Timer1TCNT1"1""0""Inv"OC1A   

Compare BOC1BOCR1B
Timer1TCNT1"1""0""Inv"OC1B  

  

|Timer1| Stop Timer1 
Start Timer1 

|Timer1 
Enable Ovf1 / Enable Timer0 
Disable Ovf1 / Disable Timer0  

T1_isr On Ovf1 T1_isr 
|Timer1 

Enable Capture1 
Disable Capture1  

Cap1_isr On Capture1 Cpa1_isr 

|Timer1 
Enable Compare1a 
Enable Compare1b 

OC1a/b 
On Compare1a Oc1a 
On Compare1b Oc1b 

Timer1 
Compare1a = Value 
Compare1b = Value  

Timer1 Value = Compare1a 
Value = Compare1b 
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AVR 

Normal Mode 
1MHZ

1uSClock1uSec 

      50mSec        
                =                      =     ×      ×   =  .      = 50000          

       Timer0
255Timer1 

50mS 

 

 
$regfile = "m8def.dat" 
$crystal = 1000000 
$baud = 4800 
'----------------------- 
Config Timer1 = Timer , Prescale = 1 
Start Timer1 
 
Config Portb.0 = Output 
Led Alias Portb.0 
'----------------------- 
Do 
   If Timer1 >= 50000 Then 
      Stop Timer1 
         Toggle Led 
         Timer1 = 0 
      Start Timer1 
   End If 
Loop 
End 

 

  5x10ms=50ms 



  
 

 162  
 

Overflow 


fOSC, Prescaler, N


      “1OVF1 or 2OVF0”     
“TIFR”CPU

“1”Tifr.x3 = 1 

“1”
[Tifr.x = 1]        = 2   −  1  

                
Maximum Timer Period   = 2                

• N=8, 16 
• fOSC 
• Prescaler 

 
                                                             
1 OVF1: Timer/Counter1 Overflow Flag located in TIFR/bit 2, to check or reset this bit: TIFR.2=1 
2 OVF0: Timer/Counter0 Overflow Flag located in TIFR/bit 0, to check or reset this bit: TIFR.0=1 
3 X = 0 for Timer0, X = 2 for Timer1 

Tifr.x=1 

Tim
er 

Timer=0 

Timer = Max 
T0_Max= 255, T1_Max= 65536 
 

Ti
m

er
 =

 0
 

Start Timer 
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   65536µSec    
Timer1 65536     

1MHZ 

 

$regfile = "m8def.dat" 
$crystal = 1000000 
$baud = 4800 
'----------------------- 
Config Timer1 = Timer, 
Prescale = 1 
Start Timer1 
 
Config Portb.0 = Output 
Led Alias Portb.0 
'----------------------- 
Do 
   If Tifr.2 = 1 Then 
      Tifr.2 = 1 
      Stop Timer1 
         Toggle Led 
      Start Timer1 
   End If 
Loop 
End 

 

Overflow INT 
 Hardware

TIFR 

 

         
 

 65536µSec
Timer165536

1MHZ 

 

$regfile = "m8def.dat" 
$crystal = 1000000  
'----------------------- 
Config Timer1 = Timer , 
Prescale = 1 
Enable Ovf1 
On Ovf1 T1_isr 
Enable Interrupts 
 
Config Portb.0 = Output 
Led Alias Portb.0 
 
Dim Flag As Bit 
Start Timer1 
'----------------------- 
Do 
   If Flag = 1 Then 
     Reset Flag 
     Toggle Led 
     Start Timer1 
   End If 
Loop 
End 
'----------------------- 
T1_isr: 
   Stop Timer1 : Set Flag 
Return 

65536us 

65536us 
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CTCOCR Mode 

Timer0    OCR0   Timer1  
OCR1A, OCR1BTimer2OCR2 

              
TCNTnTCNT=OCRnx

OCFnx 

“1”WGM12=1 TCCR1B 

            =      ×                    

      OCR1AL, OCR1AH            

  Timer1
1Sec1MHZ64 

          =      ×      =        


156201Sec 

 

$regfile = "m8def.dat" 
$crystal = 1000000 
'----------------------- 
Config Timer1 = Timer , 
Prescale = 64                       
Compare1a = 15625                
Set Tccr1b.3                                                
 
Config Portb.0 = Output 
Led Alias Portb.0 
 
Start Timer1 
'----------------------- 
Do 
   If Tifr.4 = 1 Then                                       
      Stop Timer1 
      Timer1 = 0 
      Toggle Led 
      Tifr.4 = 1 
      Start Timer1 
   End If 
Loop 
End 
'----------------------- 

 

Overflow 
Interrupt 0 Max 

1Sec 
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CTC Mode using Interrupt 


Tifr.4 

     OCIEnx   Tifr.4
OCF1A 

  Timer1
1Sec1MHZ64 

          =      ×      =        

          
  15620    1Sec 

1Sec 

 

$regfile = "m8def.dat" 
$crystal = 1000000 
'----------------------- 
Config Timer1 = Timer , 
Prescale=64,Clear Timer=1 
On Compare1a Timer1_isr 
Compare1a = 15625 
Enable Compare1a 
 
Config Portb.0 = Output 
Led Alias Portb.0 
 
Dim Flag As Bit 
Start Timer1 
Enable Interrupts 
'----------------------- 
Do 
   If Flag = 1 Then 
      Reset Flag 
      Toggle Led 
      Start Timer1 
   End If 
Loop 
'----------------------- 
Timer1_isr: 
   Stop Timer1 : Set Flag   
Return 

 

Start Timer 

TCNT1  

Timer=0 

OCR1A 

Timer1Max  
65536 

OCR1A=  
15620 

TCNT1 
= 

OCR1A 

Tifr.4=1 

1Sec 
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OCR1AOCR1B 
 

    Timer1
    1Sec  OC1A

  2Sec  OC1B  
Pinb.0 

1MHZ64 

          =      ×      =        

          =      ×      =        

 

$regfile = "m8def.dat" 
$crystal = 1000000 
'----------------------- 
Config Timer1 = Timer ,  
Compare A= Toggle, Compare B= Toggle 
, Prescale = 64 
Compare1a = 15625                                           
Compare1b = 31250                                           
On Compare1a Oc1a 
On Compare1b Oc1b 
Enable Compare1a 
Enable Compare1b 
 
Config Portb.0 = Output 
Led Alias Portb.0 
 
Dim Flag1 As Bit , Flag2 As Bit 
Start Timer1 
Enable Interrupts 
'----------------------- 
Do 
   If Flag1 = 1 Then 
      Reset Flag1 : Toggle Led 
   End If 
   If Flag2 = 1 Then 
      Reset Flag2 : Toggle Led       
      Timer1 = 0 : Start Timer1 
   End If 
Loop 
End 
'----------------------- 
Oc1a: 
   Set Flag1 
Return 
'----------------------- 
Oc1b: 
   Set Flag2 : Stop Timer1 
Return 

 
 

OC1B 

OC1A 

LED 
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CTC Overflow Mode 

  
  

TimerxMAX 




 
        

       _   =    −      ×                    

          

          =                   −        _      

Timer1
1Sec1MHZ64 

         =      −      ×      =         

 

$regfile = "m8def.dat" 
$crystal = 1000000 
'----------------------- 
Config Timer1 = Timer , 
Prescale=64 
On Timer1 Timer1_isr 
Timer1 = 49911 
Enable Timer1 
 
Config Portb.0 = Output 
Led Alias Portb.0 
 
Dim Flag As Bit 
Start Timer1 
Enable Interrupts 
'----------------------- 
Do 
   If Flag = 1 Then 
      Reset Flag 
      Toggle Led 
      Start Timer1 
   End If 
Loop 
End 
'----------------------- 
Timer1_isr: 
   Stop Timer1 
   Set Flag 
   Timer1 = 49911 
Return 

1Sec 

Overflow 

Interrupt 

Start 

49911 

Max 
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Capture Mode 
Timer1ICP

Capture
Timer1TCCR1Capture1ICR1 

 1  0 
Max  

 

 

$regfile = "m8def.dat" 
$crystal = 1000000 
$baud = 4800 
'---------------------- 
Config Timer1 = Timer, Capture Edge = Rising 
, Noise Cancel = 1 , Prescale = 1024 
Start Timer1 
 
Config Pinb.0 = Input 
Portb.0 = 1 
'---------------------- 
Do 
   Print "Timer: " ; Timer1 
   Print "Icr1l: " ; Icr1l 
   Print "Icr1H: " ; Icr1h 
   Print "Capture: " ; Capture1 
   Print "--------------" 
Loop 
End 

 
Capture Mode Interrupt 

ICPTimer1
TCCR1     Capture1)ICR1(     

 

Tifr.2=1 

 
 
 
 

TCNT1  

Timer1Max  
65536 

TCNT = 49911 

Start Timer 



Practical Class 8 Programming Microcontrollers 
 

Faculty of Electrical and Electronic Eng. 169 Automatic Control & Automation Dept. 
 

  1  0 
Max  


      


      

 

 

$regfile = "m8def.dat" 
$crystal = 1000000 
$baud = 4800 
'---------------------- 
Config Timer1 = Timer , Capture Edge = 
Rising , Noise Cancel = 1 , Prescale = 1024 
Enable Interrupts 
Enable Capture1 
Start Timer1 
On Icp1 Timer1_cpa_isr 
 
Config Pinb.0 = Input 
Portb.0 = 1 
'---------------------- 
Do 
   nop 
Loop 
End 
'---------------------- 
Timer1_cpa_isr: 
   Stop Timer1 
   Disable Capture1 
 
   Print "Timer: " ; Timer1 
   Print "Captr: " ; Capture1 
 
   Capture1 = 0 : Timer1 = 0 
   Enable Capture1 
   Start Timer1 
Return 

Counters 
 

        To, T1    
 

T0, T1
                

TCNTx 

T0   Timer0   
255 

T1Timer1
65535 
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 Counter1Conter0 Normal Mode 
)1(     T0  

255 

 

$regfile = "m8def.dat" 
$crystal = 1000000 
$baud = 4800 
'---------------------- 
Config Timer0 = Counter , Edge = Falling 
Start Timer0 
Tcnt0 = 0 
'---------------------- 
Do 
   nop 
   Print Counter0 
Loop Until Tcnt0 >= 255 
End 
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)2(T01Sec
        

255HZ 

 

$regfile = "m8def.dat" 
$crystal = 1000000 
$baud = 4800 
'---------------------- 
Config Timer0 = Counter , Edge = Falling 
, Prescale = 1 
Stop Timer0 
Config Pind.4 = Input 
'---------------------- 
Do 
   Counter0 = 0 
      Start Counter0 
         Waitms 1000 
      Stop Counter0 
  Print "Counter0: " ; Counter0 ; "HZ" 
Loop 

 Counter1Overflow Counter0 Interrupt 
)3(    

    T0 
1Sec

      
      >255

     
 

$regfile = "m8def.dat" 
$crystal = 1000000 
$baud = 4800 
'---------------------- 
Config Timer0 = Counter , Edge = Falling , 
On Timer0 Counter0_isr 
Enable Timer0 
Enable Interrupts 
'---------------------- 
Dim Count As Word , Fereq As Long 
 
Do 
   Start Timer0 
   Waitms 1000 
   Stop Timer0 
   Fereq = Count * 255 
   Fereq = Fereq + Timer0 
   Print "Fereq= " ; Fereq 
   Timer0 = 0 : Count = 0 
Loop 
End 
'---------------------- 
Counter0_isr: 
   Incr Count 
Return 
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 Counter1 Overflow Counter0 Interrupt 
)4(    

      

     

“100”“155”
 

     Counter0
10 

$regfile = "m8def.dat" 
$crystal = 1000000 
$baud = 4800 
'---------------------- 
Config Timer0 = Counter , Edge = Falling , 
Prescaler = 1 
Timer0 = 255 - 10 
Enable Timer0 
Enable Interrupts 
On Timer0 Counter0_isr 
'---------------------- 
Dim Count As Byte 
Do 
   nop 
Loop 
End 
'---------------------- 
Counter0_isr: 
   Load Timer0 , 10 
   Incr Count 
   Print "Count=" ; Count 
Return 

Counter1Capture Mode 
Counter1Counter0 
§  

§  

§  
 

)5( 10
Max  

 

 

$regfile = "m8def.dat" 
$crystal = 1000000 
$baud = 4800 
'---------------------- 
Config Timer1 = Counter , Prescale = 1024 , 
Edge = Rising , Capture Edge = Falling , 
Noise Cancel = 1 
Start Timer1 
Config Pinb.0 = Input 
Portb.0 = 1 
'---------------------- 
Do 
   Print "Timer: " ; Counter1 
   Print "Icr1l: " ; Icr1l 
   Print "Icr1H: " ; Icr1h 
   Print "Capture: " ; Capture1 
Loop 
End 
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Counter1Capture Mode Interrupt 
)6( Counter1  

T1
       

     

      

 

 

$regfile = "m8def.dat" 
$crystal = 1000000 
$baud = 4800 
'---------------------- 
Config Timer1 = Counter , Edge = Falling , 
Capture Edge = Falling , Noise Cancel = 1 , 
Prescale = 1 
Enable Timer1 
Enable Capture1 
On Capture1 Ctr1_cpa_isr 
Enable Interrupts 
 
Config Pinb.0 = Input 
Portb.0 = 1 
'---------------------- 
Do 
   nop 
Loop 
End 
'---------------------- 
Ctr1_cpa_isr: 
   Stop Counter1 
   Disable Capture1 
 
   Print "Counter1: " ; Counter1 
   Print "Capture1: " ; Capture1 
 
   Enable Capture1 
   Start Counter1 
Return 

Counter1Counter1 OC Mode 
)7(:Counter1 

     
Prescaler    

     
Compare1a    OC1A
~13uS38Khz 

$regfile = "m8def.dat" 
$crystal = 8000000 
'---------------------- 
Config Timer1 = Counter , Edge = Rising , 
Prescale = 8 , Compare A = Toggle 
Compare1a = 102 
 
Config Portb.1 = Output 
'---------------------- 
Do 
   nop 
Loop 
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Timer1 & Timer0 
Timer020uS           = 2              =  256    .    = 20      

1Sec          =                    =            = 500000  

50000Timer0Cnt = 49999Cnt=0 

 Timer1T1
1Sec 

Timer165536
 

 
$regfile = "m8def.dat" 
$crystal = 12800000                            ' External 12.8MHZ 
$baud = 4800 
'---------------------- 
Config Timer1 = Counter , Edge = Rising , Noise Cancel = 1 
Config Timer0 = Timer , Prescale = 1                        '20uS 
On Timer0 Timer0_isr 
On Timer1 Timer1_isr 
Stop Timer0 
Stop Counter1 
 
Config Pind.5 = Input 
'---------------------- 
Dim Frequency As Long , Flag As Bit , Overflow As Byte , Cnt As Word 
'---------------------- 
Enable Timer0 
Enable Timer1 
Enable Interrupts 
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Print "Frequency Counter" 
Main: 
Counter1 = 0 : Overflow = 0 : Cnt = 49999 
'---------------------- 
Start Timer0 
Start Counter1 
'---------------------- 
Do 
   If Flag = 1 Then 
      Reset Flag 
 
      Frequency = Overflow * 65536 
      Frequency = Frequency + Counter1 
 
      Print "Frequency= " ; Frequency ; " HZ" 
      Goto Main 
   End If 
Loop 
'---------------------- 
 
Timer1_isr: 
   Incr Overflow 
Return 
'---------------------- 
Timer0_isr: 
   If Cnt <> 0 Then 
      Decr Cnt 
   Else 
      Stop Counter1 
      Stop Timer0 
      Set Flag 
   End If 
Return 
'---------------------- 
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1nF~100uF 


“0”               
50KΩ 

             2.7V
 

 
 

 

$regfile = "m8def.dat" 
$crystal = 8000000 
$baud = 4800 
'---------------------- 
Dim T As Long , C As Single 
'---------------------- 
Do 
   T = 0 
   Config Pinb.0 = Output                          
   Portb.0 = 0  'Low Z, 0V 
 
   Waitms 1000 
 
   Config Pinb.0 = Input           
   Portb.0 = 1                                     
 
   Do 
      T = T + 1 
   Loop Until Pinb.0 = 1 
 
   C = T * 0.0866 
   C = Round(c) 
   Print C ; " nF" 
Loop 
End 

    
2.7V 


 

~2.7V 


