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LAMPIRAN B
PROGRAM MICROCONTROLLER ATMEGA 16
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This program was produced by the

CodeWizardAVR V1.25.3 Standard

Automatic Program Generator

© Copyright 1998-2007 Pavel Haiduc, HP InfoTech s.r.1.
http://www.hpinfotech.com

Project :

Version :

Date :1/29/2010
Author : FACG
Company : F4CG

Comments:

Chip type : ATmegal6
Program type : Application
Clock frequency :11.059200 MHz
Memory model : Small

External SRAM size : 0
Data Stack size : 256

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

#include <megal 6.h>
unsigned int a,b,c,d,e;

// Standard Input/Output functions
#include <stdio.h>

// Timer 1 overflow interrupt service routine
interrupt [TIM1_OVF] void timerl _ovf isr(void)
{

// Place your code here

if(c<1) b=-3;

else if(c<42,5) b=-2;

else if(c<85) b=-1;

else if(c<127,5) b=0;

else if(c<170) b=1;

else if(c<212,5) b=2;

else b=3;

if(d<1) a=0;
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else if(d<14) a=1;
else if(d<28) a=2;
else if(d<42) a=3;
else a=4;
printf("%d#%d",a,b);
d=0;

h

#define ADC_VREF TYPE 0x20

// Read the 8 most significant bits

// of the AD conversion result

unsigned char read _adc(unsigned char adc_input)
{

ADMUX=adc_input | (ADC_VREF _TYPE & 0xff);
// Start the AD conversion

ADCSRAJ=0x40;

/I Wait for the AD conversion to complete

while ((ADCSRA & 0x10)==0);
ADCSRA|=0x10;

return ADCH;

}

/I Declare your global variables here

void main(void)

{

// Declare your local variables here

// Input/Output Ports initialization

// Port A initialization

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Func1=In FuncO=In
// State7=T State6=T State5=T State4=T State3=T State2=T State1=T State0=T
PORTA=0x00;

DDRA=0x00;

// Port B initialization

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Func1=In FuncO=In
// State7=T State6=T State5=T State4=T State3=T State2=T State]1=T StateO=P
PORTB=0x01;

DDRB=0x00;

// Port C initialization

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Func1=In FuncO=In
// State7=T State6=T State5=T State4=T State3=T State2=T Statel1=T StateO=T
PORTC=0x00;
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DDRC=0x00;

// Port D initialization

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In FuncO=In
// State7=T State6=T State5=T Stated=T State3=T State2=T Statel1=T StateO=T
PORTD=0x00;

DDRD=0x00;

// Timer/Counter 0 initialization
/I Clock source: System Clock
// Clock value: Timer O Stopped
/I Mode: Normal top=FFh

// OCO output: Disconnected
TCCRO=0x00;

TCNTO0=0x00;

OCRO0=0x00;

// ' Timer/Counter 1 initialization
/I Clock source: System Clock

/I Clock value: 43.200 kHz

/Il Mode: Normal top=FFFFh

/I OCIA output: Discon.

/I OC1B output: Discon.

/I Noise Canceler: Off

// Input Capture on Falling Edge
// Timer 1 Overflow Interrupt: On
// Input Capture Interrupt: Off

// Compare A Match Interrupt: Off
// Compare B Match Interrupt: Off
TCCR1A=0x00;

TCCR1B=0x04;

TCNT1H=0x00;

TCNT1L=0x00;

ICR1H=0xAS;

ICR1L=0xCO0;

OCRI1AH=0x00;
OCRIAL=0x00;
OCRI1BH=0x00;
OCRI1BL=0x00;

// Timer/Counter 2 initialization
/I Clock source: System Clock
/I Clock value: Timer 2 Stopped
/I Mode: Normal top=FFh

/' OC2 output: Disconnected
ASSR=0x00;
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TCCR2=0x00;
TCNT2=0x00;
OCR2=0x00;

// External Interrupt(s) initialization
/' INTO: Off

/I INT1: Off

/I INT2: Off

MCUCR=0x00;

MCUCSR=0x00;

// Timer(s)/Counter(s) Interrupt(s) initialization
TIMSK=0x04;

/I USART initialization

/I Communication Parameters: 8 Data, 1 Stop, No Parity
/I USART Receiver: On

/I USART Transmitter: On

/I USART Mode: Asynchronous
/I USART Baud rate: 9600
UCSRA=0x00;

UCSRB=0x18;

UCSRC=0x86;

UBRRH=0x00;

UBRRL~=0x47;

// Analog Comparator initialization

/I Analog Comparator: Off

/I Analog Comparator Input Capture by Timer/Counter 1: Off
ACSR=0x80;

SFIOR=0x00;

/I ADC initialization

/I ADC Clock frequency: 691.200 kHz
/I ADC Voltage Reference: AREF pin
/I ADC Auto Trigger Source: None
ADMUX=ADC VREF TYPE & 0xff;
ADCSRA=0x84;

// Global enable interrupts
#asm("sei")

while (1)
{

// Place your code here
PINB.O=¢;
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if(PINB.O!=¢) d++;
while(PINB.0!=¢)
{

}
c=read adc(0);
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LAMPIRAN C
CODE VISUAL BASIC

Form 1

‘ mengatur pergerakan mobil

Private Sub Form_ Load()
MSComm1.CommPort = 1
MSComm1.RThreshold = 20
MSComm]1.SThreshold = 1
MSComml.Settings = "115200,n,8,1"
MSCommIl.PortOpen = True
MSComm1.DTREnable = True

rtb. Text=""
End Sub

Private Sub MSComm1_OnComm()
Dim SEMENTARA As Variant

SEMENTARA = MSComm|.Input
rtb. Text = SEMENTARA

Data = Split(SEMENTARA, "#")

Private Sub Textl Change()
Text1.SelStart = 0

Textl.SelLength = Len(Text1.Text)
Textl.SetFocus

End Sub

Private Sub Text2 Change()
Dim a, b, ¢ As String

Text2.SelStart = 0
Text2.SelLength = Len(Text1.Text)
Text2.SetFocus

If Text]l.Text = 0 Then
Form1.Shapel.Left = Form1.Shapel.Left
Form1.Shapel.Top = Form1.Shapel.Top

Elself Textl.Text = 1 Then
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If Text2.Text =-3 Then

Form1.Shapel.Left = Form1.Shapel.Left - 50
Elself Text2.Text = -2 Then

Form1.Shapel.Top = Form1.Shapel.Top - 25

Form1.Shapel.Left = Form1.Shapel.Left - 50
Elself Text2.Text =-1 Then

Form1.Shapel.Top = Form1.Shapel.Top - 75

Form1.Shapel.Left = Form1.Shapel.Left - 50
Elself Text2.Text = 0 Then

Form1.Shapel.Top = Form1.Shapel.Top - 50
Elself Text2.Text = 1 Then

Form1.Shapel.Top = Form1.Shapel.Top - 50

Form1.Shapel.Left = Form1.Shapel.Left + 25
Elself Text2.Text =2 Then

Form1.Shapel.Top = Form1.Shapel.Top - 50

Form1.Shapel.Left = Form1.Shapel.Left + 75
Elself Text2.Text = 3 Then

Form1.Shapel.Left = Form1.Shapel.Left + 50
End If

Elself Textl.Text = 2 Then

If Text2.Text =-3 Then
Form1.Shapel.Left = Form1.Shapel.Left - 50
Form1.Shapel.Left = Form1.Shapel.Left - 50
Elself Text2.Text = -2 Then
Form1.Shapel.Top = Form1.Shapel.Top - 25
Form1.Shapel.Left = Form1.Shapel.Left - 50
Form1.Shapel.Top = Form1.Shapel.Top - 25
Forml1.Shapel.Left = Form1.Shapel.Left - 50
Elself Text2.Text =-1 Then
Form1.Shapel.Top = Form1.Shapel.Top - 75
Form1.Shapel.Left = Form1.Shapel.Left - 50
Form1.Shapel.Top = Form1.Shapel.Top - 75
Form1.Shapel.Left = Form1.Shapel.Left - 50
Elself Text2.Text = 0 Then
Form1.Shapel.Top = Form1.Shapel.Top - 50
Form1.Shapel.Top = Form1.Shapel.Top - 50
Elself Text2.Text = 1 Then
Form1.Shapel.Top = Form1.Shapel.Top - 50
Form1.Shapel.Left = Form1.Shapel.Left + 25
Form1.Shapel.Top = Form1.Shapel.Top - 50
Form1.Shapel.Left = Form1.Shapel.Left + 25
Elself Text2.Text =2 Then
Form1.Shapel.Top = Form1.Shapel.Top - 50
Form1.Shapel.Left = Form1.Shapel.Left + 75
Form1.Shapel.Top = Form1.Shapel.Top - 50
Form1.Shapel.Left = Form1.Shapel.Left + 75
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Elself Text2.Text = 3 Then
Form1.Shapel.Left = Form1.Shapel.Left + 50
Form1.Shapel.Left = Form1.Shapel.Left + 50
End If
Elself Textl.Text = 3 Then
If Text2.Text =-3 Then
Form1.Shapel.Left = Form1.Shapel.Left - 50
Form1.Shapel.Left = Form1.Shapel.Left - 50
Form1.Shapel.Left = Form1.Shapel.Left - 50
Elself Text2.Text = -2 Then
Form1.Shapel.Top = Form1.Shapel.Top - 25
Form1.Shapel.Left = Form1.Shapel.Left - 50
Form1.Shapel.Top = Form1.Shapel.Top - 25
Form1.Shapel.Left = Form1.Shapel.Left - 50
Form1.Shapel.Top = Form1.Shapel.Top - 25
Form1.Shapel.Left = Form1.Shapel.Left - 50
Elself Text2.Text =-1 Then
Form1.Shapel.Top = Form1.Shapel.Top - 75
Form1.Shapel.Left = Form1.Shapel.Left - 50
Form1.Shapel.Top = Form1.Shapel.Top - 75
Form1.Shapel.Left = Form1.Shapel.Left - 50
Form1.Shapel.Top = Form1.Shapel.Top - 75
Form1.Shapel.Left = Form1.Shapel.Left - 50
Elself Text2.Text = 0 Then
Form1.Shapel.Top = Form1.Shapel.Top - 50
Form1.Shapel.Top = Form1.Shapel.Top - 50
Form1.Shapel.Top = Form1.Shapel.Top - 50
Elself Text2.Text = 1 Then
Form1.Shapel.Top = Form1.Shapel.Top - 50
Form1.Shapel.Left = Form1.Shapel.Left + 25
Form1.Shapel.Top = Form1.Shapel.Top - 50
Form1.Shapel.Left = Form1.Shapel.Left + 25
Form1.Shapel.Top = Form1.Shapel.Top - 50
Form1.Shapel.Left = Form1.Shapel.Left + 25
Elself Text2.Text =2 Then
Form1.Shapel.Top = Form1.Shapel.Top - 50
Form1.Shapel.Left = Form1.Shapel.Left + 75
Form1.Shapel.Top = Form1.Shapel.Top - 50
Form1.Shapel.Left = Form1.Shapel.Left + 75
Form1.Shapel.Top = Form1.Shapel.Top - 50
Form1.Shapel.Left = Form1.Shapel.Left + 75
Elself Text2.Text = 3 Then
Form1.Shapel.Left = Form1.Shapel.Left + 50
Form1.Shapel.Left = Form1.Shapel.Left + 50
Form1.Shapel.Left = Form1.Shapel.Left + 50
End If
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Elself Textl.Text =4 Then

If Text2.Text =-3 Then
Forml1.Shapel.Left = Form1.Shapel.Left - 50
Form1.Shapel.Left = Form1.Shapel.Left - 50
Form1.Shapel.Left = Form1.Shapel.Left - 50
Form1.Shapel.Left = Form1.Shapel.Left - 50

Elself Text2.Text = -2 Then
Form1.Shapel.Top = Form1.Shapel.Top - 25
Form1.Shapel.Left = Form1.Shapel.Left - 50
Form1.Shapel.Top = Form1.Shapel.Top - 25
Form1.Shapel.Left = Form1.Shapel.Left - 50
Form1.Shapel.Top = Form1.Shapel.Top - 25
Form1.Shapel.Left = Form1.Shapel.Left - 50
Form1.Shapel.Top = Form1.Shapel.Top - 25
Form1.Shapel.Left = Form1.Shapel.Left - 50

Elself Text2.Text =-1 Then
Form1.Shapel.Top = Form1.Shapel.Top - 75
Form1.Shapel.Left = Form1.Shapel.Left - 50
Form1.Shapel.Top = Form1.Shapel.Top - 75
Form1.Shapel.Left = Form1.Shapel.Left - 50
Form1.Shapel.Top = Form1.Shapel.Top - 75
Form1.Shapel.Left = Form1.Shapel.Left - 50
Form1.Shapel.Top = Form1.Shapel.Top - 75
Form1.Shapel.Left = Form1.Shapel.Left - 50

Elself Text2.Text = 0 Then
Form1.Shapel.Top = Form1.Shapel.Top - 50
Form1.Shapel.Top = Form1.Shapel.Top - 50
Form1.Shapel.Top = Form1.Shapel.Top - 50
Form1.Shapel.Top = Form1.Shapel.Top - 50

Elself Text2.Text = 1 Then
Form1.Shapel.Top = Form1.Shapel.Top - 50
Form1.Shapel.Left = Form1.Shapel.Left + 25
Form1.Shapel.Top = Form1.Shapel.Top - 50
Form1.Shapel.Left = Form1.Shapel.Left + 25
Form1.Shapel.Top = Form1.Shapel.Top - 50
Form1.Shapel.Left = Form1.Shapel.Left + 25
Form1.Shapel.Top = Form1.Shapel.Top - 50
Form1.Shapel.Left = Form1.Shapel.Left + 25

Elself Text2.Text =2 Then
Form1.Shapel.Top = Form1.Shapel.Top - 50
Form1.Shapel.Left = Form1.Shapel.Left + 75
Form1.Shapel.Top = Form1.Shapel.Top - 50
Form1.Shapel.Left = Form1.Shapel.Left + 75
Form1.Shapel.Top = Form1.Shapel.Top - 50
Form1.Shapel.Left = Form1.Shapel.Left + 75
Form1.Shapel.Top = Form1.Shapel.Top - 50
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Forml1.Shapel.Left = Form1.Shapel.Left + 75
Elself Text2.Text = 3 Then

Form1.Shapel.Left = Form1.Shapel.Left + 50

Form1.Shapel.Left = Form1.Shapel.Left + 50

Form1.Shapel.Left = Form1.Shapel.Left + 50

Form1.Shapel.Left = Form1.Shapel.Left + 50
End If

End If
End Sub

Form 2
‘printscreen gambar

Private Function PrintScreen(PictureBox As PictureBox) As Boolean
On Error GoTo ErrorTrap
Clipboard.Clear
DoEvents

'0 = layar, 1 = form
keybd event vbKeySnapshot, 0, 0&, 0&

DoEvents

Set PictureBox.Picture = Clipboard.GetData(0)
DoEvents

'Clipboard.Clear

PrintScreen = True

ErrorTrap:
End Function

Private Sub ArrangeScrollBars()
Dim have wid As Single, have hgt As Single
Dim need wid As Single, need hgt As Single
Dim need_hbar As Boolean, need vbar As Boolean

On Error Resume Next
If WindowState = vbMinimized Then Exit Sub

need wid = piclnner.Width + (picOuter. Width - picOuter.ScaleWidth)
need hgt = piclnner.Height + (picOuter.Height - picOuter.ScaleHeight)
have wid = picOuter. Width

have hgt = picOuter.Height

need hbar = (need wid > have wid)

If need hbar Then have hgt = have hgt - HBar.Height
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need vbar = (need hgt > have hgt)
If need_vbar Then
have wid =have wid - VBar.Width
If Not need_hbar Then
need hbar = (need_wid > have wid)
If need hbar Then have hgt =have hgt - HBar.Height
End If
End If

picOuter.Move picOuter.Left, picOuter.Top, have wid, have hgt

If need hbar Then
HBar.Move picOuter.Left, have hgt, have wid
HBar.Min =0
HBar.Max = picOuter.ScaleWidth - piclnner. Width
HBar.LargeChange = picOuter.ScaleWidth
HBar.SmallChange = picOuter.ScaleWidth / 5
HBar.Visible = True

Else
HBar.Visible = False

End If

If need vbar Then
VBar.Move picOuter.Left + picOuter. Width, picOuter.Top, VBar.Width, have hgt
VBar.Min= 0
VBar.Max = picOuter.ScaleHeight - piclnner.Height
VBar.LargeChange = picOuter.ScaleHeight
VBar.SmallChange = picOuter.ScaleHeight / 5
VBar.Visible = True
Else
VBar.Visible = False
End If

End Sub

Private Sub Timerl Timer()
Dim tekan As Integer

'l. capture gambar

SaveFormImageToFile Form1, Picturel, "C:\MMS.bmp"

'ubah format bmp ke jpeg

PicFormat321.SaveBmpTolJpeg "C:\MMS.bmp", "C:\MMS.jpg", "65"
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' kirim MMS:
MousePointer = vbHourglass
TextResult. Text =""

' Device Properties
objMm1Protocol.Device = ComboDevice. Text

' Server Properties

objMm1Protocol.ProviderMMSC = "http://mmsc.indosat.com"
objMm1Protocol.ProviderAPN = "indosatmms"
objMm1Protocol.ProviderWAPGateway = "010.019.019.019"
objMm1Protocol.ProviderAPNAccount = "indosat"
objMm1Protocol.ProviderAPNPassword = "indosat"

'LogFile
objMm1Protocol.LogFile = TextLogfile. Text

'Message Properties

objMmsMessage.Clear
objMmsMessage.AddRecipient Text3.Text 'kirim ke nomor tujuan
objMmsMessage.Subject = "MMS"

objMmsSlide.Duration = 5

objMmsSlide. AddAttachment "c:\MMS. jpg"
objMmsSlide.AddText
objMmsMessage.AddSlide objMmsSlide

objMm1Protocol.Connect
TextResult.Text = "ERROR #" & objMm1Protocol.LastError & " : " &
objMm1Protocol.GetErrorDescription(objMm1Protocol.LastError)
TextResponse.Text = objMm1Protocol.ProviderResponse
If (objMm1Protocol.LastError = 0) Then
objMm1Protocol.Send objMmsMessage
TextResult.Text = "ERROR #" & objMm1Protocol.LastError & " : " &
objMm1Protocol.GetErrorDescription(objMm1Protocol.LastError)

TextResponse.Text = objMm1Protocol.ProviderResponse

objMm1Protocol.Disconnect
End If
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MousePointer = vbDefault

End Select

End Sub
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LAMPIRAN D
DATA SHEET

=
FAIRCHILD

SEMICONDUICTOR®

www.fairchildsemi.com

MC78XX/LM78XX/MC78XXA

3-Terminal 1A Positive Voltage Regulator

Features

* Output Currentup to 14

* Output Volrages of 5, 6, 8,9, 10, 12, 1518, 24V
* Themual Overload Protection

* Short Circuit Protection

* Output Transistor Safe Operating Area Protection

Internal Block Digram

Description

The MCTEXSUIMTEIOIMCTEITIA series of three
tenminal positive regulators are available in the
TO-220D-PAK package and with several fixed ourpus
voliages, makmg them useful in a wide range of
applications. Each type employs intemal cwvent limitng,
thenual shur down and safe operaung area protecton,
making it essennally indestructible. If adeguate heat sinking
iz provided they can deliver over 1A owpur cwrent
Although designed primanly as fixed voitage regularors,
these devices can be usad with extermal componsnts to
obtain adjustable voltages and cuvents.
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MCTBXXLMTEXXMCTEXXA

Absolute Maximum Ratings

Parameter Symbol Value Unit
Input Veltage (for VO = 5V to 18V) Vi a5 V
(for VO = 24V) vy 40 v
Thermal Resistance Junction-Cases (TO-220) RaJC 5 Sciw
Thermal Resistance Junction-Air {TO-220) RaJA g5 o°cAaw
Operating Temperature Range TOPR 0~+125 oc
Storage Temperature Range TSTG -85 ~+180 9%

Electrical Characteristics (MC7805/LM7805)
{Refer to test circut 0°C < T) < 125°C. 10 = £00mA, V| = 10V, Ci= 0.33uF, CO= 0.1pF unless otherwise specified)

» MC7805/LM7805 i
Parameter Symbol Conditions - Unit
Min. | Typ. | Max.
TJ=+25°C 48 | 50 | 52
Output Voitage Vo 50mA <= lo = 1.0A, PQ = 15W Vv
V=7V to 20V 4.75 50 | 525
Vo=T - 40 | 1
Line Regulation (Note1) Regiine | Ty=+250°¢c g=7V o2 ol B B ERE
VI =8Vto 12V - 18 50
i0=50mA to1.5A - = 100
Load Regulation (Note1) Ragload | TJ=+25°C 10 =250mA to m\V
> - 4 50
750mA
Cuiescent Current Iz TJ=+25°C - 50 | 80 mA
10=5mAto 1. - .0 05
CQuiescent Current Change Al 0= S to 104 o mA
VI= 7V 0 25V - 0.2 13
Output Voitage Orift AVO/AT | 10=5mA - -0.8 - | mwoc
Qutput Noise Voltags VN f= 10Hz to 100KHz, TA=+25°C - 42 - nVio
. S f=120Hz ” -
Ripple Rejsction RR VO = 8V 10 18V a2 73 - dB
Dropout Voltage VDrop | 10=1A, Ty=+25°C < 2 - Y
Qutput Resistance {e] f=1KHz - 15 - m
Short Circut Current IsC V| =35V, TA=+25°C - 230 - mA
P=ak Currant Pk | Ty=+25°C - 22 - A
Note:

1. Load and ine regulation are specified 3t constant junction temperature. Changes in Vo due o heating effects must be taken
into account separate’y. Pulss testing with low duty is used.
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MC7BXXLNTEXUMCTEXXA

Electrical Characteristics (MC7805A)
(Rafer to the test circuts. 0°C < T) < 125°C, lp =1A. V 1= 10V, C |=0.32pF, C 0=0.7pF unless otherwise specfied)

Parameter Symbol Conditions Min. | Typ. | Max. Unit
Ty=+25°C 49 5 5.1
Outout Voitage VO [Io=5mAo 1A POS 15W s 5 5.2 v
V)= 7.5V to 20V : 7
VI=7.5V to 25V
10 = 500mA N i 5a
Line Regulaton (Note1) Regiine | VI=8V 1o 12V ~ 3 50 mv
& V= 7.3V to 20V - 5 50
Ty=#25°C
VI= 8V 1o 12V ~ 15 25
= 0,
Load Reguiation (Note1) :g-gﬁA?o 1.54 ] S w
oad Reguiation & =3 =
Regload: [ TmAl 1A 2 g | 10 | ™
10 = 250mA to 7E0mA - 4 50
Quiescent Current a TJ=+25°C - 5.0 3 mA
. I0=5mA to 1A - - 0.5
8:;5‘;"' Cormat sa  [Wi=8Vio2sv Io=200mA - - | 08 | ma
Vi=75V 020V, T)=+25°C = - 0.8
Output Voltage Drift AVIAT | lo=8mA - 0.8 - mv! °C
Outout Noise Voltage N B R - e - | v
Ripple Rejection RR {,T ey o - 83 - B
Dropout Voltage VDrop | I0=1A, TJ=+25°%C - 2 - v
Output Resistance o f=1KHz - 17 - mQ
Short Circut Current IsC Vi= 35V, TA =+25°C z 250 - mA
Peak Current 17K Ti=+25°C = 22 - A

Note:
1. Load and line reguation are specified at constant juncton temperaturs. Changs in Vo due 10 heating effecis must be taken
into account separately. Pulse testing with Jow duty is used.
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MC7BXXULMTEXOCMCTEXXA

Typical Perfomance Characteristics
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Figure 1. Quiescent Current
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Figure 3. Output Voltage
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MCTEULMTBXUMCTEXXA

Typical Applications

o MCTEXGLMTERN
npt Ouput
2

1}

5
Ei’
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Figure 6. Load Regulation
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Figure 7. Ripple Rejection

Figure 8. Fixed Output Regulator
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MCTEXX/LNTEXUMCTEXXA

MT MCTEXNULMTEXX
c' : o Ve
ons LN

—
1l

Figure 9. Constant Current Regulator

Notes:

(1) To specify an output votage. substitute voitags value for 200" A common ground is required between the input and the
» v:(olfage.ThehputvoitaqenusxremintypicaltyZWabwemeomptnvo!ageemdlinglheiaﬂponomheinput
npp tage.

(2} Ciis required if regulator is located an appreciable distance from power Supply filter.

(3) Co improves stability and transient response.

inpus .

OT | NCTEIOULMTEXX -[- - =3
> )

a Tw.. ]g = T i

Ig 2510

Vo = Vxx(1+R2R1)}+laR2
Figure 10. Circuit for Increasing Output Voltage

npt Cutput
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2 orer
[ " —
Banr <w‘j 2 -—v:tnj co
”

IRI25 'Q
Vo =Vixi1+RaR1)+laR2
Figure 11. Adjustable Output Regulator (7 to 30V)
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Ordering Information

Product Number

Output Voltage Tolerance

Package

Operating Temperature

LM7805CT

=4%

TO-220

0~+125°C

Product Number

Output Voltage Tolerance

Package

Operating Temperature

MC7805CT

MC7806CT

MC7808CT

MC7809CT

MC7810CT

MC7812CT

MC7815CT

MC7818CT

MC7824CT

MC7805CDT

MC7806CDT

MC7808CDT

MC7808CDT

MC7810CDT

MC7812CDT

=4%

TO-220

O-PAK

MC7808ACT

MCT7806ACT

MC7808ACT

MC7308ACT

MC7810ACT

MC7812ACT

MC7815ACT

MC73128ACT

MC7324ACT

=2%

TO-220

0~+125°C

D-7



18-4323; Rev 15; 1/06

MAXIM

+5V-Powered, Multichannel RS-232

General Description

The MAX220-MAX249 family of line driversfreceivers is
intended for all EIA/TIA-232E and V.28/V.24 communica-
tions interfaces, particularly applications where £12V is
not available.

These parts are especially useful in battery-powered sys-
tems, since their low-power shutdown mode reduces
power dissipation to less than S5pW. The MAX225,
MAX233, MAX235, and MAX245/MAX246/MAX247 use
no extemal components and are recommended for appli-
cations where printed circuit board space is critical.

Applications

Portable Computers

Low-Power Modems

Interface Translation
Battery-Powered RS-232 Systemns
Multidrop RS-232 Networks

AutoShutdown and UCSP are trademarks of Maxim Integrated
Products, Inc.

Drivers/Receivers

Next-Generation
Device Features

4 For Low-Voltage, Integrated ESD Applications
MAX3222E/MAX3232E/MAX3237E/MAX3241E/
MAX3246E: +3.0V to +5.5V, Low-Power, Up to
1Mbps, True RS-232 Transceivers Using Four
0.1uF External Capacitors (MAX3246E Available
in a UCSP™ Package)

4 For Low-Cost Applications
MAX221E: £15kV ESD-Protected, +5V, 1pA,
Single RS-232 Transceiver with AutoShutdown™

Ordering Information

PART TEMP RANGE PIN-PACKAGE
MAX220CPE 0°C 10 +70°C 18 Plastic DIP
MAX220CSE 0°C to +70°C 16 Namrow SO
MAX220CWE 0°C to +70°C 16 Wide SO
MAX220C/D 0°C to +70°C Dice*
MAX220EPE -40°C to +85°C 16 Plastic DIP
MAX220ESE -40°C to +85°C 16 Narrow SO
MAX220EWE -40°C to +85°C 16 Wide SO
MAX220EJE -40°C to +85°C 16 CERDIP
MAX220MJE -55°C to +125°C 16 CERDIP

Ordering Information continued at end of data sheet.
*Contact factory for dice specifications.

Selection Table

Power No. of Nominal SHDN Rx

Part Supply RS-232 No. of Cap. Value & Three- Active in Data Rate

Number V) Drivers/Rx Ext.Caps (pF) State SHDN (kb Features

MAX220 +5 202 4 0.0470.33 No — 120 U kra-low-power, ndustry-standard pinout

MAax222 +5 22 4 0.1 Yas — 200 Low-power shutdown

MAX223 (MAX213) +5 45 4 1.0(0.1) Yes v 120 MAX241 and receivers active in shutdown

MAX225 +5 55 0 — Yas v 120 Avalablein SO

MAX230 (MAX20D) +5 50 4 1.0(0.1) Yas — 120 5 drivers with shutdown

MAX231 (MAX201) +5 and 2j2 2 1.0(0.1) No — 120 Standard +5/+12V or battery suppliss;
+7510+132 same functicns as MAX232

MAX232 (MAX202) +5 22 4 1.0(0.1) No — 120(64)  Industry standard

MAX2324 +5 22 4 01 No — 200 Higher slew rats, small caps

MAX233 (MAX203) +5 22 0 - No - 120 No external caps

MAX2334 +5 22 0 — No — 200 No external caps. high slew rate

MAX234 (MAX204) +5 40 4 1.0(0.1) No — 120 Replacss 1482

MAX235 (MAX205) +5 55 0 — Yas - 120 Mo external caps

MAX236 (MAX208) +5 43 4 1.0(0.1) Yes — 120 Shutdown, three stats

MAX237 (MAX20T) +5 53 4 1.0(0.1) No — 120 Complements IBM PC serial port

MAX238 (MAX238) +5 44 4 1.0(0.1) No — 120 Replaces 1452 and 1420

MAX239 (MAX229) +5 and 35 2 1.0(0.1) No — 120 Standsrd +5/+12V or battery suppliss;
+7510+132 single-packaps solution for IBM PC sadial port

MAX240 +5 5% 4 1.0 Yas — 120 DIP or flatpack packags

MAX241 (MAX211) 45 45 4 1.0(0.1) Yas - 120 Complete IBM PC sedal port

MAax242 +5 22 4 0.1 Yas v 200 Separate shutdown and 2nable

MAX243 +5 22 4 0.1 No — 200 Open-lins datection smplifies cabling

MAX244 +5 8/10 4 1.0 No — 120 High slew rats

MAX245 +5 8/10 0 — Yes v 120 High slew rats, int. caps, two shutdown modes

MAX246 +5 8/10 0 - Yoe v 120 High slew rate. int. caps, three shutdown modes

MAxX247 +5 89 0 - Yes v 120 High slew rats, int. caps, nine operating modas

MAX248 +5 83 4 1.0 Yas v 120 High slew rate. selective hali<hip enables

MAX249 +5 6/10 4 1.0 Yas v 120 Avaiable in quad flatpack package

MNMAXI/N Maxim Integrated Products 1

For pricing, dellvery, and ordering Information, please contact MaxIm/Dallas Direct! at
1-888-629-4642, or visit Maxim’s webslte at www.maxim-ic.com.
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MAX220-MAX249

+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243

0.3V to +6V

Supply Voltage (Vo) ..

V+ (Note 1) (Voo - 0.3V) to +14V
V- (Note 1)........ 403V to +14Y
Input Voltages

TIN

RIN (Excapt MAX220) ...

RIN (MAX220).......0.cconimiinieiiiiinieisinnns

TouT (Except MAX220) (Note 2)
Tout (MAX220)

QOutput Voltages
TOUT....... sisaistaniseitbisais +15V
RouT........ -0.3V to (Vg + 0.3V)

Driver/Receiver Output Short Circuited ta GND......... Continuous
Continuous Power Dissipation (Ta = +70°C)
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)..842mW

18-Pin Plastic DIP (derate 11.11mW/°C above +70°C)..880mW
20-Fin Plastic DIP (derate 8.00mW,"C above +70°C) ..440mwW
16-Pin Narrow SO (derate 8.70mW/°C above +70°C)...696mwW
16-Fin Wide SO (derate 9.52mW/°C above +70°C)
18-Pin Wide SO (derate 9.52mW/°C above +70°C)......
20-Pin Wide SO (derate 10.00mW/°C above +70°C)....
20-Pin SS0OP (derate 8.00mW/°C above +70°C) .........
16-Pin CERDIP (derate 10.00mW/*C above +70°C).....
18-Fin CERDIP (derate 10.53mW/"C above +70°C).....
Operating Temperature Ranges

..0°C to +70°C
-40°C to +85°C

Storage Temperature Range........
Lead Temperature (soldering. 10s) (Note 3) ..o +300°C

Note 1: For the MAX220, V+ and V- can have a maximum magnitude of 7V. but their absolute difference cannot exceed 13V.

Note 2: Input voltage measured with Tout in high-impedance state, SHDN or Voo = 0V,
Note 3: Maximum reflow temperature for the MAX2334 is +225°C.

Stressee beyond thoss listed under "Abeciute Maximum Rafings " may cause psrmanent damags to fe devics. Thess ars sirsss ratings only, and functional
cpsration of the dsvice at thess or any cffier condifions bsyond thoss indicated in the cperational escions of e specifications is not implisd. Exposurs to

absofute maximum rating condition s for extended peniods may affsct devics reliabiity.

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243

(Voo = +5V £10%, C1-C4 = 0.1pF, MAX220, C1 = 0.047pF, C2-C4 = 0.33pF, Ta = TMIN to Tmax, unless otherwise noted.)

PARAMETER | CONDITIONS [ mn Ty max | units
RS-232 TRANSMITTERS
Output Voltage Swing All ransmitter outputs loaded with 3k to GND 5 +8 3
Input Logic Thrashold Low 1.4 08 A
. X All devices except MAX220 2 1.4
Input Logic Thrashold High MAX220: Vo = 5.0V 24 A
All axcept MAX220, normal operation 5 40
Legic PullupAnput Current SHDN = 0V, MAX222MAX242, shutdown, HA
MAX220 +0.01 +1
Vcc = 5.5V, SHDN = OV, Vi = +15V,
M%(222:MA><242 et 001 #9
Output Leakaga Cumrent e o =EieY 2001 210 A
MAX220, Vour = =12V +25
Data Rate 200 116 kbps
Transmitter Qutput Rasistance Voo = V4 = V-= 0V, Vout = £2V 300 10M Q
Output Short-Circuit Current VouTt =0V Xoor =0V 7 = mA
MAX220 +50
RS-232 RECEIVERS
. +30
RS-232 Input Voltage Operating Range MAY220 25 \Y
RS-232 Input Threshold Low Voo = 5V Al ecept MAXHA Bom 08, %8 v
MAX243 R2 jy (Nota 4) -3
RS-232 Input Threshold High Voo =5V All axcept MAX243 FEn 1L £ v
MAX243 R2 N (Note 4) -0.5 04
2 MAXIMN




+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)

(Voo = +5V £10%, C1-C4 = D.1pF, MAX220, C1 = 0.047pF, C2-C4 = 0.23pF, Ta = Tpin to Tpax, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
All excapt MAX220MAX242, Voo = SV, no 02 a5 10
hysteresis in SHDN i x '
RS-232 Input Hysterasis v
MAX220 0.3
MAX243 1
. E) 5 7
RS-232 Input Rasistanca Ta = +25°C (MAX220) 2 5 7 K
| =3.2mA 0.2 0.4
TTL/CMOS Output Voltage Low Lol v
louT = 1.6mA (MAX220) 0.4
TTL/CMOS Output Voltaga High louT = -1.0mA 35 Vpg-02 v
TTLICMOS Output Short-Circuit Current 1ooroind Vour = GND = A
| I
HipL Shiort CIrout CUMeNt. I shinkng VouT = Voc 10 20 n
- SHDN = Vi or EN = Yoc (SHDN = OV for
TTL/CMOS Output Leakage Currant MAX222). OV < Vour < Voo +0.05 +10 WA
EN Input Threshold Low MAX242 14 08 v
EN Input Threshold High MAX242 2.0 14 v
Operating Supply Voltage 45 55 \
MAX220 Q.5 2
No load MAX222/MAX232A/MAX2334/ 4 10
Vce Supply Current (SHDN = Vec). MAX242MAX243 N
figuras 5, 8, 11, 10 MAX220 12 B
3kL2 load both
inputs MAX222MAX232A/MAX2334] 15
MAX242MAX243
Ta = +25°C 0.1 10
MAX222/ Ta =0"Cto +70°C 2 50
Shutdown Supply Current A
PRl MAX242 T = 40°C 10 +85°C 2 50 H
Ta =-55°C to +125°C 35 100
SHON Input Leakage Current MAX222/MAX242 +1 HA
SHON Threshold Low MAX222/MAX242 1.4 048 v
SHON Threshold High MAX222/MAX242 2.0 1.4 v
CL = 50pF to MAX222MAX2I2AIMAX233] | {5 a6
2500pF, RL = 3K | pAx242MAX243 =
to 7k, Ve = 5V,
Transition Slew Rate Ta= *255:8' Vius
measured from MAX220 15 3 30.0
+3V to -3V or -3V
MAX222MAX23ZAIMAX233/ 13 a5
PHLT MAX242MAX243 - :
Transmitter Propagation Dalay TLL to MAX220 4 10 s
RS-232 (Normal Operation), Figure 1 MAX 222 MAX2A2AMAX233/ 15 as H
tPLHT MAX242/MAX243 : :
MAX220 5 10
Note 4: MAX243 R2ouT is guaranteed to be low when R2iN is = OV or is floating.
MAXIMN 3
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MAX220-MAX249

+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)
(Voo = +5V £10%, C1-C4 = 0.1uF, MAX220, C1 = 0.047pF, C2-C4 = 0.23pF, Ta = TMIN to Tmax, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
MAX222MAX232A/MAKX233/ 05 4
PHLR MAX242MAX243 ;
Receiver Propagation Delay RS-232 to MAX220 0.6 3 e
TLL (Normal Operation), Figura 2 MAX222MAX2I2AIMAX233/ 08 4
tPLHR MAX242MAX243 '
MAX220 0.8 3
tPHLS MAX242 Q.5 10
Receiver Propagation Delay RS-232 to 3
TLL (Shutdown), Figure 2 H
PHLS MAX242 25 10
Receiver-Output Enable Time, Figure 3 ER MAX242 125 500 ns
Receiver-Output Disable Time, Figura 3 (tpp MAX242 160 500 ns
; e MAX222MAX242, 0. 1pF
Transmitter-Output Enable Tima (SHON 5
Goes High), Figure 4 teT caps (includes charga-pump 250 us
start-up)
Transmitter-Output Disable Time (SHON or MAX222MAX242, 00 =
Goes Low), Figure 4 O.ApF caps
MAX222 MAXZAZAIMAK233] 200
Transmitter + to - Propagation Delay " - MAX242MAX243 -
Differance (Normal Operation) HLT = IPEHT
MAX220 2000
Receiver + to - Propagation Delay Mo T 100
+to0-
5 MAX242MAX243
Differanca (Normal Operation) IPHLR - 1RLHA i ns
MAX220 225

Typical Operating Characteristics

MAX220/MAX222/MAX232A/MAX233A/MAX242/MAX243

OUTPUT VOLTAGE vs. LOAD CURRENT

=)

uF
8 1 T
g | EITHERV+ OR V-LOAED {
= 4 | Vees | ot
b NOLOAD CN
£ 2 [ TRANSMITTER QUTFUTS
T g | (ENCEPT MAX22D MAXZEY)
= | | |
Z 2 [-%LOADED NOLOAD ONYs
3 4 0.1uF fuF —]
" O/‘/
3 — sl —
0 "+ LOADED. NO LOAD ONV-|
0 5 w15 W 2%
s LOAD CURRENT (mA)

NACTO01

AVAILABLE OUTPUT CURRENT MAX222/MAX242
vs. DATA RATE ON-TIME EXITING SHUTDOWN
11 — —— =
QUTPUTLOAD wmemJg 1y 045 —— 11
10 1 —FLOWS FROM ¥+ TOV- 5 it
= RS . sor. || | Llees
jE‘ 3 =+ —
= Vebimy | B w FON
= _Vop = 45 g J
R 2"
5 A =
E . Tl B it cets
5 e cers ]
== v =t
4 aw
0 1 ® ™ & 0 8 S00us/div
DATA RATE (4isfsec)
MNMNAXIN
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Features
+ High-performance, Low-power AVR? 8-bit Microcontroller

+ Adwanced RISC Architecture
- 131 Powerful Inatructions — Most Single-clock Cycle Execution
- 32 x 3 General Purpose Working Registera
- Fully Static Operation

~ Up to 16 MIPS Throughput at 16 MHz I
= On~chip 2-cycle Multiplier
+ High Endurance Norrvolatile Memory segments

- 16K Bytes of h-Syatem Self-programmable Flash program memory .

- §42 Bytea EEPROM 8-bit AVRO

- 1K Byte Internal SRAM

— Write/Erase Cycles: 10,000 Flash/{1 00,000 EEPROM H

- Daota retention: 20 years at €5°C/H00 years ot 25°C M icrocontro I l er

- Optional Boot Code Saction with Indepandant Look Bite H
In-Syatem Programming by On-chip Boot Program Wlth 1 GK Bytes
True Read-While-Write Operation

- Programming Lock for Software Security |n-5yste m

+ JTAG (IEEE std. 1149.1 Compliant) Interface
- Boundary-scan Capabilities According to the JTAG Standard Pro g ram mab Ie

— Extensive On-chip Debug Support

- Programming of Flash, EEPROM, Fuses, and Look Bits through the JTAG Interface | Flash
+ Peripheral Featurea

= Two 8-bit TimerCounters with Separate Preacalera and Compoare Modes

- One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture

Mode . _ ATmegail6
= Real Time Counter with Separate Oacillator
- Four PWM Ch |
- Od:lnnol. 10—;?::!;0 ATmeg a1 GL
8 Single-ended Channek

7 Differential Channels in TOFP Package Only
2 Differential Channels with Programmable Gain at 1x, 10x, or 200x
- Byte-oriented Two-wire Seriol Interface
- Programmable Seriol USART Summary
- MasterSlave SP| Serial Interface
- Programmable Watchdog Timer with Saparate On-chip Qacillator
— On~<hip Analog Comparator
+ Special Microcontroller Features
— Power-on Reaet and Programmable Browrmrout Detection
= Internal Calibrated RC Ozcillator
— External and Internal Interrupt Sources
— Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby
ond Extendad Standby
+ 'O and Packages
- 32 Programmable 1O Linea
— 40-pin PDIP, 44-lead TOFP, and 44-pad CFNMLF
+ Operating Voltages
- 2.7 - 55V for ATmegaiL
— 4.5 -55V for ATmegaiS
+ Speed Grodes
= 0 -2 MHz for ATmegaiSL
= 0 -16 MHz for ATmegaiS
+ Power Conaumption & 1 MHz, 3V, and 25*C for ATmega {6l
- Active: 1.1 mA
= Idie Mode: 0.35mA
- Power-down Mode: « 1 pA

D-12



Pin Figure 1. Pinout ATmegai6
Configurations
lxcmo; PBO d 1 PAD (ADCD)
) PB1 g 2 PA1 (ADC1)
(INT2 AINO PE2 O 3 PA2 (ADC2)
(OCQ-AINS ass (= PA3 (ADC3)
B4 O 5 PA4 (ADC4)
'MOSl) PE.5 (=l PA5 (ADCS)
(MISC) PBE O 7 PAB (ADCE)
(SCK) PBT O & PAT (ADCT)
=TC 9 AREF
vee o 10 GND
GND O 11 AVCC
XTAL2 O 12 PC7 (TOSC2)
XTAL1 O 13 PC8 (TOSC1)
{RXD) PDO O 14 PC5 (TDI)
(TXD) PD1 4 15 PC4 (TDC)
(INTO) PO2 O} 16 PC3 (TMS)
(INT1) PD3 O 17 PC2 (TCK)
(CC1B) PD4 O 18 PCt (SDA)
{OC1A) PDS O 19 PCO {SCL)
(ICP1) PD6 O 20 PD7 (OC2)
TQFP/QFN/MLF
&
85 & segp
~S S 088
835s8 2383
AN w-nn
JEEEB32721
~—Annnnononnonn
| @ 44,42, 40, 38 .36, .34
{MOSI) PBS [ 1 33 [ PA4 (ADC4)
(MISC) PBS T 2 | G R T 32 O PAS (ADCS)
(SCK) PBT 43 | I 31 [ PAB (ADCB)
RESET 4 | | 30 [ PAT (ADCT)
vec O 5 | 29 D AREF
GND D& | 28 5 GND
XTAL2 O 7 I I 27 O avce
XTALY O} 8 | | 26 D3 PC7 (TOSC2)
(RXD) PDO ] @ : : 25 I PC8 (TOSC1)
TxD) PDT 310w 4 24 &3 PC5 (TDY)
(INTO) PD2 [ 11 23 O PC4 (TDO)
L/ 52'%4"516' 758" %202 122 |
gooooo U [RRERERE|
@ =00 v v
HOTE. soRERcERRRE
Bottom pad should CTaEIrE ITLH
be soldered to ground. = 28 o8 B8eg
Disclaimer Typical values contained in this datasheet are based on simulations and characterization of
other AVR microcontrollers manufactured on the same process technology. Min and Max values
will be available after the device is characterized.
2 ATmega16(L) m——
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ATmegai6(L)

Overview The ATmega16 is a low-power CMOS 8-bit microcontroller based on the AVR enhanced RISC
architecture. By executing powerful instructions in a single clock cycle, the ATmega16 achieves
throughputs approaching 1 MIPS per MHz allowing the system designer to optimize power con-
sumption versus processing speed.

Block Diagram Figure 2. Block Diagram

PAG - PAT PCO-PCT
vco
ERR S
| PCATA DRIVERSBUFFERS | PORTC CRIVERSBUFFERS |
GND | FORTA DAGITAL INTERFACE | | PORTC DIGITAL INTERFACE |
, I ] A
( )
avCC A | 1 < v
Mt | e o ™|
AFEF ——I
4 TINERS!
{ T o [ b [ i o coonon [ |
I 1
+ 1
e | s e | [ o
l l XTALY =
|'":;g:'§r;'§“| 4| e .—-| WO |Dscn.umn ':’\: /
ATaL2 HI
INTEFFIUPT INTEHNAL
e
o—+ EEFFOM |
o—+ US&RT |
. A
)
I v
| FORTE DIGITAL INTERFACE I | POATD DIGITAL INTERFACE |
| PCATB DRIVERSBUFFERS I | PORTD CRIVERSBUFFERS |
v h
PBO .- FB7 PCC-PD7
ATMEL 3
2486PS-AVR-0&/07 ——
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EEEEssssssssssssssssssssmmn A T Mega16(L)

Register Summary

Address Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 Page
S3F {357 SREG ] T = 3 N 2 c s
532 (358) 2= - - - - - 2210 53 sF8
530 (350) sPL 2p7 2ps ses ze4 ze3 se2 e 3P2
$3C (35C) ocRD TimeriCountar Output Compars Register

GicR NTH INT2 INT2 - - - v2EL VCE
GIFR NTF INTFD INTF2 - - - - -
TEK ociE2 ToEz TICIES OCIEA ociEE ToE1 oCIED TOIED
TER ocF2 ToV2 IcF1 oCFIA ocFi8 Tov1 ocFa TOVD
SPMCR SPMIE RWWSE - RWWIRE sasT PGINRT PGERG SPMEN
TWCR TVNT TWEA TW2TA TWaTo TWWC TWEN - TWE
MCUCR oM2 2E aM SMD acit ac12 3c0t 15C00
MCUCSR JT0 SC2 = JTRF WORF BORF EXTR® POSF
TCCRO Foco VIGMEO comol cowmoc WGMD cen2 cent caco
TENTD Times/CounserD (3 BRs)
R OSCCAL | Oscliator Calloration Register
_ QCOR On-Chip Debug Register 27
$30 (350) SFiOR ADT22 ADTS1 ADTZ2 - ACME PUD P3R2 F2R10 57.88,134.201.22
$2F (34F) TCCRIA CoMIAL COMIAD COMIB1 com1ga F0C1A F0ciB WGM11 WGM10 110
$22 (34E) TccRie ICNC 1 cea1 - weMi3 WeMi2 csi2 cott csio 113
320 (30 TCNT1H TimenCoursert — Counter Register High Syte 14
TCNTIL TimersCourters — Counter Register Low Byte 14
CRIA= TimenCounter? — Quput Compare Regisier A High Syte 114
QCRIAL TimeriCountert — Qutput Compare Regisier A Low Byls 4
OCR184 TimeriCourters — Qutput Compare Regisier 8 Hign Byte 114
QCRIBL TimeriCounters — Quiput Compare Register S Low Byle 114
ICR1H TimeriCourter - mout Captre Register Hign By 14
ICR1L Timer/Counter! — irput Capture Register Low Byle 14
TCCRZ Focz | womzo | comz1 | comac | wemas | ce2 |  ceat | cexw 128
TCNT2 TimenCounter2 (5 BRz) 130
OCR2 TimeriCounter2 Output Compare Register
AZ2R - - - - az2 | vonaus | ocrawue | tcRaus
WOTCR - = - woTos woe | woez | woer | woes a3
B USRRH URBEL - - - UERA[1E) €7
3209 (340
ucsRe URSEL UMBEL UPM! uPMD usszs | ucaz ucazo | uwceoL 168
S1F i53F) EEASH = = - - - | - - | EEare 15
S1E (33E) EEARL EEPROM Addrazs Regaler Low Byle s

51D (530) EEDR EEPROM Dats Reglster 15
31C (53C) EECR = = = = EERIE ESMWE EEWE EERE )
313 (338) FORTA PORTAT FORTAS FORTAS FORTAA PORTAZ PORTAZ FORTA1 FORTAD €s
$1A (524) DDRA DDAT DOAS DoAS oDA4 DCA3 DDA2 DoAY D0AD
$15(33%) FINA PINAT PINAS FINAS FPINAS PINAZ PINAZ PINA1 FINAD €5

(538) FORTE PORTST FOR FORTES FORTE4 PORTE: FORTEZ FORTE! FORTED €:
o038 Dos?T DoBs ooss oDss oS3 oos2 DDS1 00E2 &5

FINB PINBT snEs PINSS PINB4 PINS2 FINS2 PINS1 FNED €

FORTC FORTCT PORTCE PORTCE FORTCA FoaTc: caTC2 PORTCH PORTCI €7

14 oDRC opcT DoCs Docs ooc4 ooc3 opc2 ooct Doca €7
130833 Fnve =INCT FINCS PINCS PINCE PINC3 PINC2 PINC1 PINCD €7
$12(333) FORTD PORTDT PORTDE PORTDS FORTDS PCRTD3 PORTD2 CRTD1 PORTDD 74
$910531) DDRD ooo? DoDs Doos DDD4 oDD3 opo2 o001 DooD 67
$10(530) FIND PINDT PINDS PINDS FIND4 PIND3 PIND2 PIND1 PINDD E7
SOF (32F) SPDR PI Dats Reg a2

SOE (52E) 3FSR 2FIF | - | - | - | - | - | FIX 142
30D (5201 sPCR SPIE | oo | wmer | cror | cpua | spr1 | orma 140
30C (52C) UDR U2ART 110 D 383
3CS (328) UCSRA RXC [ wors | F= | | PE | UK | T 164
30A (32A) UCORE AXCIE TxCE__ | worE | RxeNn | TXen | wcazz | mxss |  Txms 1€z
505 525) UBRAL U2ART Baug Rale Regisler Low Byt 167
503 (328) AC3R ACD ACES ACO AT ACE ACIC Aci2 1 ACIED 202
$07 ($27) ADMUX REF21 REFSI ADLAR MUXS MUX3 MWUX2 MUX1 MUXC 217
506 (526) ADC23A ADEN AD3C ADATE ADIE ADE ADPS2 ADPS1 ADP30 218
505 (325) ADCH ADC Dats Segister High Syi= 221
504 (524) ADCL ADC Data Sagister Low Syte
503 (523) TWOR Two-wrs Seral Interisce Data Raglster
o2 a2y ZUAR ETOT N7 C N N7 I S 7 T

ATMEL r
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Instruction Set Summary

Wnemonics | Operands I Description Operation I Hags l #Clocks
ARITHMETIC AND LOGIC WSTRUCTION
ADD Rd, Rr Add two Registers Rd & Rd = Rr 1
ADC R, Rr Add with Camy two Registers Rd+Rd+Rr=C 1
ADIW Ral.K Add Immeciate to Word Roh Rl < RanRdi + K 2
3us Rg, Rr Sublract two Registers Rg + Rd -Rr 1
BUS! Rd. K Sublract Consiant from Register Rd«Rd-K 1
2sC Ra, Rr Sublract W Cary two Registers Rd & Rd-Rr-C 1
28cC Ra. K Oubtract war Cary Constant from Reg. Rd&~Rd-X-C 1
281w Ral.K Subliract immegiste from Wore Rdh-Rdl ¢ RonRdl- K 2
AND Re, Ar Logica' AND Registers Rg 4+ Rd» 30 1
ANDL Rao. K Logizal AND Register and Constant Rae—Rdex 1
oR Rg, Ar Logics' OF Rapistars R+ Rd v Rr 1
OR Ro, K Logical OR Register and Constant Ra&—RIvK 1
EC Rg, Ar Exclusive OR Regsters Rd ¢ Rd & Rr 1
Rd One's Complemant Ra & SFF-Rg 1
Rd Two's Complement Rd + 300 - Re 1
Ra.K Get BR(s) In Register Ra<—RIvK 1
Ro.K Clear Sitis) in Register Rd & Rd » (§FF - K| 1
Rd Increment Rd &< Rd+1 1
R Decrement Rd & Rd-1 1
Ra Test for Zer of Minus Rd+—RdeRd ZNNV 1
Ra Ciear Reglster R & Ra & Ra ZNY 1
Ra Set Register RQ + SFF None 1
Ra, Ar Multipiy Unzigned ‘R & B ¥ A Z.C 2
Ro, Ar Multely Signed RO RexRr Z.C 2
Rg, Ar Multipiy Signad aith Ursigned RiIRJ& Rox R Zc 2
Ra, Ar Fracticnal Mutiply Unsignec RIAI& (RaxRr << | Z.Cc 2
Rd, Rr Fracvons! Multiply Signeg R1:3) & (RAxRr << 1 Z.C 2
S - ettt ST - :
ERANCH INSTRUCTION2
Rame x Reiative Jump PCEPC+h +1 None 2
JMP Indirect Jump to (Z) PC+2 None 2
JMP L3 Direct Jump PC&k None
X Relathve Sudrcusne Ca1 PC+PC+k+1 Nome 3
indirect Cal 1o (2) PC+2 None 3
x Direct Sutbroutine Call PC+& None 4
Subroutne Return PC & 3TACK None 4
Interrupt Retum PC & 2TACK 4
Rd.Rr Compare, 2kip ¥ Equy P{RC=RrPC+PC+20c3 None 1213
RO, Rr Compare Rd - Ar Z,NV.CH 1
R4.Fr Compare with Camy Re-Rr-C Z NV.CH 1
RoK Corpare Register whh Immeciate Rd-X Z.NV.CH 1
Rr.d CXip If SR in Register Clearad ¥{Rnb)=0} PC+—FC+20r3 None 1 3
Rr.D SRip I Bt n Register iz et Fi{Rnb)=1]PC&FC+20r3 None 112)3
F.0 Stip If Bit 'im WO Repister Clearsd K{PB=Q)PC—PC+20r3 None 1 3
F.o Skip If Bit im VO Register I3 et HiPPl=1)PCE—PFPC+2cr3 None 3
5. X Brarch If 3iatus Fiag Set F{SREG(3) = 1) hen PC&FCok + 1 None 1/2
3k Brarch If Status Flag Cieared = C)tnen PC&PCok + 1 None 102
] Brarch If Equal =1 ienPC+PC+K=1 None 1/2
2 Brarch If Not Equal FiZeD)enPC+FC+k+1 None 1/2
] Brarch If Camy Set FiCetithenPC+FC+k+1 None 1/2
* Brarch i Carry Clearad =0)®enPCHFC+k+1 None 1/2
] Bracch If Same or Higher FIC=d)henPCPC+ke+ None
* Brarch If Lower None 1/2
] Bracch If Minus FiNe)enPC&PCok+1 None
3 Branch If Plus HiNaD)enPCEFC ek +1 None
3 Branch If Greater or Equal, Sigred PIN#VeClthen FCH—PC ok~ 1 None
3 Beanch If Less Than Zero, Signed EINBVel)thenFC &= PCox~1 None 1/2
[ Brarch It Haif Cary Fiag Set =1)thenPCEFPo+k+1 None 102
] Bearch if Haif Camry Fiag Clearec PlHaD)®menPCEFCok+ None 102
3 Brarch If T Flag 3et HiTw )thenPCEFC+x «1 None ‘2
] Brarch T Fisp Clearad FTelimenPCH+FC+x+1 None 1/2
r Brarch If Overow Fisg 's Set f{VeljthenPCEPC %<1 None 1/2
& Bracch it Mow Fﬁ 5 Clear v thee FC&PC-t+1 h_:’\: 1/2

2466PS-AVR-0&/07
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Mnemonics Operands Description Operation Flags #Clocks
BRIE L3 Brarch If Interrupt Enadled PllefithenPC&PC k1 None 1/2
S3D ) Sacch it interue: Dizanes Hl=Oithen B PC kot None 1/2
DATA TRANSFER INSTRUCTIONS
MOV Rg, Rr Move Belween Registers Rd & Rr None 1
MOYW Rd, Rr Copy Register Word Rd+1:Rd & Rr~{:Rr None 1
Lol Ra. K Load immediste Ro « X% Nons 1
Lo Ra, X Loag inciract Rd + {X) None 2
[12] Ra, X~ Load inciract and Post-inc RO &~ (XL X& X+ 1 None 2
Lo Re.-X Load ircirest and Pre-Dec. X & X -1, RO+ (X None 2
o Ra. Y Load irciract Rd + (¥) Nane 2
Lo Ra. Y= Load ircirest and Post-ing RO+ (YLY &Y+ None 2
Lo Rd.-Y Load incirect and Pre-Dec. Y&EY-1, REEY) None 2
LoD RA.Y-¢ Load inciract win Dizplacement Rd & (¥ ~al None 2
Lo Rd. Z Load incirect Rd + (2} None 2
o Ra, 2+ Loag incirect and Post-ine. Rd & (2}, Z & 2+4 None 2
Lo Re, -2 Load irciract and Pre-Dec. Z&2-1,REE @) Nane 2
LoD Ro, Z+g Loag incirect wih Dizpiacement Ro+{Z+ql None 2
Log Ra. k Load Direct from 3RAM Rd + (k) None 2
art X Rr Clore indrect X)+ Rr None 2
aT X+, Ar Store indrect and Post-inc. K= Rr. X=X =1 None 2
aT =X Rr Store indrect and Pre-Dec. X&X-1 D& Rr None 2
aT Y.Rr Store indrect (Y) & Rr None 2
a7 Y+, Rr Store indrect and Post-inc. &R, Yé&Yel None 2
a7 -Y.Rr Store Ingrect and Pre-Dec. Y&Y- 1L (YI&Rr None 2
37D Y+a.Rr Store indkect with Dispiacement Y +Ql¢&Rr None 2
a7 Z Rr Slore indrect (Z) 4+ Rr None 2
3T Z-.Rr Store indirect and Post-inc. ZIERLZ&Z+1 None 2
27 2. Rr Store indirect and Pre-Dec. 2¢2-1, @i<Rr None 2
27D Z+a.Rr Store indirect afth Displscement Z+ql&Rr None 2
278 L Rr Gtore Drect io SRAM (k) & Rr None 2
[ Load Frogram Memcry RO « 2} None 3
LFM Re. Z Load Frogram Memary Ro +4{Z) None 3
LPM Ra, Z+ Loag Frogram Memcry and Post-inc RO+ (2}, T Z+1 None 3
3FM Gtore Frogram Memaory Z) + R1:A0 None
N Re. P In Port Ro+F None 1
QuT F.Rr Out Port P& Ar None 1
Fus= ar Puzn Reglster or 3tack STACK & Rr None 2
0P R Pop Regiter rom Stack Rd & STACK None 2
S(T AND ET-TEST INSTRUCTION2
a8l PD C=1 BR in 'O Repister VOP.b) & 1 None 2
(<= Fo Clear Eit In 11O Register VOP.b)+C None 2
L3L Rd Logical Shift Le Rdin+1) & Rain} RJ(0) &0 ZCNV 1
L3R Ro Loglical Shift Right Rdin) & Rdin+1L RAT}+ 0 ZCNV 1
ROL Ra Rotate Left Through Camry RA(D¥-C,Rain+11¢~ Re(n).C&RHT) ZLNV 1
RO Rd Rctate Rignt Trrough Camry RO(7 #=C Rainy— Rain+1) C&RI:C) ZLONV 1
AR Ra Arfthmetic Sn= Rignt RO(n) & Rd(n+1), ne0.E ZLCNV 1
SWAF R Swap Nnbies Rd(3.0%R Nane 1
B3ET 3 Flag Set SREG(s)+ 1 SREG(s) 1
8CLR 3 Fiag Clear SREGIs) <0 SREG(2) 1
83T Rr.d BX 3tore from Regsterto T T+ Rrib} hd 1
8L0 Rd.b Sk lcac fom T lo Register Rad) & T None 1
2€eC Set Carry c&1 C 1
cLe Clear Canmy C+0 C 1
2EN Set Negatve Fiag N1 N 1
LN Clear Negative Flag N&0 N 1
3EZ SetZero Fiag Z&1t z 1
cLz Clear 220 Flag z+1 z 1
2€EI Gickal internupt Enable 161 | 1
cul Gicbal interrupt Dlsabie 1«0 1 1
383 Set Signad Test Fisg S&t 3 1
.8 Clear 3ignec Test Flag -l el 1
3ev Set Twos Compiement Svertiow. Vet v 1
LV Clear Twos Complement Overflow Ve0 \ 1
SET Set Tin SREG Te1 T 1
CLT Clear T n SREG T<0 T 1
= et TP i 1

10 ATmegal6(L) m———————
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s
Mnemonics Operands Description Operation Flags #Clocks

T I I 73 T A TP = 1
MCU CONTROL INSTRUCTIONS
NOP No Operaton None 1
SLEEP Seep (see specific descr. for Sleep function) None 1
WOR Watchdog Resst (see specific descr. for WORtimer) None 1
BREAK Break For On-Chio Debug Only None NIA
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