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ABSTRACT

This thesis project proposes the temperature control for industrial boiler. The industrial
boiler will be controlled its temperature for producing the good quality product.

The project has been conducted in the following steps. First, the measured temperature is
sent to microcontroller to calculate and compare to the set range. Second, microcontroller sends
the control signal to relay to control the temperature. The minimum and maximum temperature

can be added to the system to test and control the system.
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//ICC-AVR application builder : 25/1/2008 14:22:00
// Target : M8
// Crystal: 4.0000Mhz
//portd => data lcd
/Iportbl =rs
/Iportb2 =E
/fportb§ = relay
#include <iom8v.h>
#include <macros.h>
/Hinclude"inoutport.h"
int value,max,min;
const unsigned char hi[]={1,2,4,8,16,32,64,128};
const unsigned char low|]={0xfe,0xfd,0xfb,0xf7,0xef,0xdf,0xbf,0x7{};
void pbout(char pin,char logic)
{

if{logic)

{

PORTB=PORTBhi[pin];

}

else

{

PORTB=PORTB&low]pin];

}
}
void port_init(void)
{
PORTB = 0x00;
DDRB = 0xff;//all output

PORTC = 0x7F; //m103 output only

DDRC = 0x00; //all input
PORTD = 0x00;
DDRD = 0xff;//all output
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}

//ADC initialize

// Conversion time: 416uS

void adc_init(void)

{

ADCSR = 0x00; //disable adc
ADMUX = 0x00; //select adc input O

ACSR = 0x80;
ADCSR = OxEF;
}

//#pragma interrupt_handler adc_isriiv_ADC

#pragma interrupt_handler adc_isr:15

void adc_isr(void)

{

//conversion complete, read value (int) using...
value=ADCL,; //Read 8 low bits first (important)
value[=(int)ADCH << 8; //read 2 high bits and shift into top byte

}

//call this routine to initialize all peripherals
void init_devices(void)

{

//stop errant interrupts until set up

CLI(); //disable all interrupts

port_init();

adc_init();

MCUCR = 0x00;

GICR = 0x00;

TIMSK = 0x00; //timer interrupt sources

SEI(); //re-enable interrupts

//all peripherals are now initialized

}
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void delay(int z)
{
unsigned char zz;
for(z=2;2>0;2--)
{
for(zz=0;2z<200;zz++)
{ 77=122;
}
}
}
void check(void)
{
if((PINC&hi[5])==0)
{
max-++; ifimax>120){max=0;}
while((PINC&hi[5])==0);
delay(5);
}
if((PINC&hi[4])==0)
{
min++; if{(min>120){min=0;}
while((PINC&hi[4])==0);
delay(5);

}

void clock(void)

{

/fpin

/fportd => data lcd

//portbl =rs

//portb2 =E
check();

42



pbout(2, 1);
delay(10);
pbout(2, 0);
delay(10);
check();

}

void com(char x,unsigned char dat)

{
//pin Rs
if(x)

{

pbout(1, 1);
}

else
{

pbout(1, 0);
}

PORTD=dat;
clock();
check();

}
void main(void)
{

int temp;
int Xx;
init_devices();
delay(500);
max=70;min=50;
com(0,0x38);
com(0,0x01);
com(0,0x06);

com(0,0x0¢);
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st: temp=((value*0.488)-273)*10; //this line is ok
com(0,0x80);
com(1, T");com(1,'e');com(1,'m");com(1,'p");com(1,' *);com(1,1);com(1,'s");com(1,' *);
xx=(temp/1000);
com(1,xx+0x30);
xx=(temp%1000)/100;
com(1,xx+0x30);
xx=(temp%100)/10;
com(1,xx+0x30);
com(1,.");
=(temp%10);
com(1,xx+0x30);
com(1,'*);com(1,'C");
//show max,min
check();
com(0,0xc0);
com(1,'m");com(1,'a");com(1,'x");
xx=(max/100);
com(1,xx+0x30);
xx=((max%100)/10);
com(1,xx+0x30);
=(max%10);
com(1,xx+0x30);
check();
com(1,' );com(1,'m');com(1,'i");com(1,'n");
xx=(min/100);
com(1,xx+0x30);
xx=((min%100)/10);
com(1 -,xx+0x3 0);
=(min%10);
com(1,xx+0x30);

check();

44



if{temp>(max*10))
{
pbout(5, 1); /fon relay
com(0,0xcF);
com(1,M");
}
if(temp<(min*10))
{
pbout(5, 0); //off relay
com(0,0xcF);
com(1,'L.";
}
goto st;

}
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General Description

The LM135 senes are precision, casily-calibrated. integrated
circuit ternp sensors O g as a 2-terminal zener,
the LM135 has a breakdown voltage diragtly proportional to
absolute temperature at +10 mV/ K With less than 1Q dy-
namic impedance the device operates over a current range
of 400 pA 10 5 mA with virtually no change in parformance.
When calibrated at 25°C the LM135 has typically less than
1 C error over a 100 C temperature range. Unlike other sen-
sars the LM13$ has @ linear output

Applications far *he LM135 snclude almost any type of tem-
perature sensing over a -55'C fo +150 C temperature
range The low impedance and hnear output make interfac-
ing 10 readout or cantrol crcuitty especially easy

&Nntionul Semiconducior

LM135/LM235/LM335, LM135A/LM235A/LM335A
Precision Temperature Sensors

May 1999

temperature range The LM335 dperates from ~4G C to
+100 C The LM135/.M2351LM33S are avaiiable packaged
1n hermetic TO-46 transistor packages while the LM335 15
also available in plastic TO-92 packages

Features

® Directly calibrated in "Kelvin

m 1'C nitial accuracy available

® Operates from 400 pAto 5 mA

® Less than 141 dynamic impedance
® Easily calibrated

u Wide operating temperature range
% 200°C overrange

® Low cost
The LM135 operates over a -55°C to +150°C temperature
range while the LM235 operates over a -40 C to +125°C
Schematic Diagram
/ﬂl
[ o Sm ) » R
; - - Swa

9 1999 Navonal tor C 3

www nahonal com
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Connection Diagrams

TO-92
Plastic Package

Bottom View
Order Number LM335Z
or LM335AZ
Soe NS Packape
Number Z03A

S0-8
Surface Mount Packaga
1 8
NC ~—1 =+
2 7
NC = = NC
3 [
NC =1 = NC
4 5
~ = ADJ
DAOLE0-25

Order Number LM335M
See NS Package
Number MOSA

TO-46
Metal Can Package®

*Case is connected 10 negot ve mn

Bottom View
Order Number LM135H,
LM135H-MIL, LM235H,
LM335H, LM135AH,
LM235AH or LM335AH
Sew NS Package
Number HOIH

48
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Absolute Maximum Ratings ot 4 Specilied Operating Temp Range
o

i Military/Aerospace specified devices are required, :IN ? é)
please the National Semi | Sales Office/ (Noie
Distrib for availability and specificat LM135, LM135A -55Clo+150C 180 C .0 200 C

1L.M235, LM235A ~40C 10 +125C 125'C w0150 C

Reverse Curent OmA  M335, LM335A -40C1lo+400C  100°C10125C

Forward Cusrent 10 mA Lead Temp (Soldering, 10 seconds)

Storage Temperature TO-92 Package. 260°C
TO-46 Package ~80 Cto +180°C TO-46 Package. 300C
TO-82 Package 60 Cto+150C $0-8 Package 300°C
§0-8 Package 65 Cto+150°C Vapor Phase (60 seconds) 21sC

irfrared (15 seconds) 20C

Temperature Accuracy (Note 1)

LM1351.M235, LM135ALM235A
Parameler Counditions LM135ALM235A LM135/LM235 Units
Min Typ Max Min Typ Max
Operaling Ouiput Voltage Te=25C 1= 1mA 297 298 299 295 298 3.01 v
Uncaltbrated Temperature Error Te=25C 1g = 1mA 05 1 1 3 C
Uncalibrated Temperature Error Toam & Te & Taaax: Ir = 1 MA 13 27 2 5 c
Temperature Error with 25 C Tan < Te S Tuax: ' = 1 MA 03 1 05 15 c
Calbration
Calibrated Error at Extended Te = Tyax (Intermittent) 2 2 <
Temperatures
Non-Lineanty R © 1 MA 03 a5 03 1 C
Temperature Accuracy (ote 1)
LM335, LM335A
Parameter Conditions LM335A LM335 Units
Min Typ Max Min Typ Max
QOperating Cutput Voltage Te=28C 1, = 1mA 29% 2.98 301 292 298 3.04 v
Uncalkbrated Temperature Eror Te=25C 1g =1mA 1 3 2 B C
Uncalibrated Temperature Emor Tpin  Te S Taax. Ir = 1 MA 2 5 4 9 [of
Temperature Error with 25 C Toan S Te S Tyax I = 1TMA 05 1 1 2 C
Calibration
Calbrated Error at Extended Te = Tmax (Intermitient) 2 2 C
Temperatures
Non-Linearity lg =1 mA 03 1.5 0.3 15 C
Electrical Characteristics mvoe 1)
LM135/LM235 LM338
Parameter Conditlens LM135A/LM235A LM335A Units
Min Typ Max Min Typ Max
Operating Output Voltage 400 pA<izs5 mA 25 10 3 14 mv
Change with Current At Constant Temperature
Dynarmc knpedance ig=1 mA 05 086 Q
Qutput Voltage Temperature +10 +10 mviC
Coefiicient
Time Constant Still Air 82 80 sec
100 f/Min Aie 10 10 sec
Stirred Od 1 1 sec
Time Stabilily Te=125C 0.2 02 Crkhr

3 www natonal com



Electrical Characteristics (Note 1) (Contmued)

Nowe 3
Thermai Resistarce T0-92 TO46 SO-8
8, yunction to ambient) 202CW  400C/W 1850w

A,¢ (uncton to case) 170 CW NIA NiA
Note 8. Reler 1o RETS 135H lar miiary sogaficatons

Typical Performance Characteristics

Reverse Voitage Change Calibrated Error

’ .
c ! 1T 1
] T T
w7 o -se'e L0 B o,
i } H 7|
g
PP 26 z bt
a = )
= 0« 4 & 1 :
3 -<
N N £ |
¥ . , C1ye 128°c—] F H
£, [ |
i T “ !
L 2 . ] ] " -¥% -15 2% 6 WM WS s
REVERSE CORAENT [wA) TEMPERATUAE {"C)
24 DEoCASSN-2¢

Response Time Dynamic Impedance

.
"I'I"E_ T-.L
N

H Pt '3 a
Z DUTRT 1yt -
? H
% l oUTAT! s
g L i
z e H
L ] 4
L_lnm«' H
. 1 1
[ IR T N A |
THOE (i) FREQUENCY (Mr}
DS00S008-30 UB00SEES-31
Thermal Resistance Thermal Time Constant
Junction to Air “
- #
£ i
[} E u -
g 2 »
i §
§ " s
] S L
g Y048 '
i N = o ANDE
g ™l $
2 -
E » lroa
B [T B W R
1w @ um w2 AR VELOCITY (Fry
AR VELOCTITY (FPI) DI0sE0834
DEDOEEEB-13

Note 1, Accurecy measurements are made In g well-strred ou betn For othar condibhons sei hesli g must be considores
Nate 2 Continatn s Opetation =t these Temopratures *or 10 006 1w for H puckage and S000 bows & Z pauyage mary dourcase ie expeda wy of the dovice

Reverse Characteristics

0w

1o 25T
Fd
3
s
H
] 7= 48|
g ‘
2 14 t—
- —_— —
=
&
® vy wie_}
.4 L
1 ? 3 . )
REVERSE VOLTAGE (V)
DECOSBIS- 10
Noise Volage
0 —
=10A
[~ 1= 25C
m
&
g w
13
H
= m
m
o m " om
FREGUENCY [42)
DSO0S608-32

Thermail Response in Still Air

PERCENT OF FIIAL ¥ALUE (%)

2 4 L [ ]
TIME (PYTES)
DS00S8-36
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Typical Performance Characteristics (contnued

Thermai Response in Stirred Oil Bath

2w
in //
Z ald
M
-
Eon
i 1
}
0 2 ‘ 1 ’
TONE (SECONDS)
osoosss s

Application Hints

CALIBRATING THE LM135

ncluded on the LM135 chip 1s an easy method of calibrating
the device for higher accuracies A pol cornected across the
LM135 with the armn ted to the adustment terminal aflows a
1-potnt calibration of the sensor that corrects for inaccuracy
over the full temperature range.

This single point calibration works because the cu’put of the
LM135 1s proportional to absolute temperature with the ex-
\rapolated outpul of sensor going to OV output at 0K
{-273 15 C) Lrrors i output voltage versus temperature are
aply siope (or scale factor) efrors so a slope cabbration at
ore lemperature cofrects at all temperatures

The output of the device {cahbrated of uncabbrated) can be
expressed as

T
Vourr = Voury, X T~

where T is the unknown temperature and T, 15 a reference

ture, both exp! d 1n degl Kelvin By calibrat-
ing the output to read correctly at one temperature the output
at afl temperatures is correct Nominally the output s cal
brated at 10 mV{'K.

Typical Applications

Basic Temperature Sensor

v v
a3 L]
ayTrur
10mvrK
Las 1335
=
D50C5668-2 -—

*Cahrete tor 2 982V a1 25 C

Forward Characteristics

Calibrated Sensor

"
" hqu;ll 1
gy j*-35°C
g H
g M
-
N '
g — o 12°C
[ JJ_”_m:
[]
[T 1 n
FORWARE EURRERT (mA!

Dgosms.aT

To insure good sensing accuracy several precautions must
be laken Like any temperature sensing device. sell heating
can reduce accuracy The LM1435 should be operated at the
lowest current suilable for the application. Sufficient current,
of course, must be available to drve both the sensor and the
cahbrabon pot at the i P q P as
well as any extemnal foads.

Jf the sensor is used i an ambient where the thermal resis-
tance s constant, self heating efrors can be calibrated out
This 15 possibla if the device is run with 2 temperature stable
curent, Heabing will then be proportional to zener voltage
and therefore teraperature. This makes the self heatng error
proportonal to absolute temperature the same as scale fac-
tor errors

WATERPROOFING SENSORS

Meltable inner carg heat shrinkable tubing such as manufac-
tured by Raychem can be used 1o maka Jow-cost waterproof
sensors The LM335 s inserted into the tbing about 1"
from the end and the tubing heated above the meltng paint
of the core The unfiled 2" end melts and provides a seal
over the device

Wide Operating Supply

¥+
Bv-40v

1

R
[
DUTPUY 10 mV/ R
[}
¥~
auteuy
18wyl K
L
050055008
-
OgoamE-t0

www national com
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Typical Appiications coninued)

Minimum Temperature Sensing A ge Temperature Sensi R, Temp <
ny wW
]
L -
\{ ouTRIT
N e Tavn IWY/K) 1
bt s v s 3
U3 Prmmsant, 1
DECOSBUe-4 e DEOSEIS-13
Wire length for 1 C emror due to wiro drop.
= [ ] ir ® 0.5 mA*
080039818 mA
AWG FEET FEET
14 4000 8000
16 2500 5000
18 1600 3200
20 1000 2000
22 625 1250
24 400 800

“For I = 05 mA, the tnm pot must be delcted

Isolated Temperature Sensor

ourruT
WV

DS00sEee-20

www natonal com 6
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Typical Applications (Contnued)

Simple Temperature Controfler

Adgust R1 for correct oatput.

“Adysst RZ for 2 564V across LM3ZE

we
n
nuaTER
e ::!i 21|
< <
2
-
‘: /f_ le s '>’ 'l o
A I i
3 Koo :
=
0808820-6
Simple Temperatura Control
ey
NEATER 1:
vsav —] ;
- =
—_- A
A 7[’1!!:
>
b3
23
3
<
on
-V
DSPOSEER.
Ground Referred Fahrenheit Ther t Centigrade Thermometer
1w "
L]
e oo
s ™ 3
Lnsas A Asm ourweT
1m¥7F
= L "
-y -
08005888-22

*Adisst for 2 7315V at output of LM308

www natonat com
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Typical Applications connuen)

Fahrenheit Thermometer

H
H

*To calibrate adjust RZ for 2.554V across LM33G.
Adjust R1 for corect output

THERMOCOUPLE COLD JUNCTION COMPENSATION
C

P ion for Gr ded Thermocouple

15y

Igm

1 I 1y

> T n®
em A SV """—_L
" =

4

—J 9
- <
“"“’-ﬁ’::m

il A

W WETER
THERMACOUMLE
3 -
R -
DECOSEI-E
*Sciect R3 for proper thenmocouple type
THERMO- R3 SEEBECK
COUPLE (21%) COEFFICIENT
J 3770 523w C
T 30841 428 wWiIC
K 2930 40.8 pVI'C
S 45 802 64 pviC
Adjustments: Compensates for both sensor and resisior tolerances

1. Shor LM3288
2 Adst RY fo- Seebeck Coefficient imes amment icmperature {10 degrecs K) acress R3
3 Short LM335 and adyust RZ for vokage across RI comeaponding to thermacoun.e type

J 14.32 mv K 117 mV
T 11.79 mV S 1.768 mV

www national com 8
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Typical Applications (corinued;

Single Power Supply Cold Junction Compensation

"Wy

“Select R3 and R4 for thermocoupie type
THERMO-
COUPLE
J
T
K

S
Adjustmants-

1, Adjust R for ine voltage acress R3 equat to tho Seebock Coeffcient times ambent temperaure m degrees Kehvin,

R3

105K
8560
8160
12842

R4

385Q
3150
30082
46.342

SEEBECK
COEFFICIENT
523 pVIC
428 pvic
408V C
64 pVIC

2 Adjust R2 for voltage across R4 cormtsponding O thermocouple
14.32 mV
179 mvV
117 mv
1.768 mV

]

T
K
K]

‘www habonat con
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Typical Applications (conunuea)

Centigrade Calibrated Thermocouple Thermometer

13 £
kL] L]
. AN ARAS A 15V
L w238 3 L
100 % Ca
o ~AAA- *3 1azee
~ i < @ o
v = = W " ‘:".' =

Termnaie thermocoupie reference unchion @ close proxrmty to LM335
Adjustments:

1 Appty signat in place of thermocouple and Adpust R3 for a gan of 2457
2 Short nan-invertng input of LY4308A and ouipul of LM3I20B lo ground

3 Adjust RY 80 that Voyr * 2 982V 25 C

4, Remove short across LM3Z0E and adjust R2 80 thal Yoyt =248 mV - 25 C

5 Remove short across thermotouple

Fast Charger for Nickel-Cadmium Batteries

R

Vqur = 10mV/C

DSpDsEES. 12

Differential Temperature Sensor

T

1~
‘D
Q- b4} <
b
"
ly b P ("3
ﬁ B
o
was N\
= \
AAA. \
WA~ A\
THERMALLY COUPLE N ~— — —— ——

‘Adjust D1 1o S0 mV greater Yz than D2
Chamge temunates on 5 C temperature nse Coupre D2 10 battery

w
$ 1
P& b 4]
1 E <
re’ Sta
[T 10306, oM
-
DSCOSAGS-7

www national com
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Typical Applications continued)

Differential Temparature Sensor
1Y

Wy

dm
<
b3

|

11—

Variable Offset Thermometer
{4

AAA
VW
®

oY
" 100 mv/C

< y’.l
/z > 26RD

<
<
P4

i

>
W TUANS §

rAdust fo- zero with sensor at 0 C and 10T pot setat 0 C
*Adjust for 2ero cutput w th 10T pot set at 100 C and senso- at 100 &
*Qutput reads difererce between temperature and dial seding of 10T pot

ouTRUT
100myi'C

DS03608-1§

www national com
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Typical Applications (conurves

Ground Referred Centigrade Thermometer

SCALE

FACTOR DuTPUT

10 mvle

-5

0&008083-18

Definition of Terms

Operating Output Yoltage: The voltage appeanng across
the posilive and negative terminals of the device at specified
condiions of operating temperature and current
Uncalibrated Temparature Ervor. The crror between the
operating output voltage at 10 mV/ K and case temperature
at specified conditons of curent and case temperaire,

Air Flow Detector*
15v

»
Sin Sm
" >
15

L5 Lo s DUTPUT-HIGN
A P WiTh AIR FLOW
- 3 1
A8y
Qg6 ]
AAA

VW

50K
The POINT (]
T

1

*Seif heaning 18 vsed to delecl ar fiow

Calibrated Temperature Error; The eiror between operat-
ng output voltage and case temperature at 10 mV/'K over a

P range at a fied operating current with the
25°C error adjusted o zero

www national com
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Physical Dimensions inches (miimsters) unless otherwise noted
$.208-0.218
" s ™
01783195
Wi qoey UA

SEATING
mn: T s
nm romey]
onconTasLLED L
LEAD BiA hm
016-0018 __‘ ‘__ [T

A TYP

R8-0008
an-121)
o &

Metal Can Package (H)
Order Number £t M135H, LM235H, LM335H, LM135AH, LM235AH or LM335AH
NS Packapge Number HO3H

g W01
M)

S_pIS
™ abiieg
aﬁ_"“xw r— Ty TN
MLLEADS _L_—=‘ B ~4.254)
%“—":“ﬂ 7 J 1 * ; Hyd
EL3 [}
LﬁW J L'" Lﬂﬁﬁm

ane-o0
""m—— —
-y

8-Lead Molded Smail Outiine Package (M)
Order Number LM335M
NS Package Number MOBA

www national com




LM135/LM235/LM335, LM135A/LM235A/LM335A Precision Temperature Sensors

Physical Dimensions nches (nuibmeters) unless otherwise noled {Continued)

,-\\s" 2 pLes
:LL
0 0145-0.0155
N 0500 10.358-0 394] BEPORE LEAD ANISH
D279)
SEATING PLANE - 1,1::-«41:
3.43-3.68)
0.090 .
{229 | 0.045-0 055
(UNCONTROLLED 0.045-0.085 [T
...... A, .045-0.
K H Lexo D) [1.14-1.40] 'F
H S £ >
i
D.173-0.18% = & 3
Ojias-a70] |t
== R
’ I =
0.018-0 021 4y
[0.41-0.53] * a.098
LiETon uARK _/ Ri2.20) 19° 2 AES
(1.55)
T [uo?s,:) s 03 (erv 11
Plastic Package

LIFE SUPPORT POLICY

Order Number LM335Z or LM335AZ

NS Package Z03A

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION As used herem:

1. Lfe support devices or systems are devices or
systems which, (a) are ntended for surgical implant
inlo the body, or (b} support or sustain life, and
whose faiure to perform when properly used in
accardance with instructions for use provided in the

satst

fabeling, can be reasonably expected lo result in a

saruficant injury to the user,

y or effectiveness

2. A cntical component is any component of a hfe
support device or system whose failure to perform
can be reasonably expected W cause the falure of
the hfe support device or system, or to affect its

Nationat Semiconductor
Corporation
Amencas

Tel 1-800-272-9959
Fax 1-800-737-7018
Emad suppon@nss com

www natonal com

Natlonal Semiconductor
Europe

Fax +49 {0} ¢ 60-530 66 36

Emai euiope suppon@nsc com

Deutsch Tel +49 (0} 1 80-530 £6 85
Zngish Tel +49 (0} 1 80-532 78 32
Frangass Tel +43 (O} 1 80-532 63 5¢
eliaro  Tel +49 0 § 80-534 16 80

Katlonsl Semiconducior
Asia Pacifc Customer
Response Group

Tel 85-2544466

Fax 65-2504468

Emat 588 SUppor@rsc com

Natlona! Semiconductor
Japan Lid.

Tel §1-3-6638-7560
Fax §1-3-5639-7507

Natiana! cooes 1ot essums Wy reaponzibity oy use of ary droulry described no circukt patent Scenses are impliad and Nefional reserves The 1ight at any e without notice i change sak? cirouity and specifications.
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Features

* High-performance, Low-power AVR® 8-bit Microcontroller
¢ Advanced RISC Architecture
- 130 Powertul instructions — Most Single-clock Cycle Execution
— 32 x 8 General Purpose Working Registers
~ Fuily Static Operation
-~ Up to 16 MIPS Throughput at 16 MHz
~ On-chip 2-cycie Multiptier
* Nonvolatile Program and Data Memories
- 8K Bytes of in-System Self-Programmable Flash
Endurance: 10,000 Write/Erase Cycles
~ Optional Boot Code Section with Independent Lock Bits
in-System Programming by On-chip Boot Program
True Read-While-Write Operation
- 512 Bytes EEPROM
Endurance: 100,000 Write/Erase Cycles
-~ 1K Byte Internal SRAM
- Programming Lock for Software Security
¢ Peripheral Features
~ Two 8-bit Timer/Counters with Separate Prescaler, one Compare Mode
— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture
Mode
- Real Time Counter with Separate Oscillator
~ Three PWM Channels
-~ 8-channel ADC in TQFP and QFN/MLF package
Eight Channels 10-bit Accuracy
-~ 6-channei ADC in PDIP package
Eight Channeis 10-bit Accuracy
- Byte-oriented Two-wire Serial interface
- Programmable Serial USART
~ Master/Slave SPI Serial interface
- Programmable Watchdog Timer with Separate On-chip Oscillator
~- On-chip Analog Comparator
» Special Microcontroller Features
~ Power-on Reset and Programmable Brown-out Detection
-~ Internal Calibrated RC Osciliator
- External and Internal interrupt Sources
- Five Sleep Modes: ldle, ADC Noise Reduction, Power-save, Power-down, and
Standby
* /O and Packages
- 23 Programmable /O Lines
- 28-lead PDIP, 32-lead TQFP, and 32-pad QFN/MLF
* Operating Voltages
- 2.7 - 5.5V (ATmega8L)
~ 4.5 - 5.5V (ATmega8)
* Speed Grades
~ 0-8 MHz (ATmega8L)
— 0-16 MHz (ATmega8)
* Power Consumption at 4 Mhz, 3V, 26°C
~ Active: 3.6 mA
- idie Mode: 1.0 mA
- Power-down Mode; 0.5 A

AIMEL

®

62

8-bit AVR’
with 8K Bytes
In-System
Programmable
Flash

ATmega8
ATmega8SL

Summary
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ATEL

Pin Configurations

PDIP
=/
{AESETy POS 1 283 PCS (ADGS/SCL)
(RXD) PDO[]2 2713 PC4 (ADCH'SDA)
TXD) PD1 3 2611 PC3 (ADC3)
oy PR Y4 25[ PC2 (ADC2)
(NT1)PD3(]S 24[3 PCH (ADCY)
IXCKT0) PD4[]6 23{1PC0 (ADCO)
veenz 22{1GND
GND[]8 21 JJ AREF
IXTALITOSC1) PB6 L] 9 2083 AvCC
(XTAL2rTOSC2) PB7 T} 10 191 PBS (SCK)
(T PO Y11 18 PB4 (MISO)
(AINQ) POS [] 12 17 3 PE3 (MOSLKOCR)
{AINY) PD7 ] 13 1613 PB2 S50C18)
(icP1) PBOC] 14 152 PB1 (OC1A)
TQFP Top View

[ AvCC
[1 PBS (SCK)

XTAL1/TOSCY) PBE
(XTAL/TOSC2) PB7

(INTY) PDD ] 4 T PCT (ADG1)
1XCK/TO} PD4 ] 2 [1 PCO (ADCO)
GND O3 11 ADC7
veeqa 1 GND
GND (s [1 AREF
vecds [ ADCB
7
8

MLF Top View
-z
SAE,,E',‘E%A“
Egiﬁsvgg
SEEREEES
mEnSnEinEsbaNals,
LERE: R R R
(iNT1) PD3 [} 1 O """"""""" 241 PCT(ADCY)
{XCK/TO) P4 ] 2 23[1PCO (ADCO)
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Overview

Block Diagram

The ATmega8 is a low-power CMOS 8-bit microcontrolier based on the AVR RISC
architecture. By executing powerful instructions in a single clock cycle, the ATmega8
achieves throughputs approaching 1 MIPS per MHz, allowing the system designer to
optimize power consumption versus processing speed.

Figure 1. Block Diagram
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The AVR core combines a rich instruction set with 32 general purpose working registers.
Al the 32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing
two independent registers to be accessed in one single instruction executed in one clock
cycle. The resulting architecture is more code efficient while achieving throughputs up to
ten times faster than conventional CiSC microcontroliers.

The ATmega8B provides the following features: 8K bytes of In-System Programmable
Flash with Read-While-Write capabilities, 512 bytes of EEPROM, 1K byte of SRAM, 23
general purpose /O lines, 32 general purpose working registers, three flexible
Tirner/Counters with compare modes, internal and external interrupts, a serial program-
mable USART, a byte oriented Two-wire Serial Interface, a 6-channel ADC (eight
channels in TQFP and QFN/MLF packages) with 10-bit accuracy, a programmable
Watchdog Timer with internal Oscillator, an SPI serial port, and five software selectable
power saving modes. The ldle mode stops the CPU while allowing the SRAM,
Timer/Counters, SPi port, and interrupt system to continue functioning. The Power-
down mode saves the register contents but freezes the Oscillator, disabling all other
chip functions until the next interrupt or Hardware Reset. In Power-save mode, the
asynchronous timer continues to run, allowing the user to maintain a timer base while
the rest of the device is sleeping. The ADC Noise Reduction mode stops the CPU and
all YO modules except asynchronous timer and ADC, to minimize switching noise during
ADC conversions. In Standby mode, the crystal/resonator Qscillator is running white the
rest of the device is sleeping. This allows very fast start-up combined with iow-power
consumption.

The device is manufactured using Atmef’s high density non-volatile memory technology.
The Fiash Program memory can be reprogrammed In-System through an SPI serial
interface, by a conventional non-volatile memory programmer, or by an On-chip boot
program running on the AVR core. The boot program can use any interface to download
the application program in the Application Flash memory. Software in the Boot Flash
Section will continue to run while the Application Flash Section is updated, providing
true Read-While-Write operation. By combining an 8-bit RISC CPU with in-System Self-
Programmable Flash on a monolithic chip, the Atmel ATmega8 is a powerful microcon-
troller that provides a highly-flexible and cost-effective solution to many embedded
control applications.

The ATmegaB AVR is supported with a full suite of program and system development
tools, inciuding C compilers, macro assemblers, program debugger/simulators, In-Cir-
cuit Emuiators, and evaluation kits.

Typical values contained in this datasheet are based on simulations and characteriza-
tion of other AVR microcontrollers manufactured on the same process technology. Min
and Max values will be available after the device is characterized.

a ATmega8(L) msssssssssssssss———————————
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Pin Descriptions
vcec
GND

Port B (PB7..PB0)
XTAL1/XTAL2/TOSC1/TOSC2

Port C (PC5..PCO)

PC6/RESET

Port D (PD7..PDO)

24B6PS-AVR-02/06

Digital supply voltage.
Ground.

Port B is an 8-bit bi-directional /O port with internal pull-up resistors (selected for each
bit). The Port B output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port B pins that are externally pulled low will source
current if the puli-up resistors are activated. The Port B pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Depending on the clock selection fuse settings, PB6 can be used as input to the invert-
ing Osciilator amplitier and input to the internal clock operating circuit.

Depending on the clock selection fuse settings, PB7 can be used as output from the
inverting Oscillator amplifier.

If the Internal Calibrated RC Qscillator is used as chip clock source, PB7..6 is used as
TOSC2..1 input for the Asynchronous Timer/Counter2 if the AS2 bit in ASSR is set.

The various special features of Port B are elaborated in “Alternate Functions of Port B”
on page 56 and “System Clock and Clock Options™ on page 23.

Port C is an 7-bit bi-directional /O port with internal puil-up resistors (selected for each
bit). The Port C output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port C pins that are externalty puiled low will source
current if the pull-up resistors are activated. The Port C pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

if the RSTDISBL Fuse is programmed, PC6 is used as an VO pin. Note that the electri-
cal characteristics of PC6 differ from those of the other pins of Port C.

If the RSTDISBL Fuse is unprogrammed, PC6 is used as a Reset input. A low level on
this pin for longer than the minimum puise length will generate a Reset, even if the clock
is not running. The minimurn pulse length is given in Table 15 on page 36. Shorter
pulses are not guaranteed to generate a Reset.

The various special features of Ponrt C are elaborated on page 59.

Port D is an 8-bit bi-directional 1/O port with internal pull-up resistors (selected for each
bit). The Port D output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port D pins that are externally pulied low will source
current if the pull-up resistors are activated. The Port D pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Port D ailso serves the functions of various special features of the ATmega8 as listed on
page 61.

Reset input. A low level on this pin for longer than the minimum pulse length will gener-
ate a reset, even if the clock is not running. The minimum pulse length is given in Table
15 on page 36. Shorter pulses are not guaranteed to generate a reset.

ATMEL ;
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AVcc AV is the supply voitage pin for the A/D Converter, Port C (3..0), and ADC (7..6). it
should be externally connected to V¢, even if the ADC is not used. If the ADC is used,
it should be connected to V. through a low-pass filter. Note that Port C (5..4) use digital
supply voitage, Vec.

AREF AREF 15 the analog reference pin for the A/D Converter.

ADC?7..6 (TQFP and QFN/MLF In the TQFP and QFN/MLF package, ADC7..6 serve as analog inputs to the A/D con-

Package Only) verter. These pins are powered from the analog supply and serve as 10-bit ADC
channels.

Resources A comprehensive set of development tools, application notes and datasheets are avail-

able for download on http://www.atmel.com/avr,

6 ATmega8(L) msssssssssssssssssssssssm————————————
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Register Summary

Address Name Bit? Bit8 Bits Bit4 Bit3 Bit 2 Bit1 Bito Page
OX3F (Ox5F) SREG i T H S A N Z C 9
QOx3E (Ox5E) 3PH - - ~ -~ ~ SP10 5P9 SP8 11
0x30 (0x50) SPL SPT SPE SP5 SP4 SP3 SP2 SP1 SP) 41
Dx3C (Ox5C) Reserved
0x3B (0x5B) GICR INT1 INTG ~ - ~ - WSEL WCE 47.65
OX3A {OX5A) GIFR INTF1 INTFQ - - - - - - 66
0x39 (0x59} TIMSK OCIE2 TOIE2 TICIE1 QCIEIA OCIEIB TOIE1 - TOIEQ 70, 100, 120
0x38 (0x58) TIFR OCF2 TOV2 ICF1 QCF1A OCF18 TOV1 - TOVQ 71, 101, 120
0x37 (0x57) SPMCR SPMIE RWWSB - RWWSRE BLBSET PGWRT PGERS SPMEN 211
0x36 (0x56) TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE 169
Ox35 (Ox55) MCUCR SE SM2 BM1 SMO 1SC11 ISCt0 18CO1 1ISC00 31 64
0x34 (0x64) MCUCSR - - - - WORF BORF EXTRF PORF 3%
0x33 (0x53) TCCRO - - - - - CS02 Cso1 CS00 70
0x32 (0x52) TENTO TimerCountsr0 (& Bis) 70
0x31 (Ox31) OSCCAL Osciltator C: Register 29
Ox3D (Ox50) SFIOR - - - - ACME PUD PSRZ PSR10 56, 73, 121. 191
Ox2F (Ox4F) TCCRIA COM1A1 COM1AQ CoM181 COMIBO FOC1A FOC1B WGM11 WGEM10 9
Ox2E (0x4E) TCCRIB JCNC1 ICES1 - WGM13 WGEM12 {2334 cs11 Csio 98
0x2D (Ox4D) TCNT1H Timer/Countet - Countet Register High byte 99
IX2C {OXAC) TCNTIL TimeriCountert - Counter Register Low tyte £
0x28 (Ox4B) OCR1AH Timer/Countert — Output Compare Register A High byte 99
0x2A (Ox4A} OCRIAL Timer/Countert — Output Compare Register A Low tyte 99
0x29 (0x49} QCR1BH Timer/Counter1 ~ Output Compate Registes B High byte 39
DX28 (Ox48) OCR1BL Timer/Counter1 - Output Compare Reglster B Low byte 98
Ox27 (0x47) JICR1H Timar/Counter ~ Input Capture Register High byte 100
%28 {O0x46) ICR1L Timers/Counter1 ~ Input Capture Register Low byte 100
0x25 (0x45) TGCR2 FOC2 | wGM20 | com2t | com0 | womet | csz22 | csz | csx 115
0x24 (0x44) TCNT2 TimerCounter? (8 Biis) 17
0x23 (0x43) OCR2 Timer/Counter2 Qutput Compare Register 17
0x22 (0x42) ASSR - - - ~ AS2 TCN2UBE | OCRzUB | TCRauB 117
0x21 (0x41) WDTCR - -~ - WDCE WDE wop2 | wopt | wpPo 41

20 (oxay |—UBRRH URSEL - - - UBRR(118] 156
UCSRC URSEL UMSEL UPM1 uPMO uses ucs21y UCs2zo UCPOL. 154

Ox1F (Ox3F) EEARH et - = - - = - EEARS 18
OxIE (OXIE) EEARL EEAR7 EEARS EEARS EEAR4 EEAR3 EEAR2 EEARY EEARD 18
Ox10 (0x30) EEDR EEPROM Data Register 18
0x1C (0x3C) EECR - I - L - ] - EERIE | EEMWE | EEwe | EERE 18

0x1B (0x38) Reserved
Ox 1A (Ox3A) Reserved

Ox19 {Ox38) Reserved

0x18 (038) FORTB PORTB7 PORTBS PORTBES PORTB4 PORTE3 PORTB2 PORTS1 PORTB0 63
0x17 (0x37) DDRE 0087 DDBG DDBS DDB4 [ DDB2 DDB1 DDBO 63
0x15 (Dx36) PING PINGT PINGS PINES PINB4 PING3 PINE2 PINB PINEO. 63
ox15 (0x35) PORTC - PORTCE PORTCS PORTC4 PORTC3 PORTC2 PORTCI PORTCD 6
0Ox14 (0x34) DDRC - DDCE DOCS oDC4 DDC3 DDC2 DDC1 £DCo 53
0x13 (0x33) PINC - PINCE PINCS PINC4 PINC3 PINC2 PINCY PINCO 83
Dx12 (0x32) PORTD PORTDT PORTDS PORTDS PORTD4 PORTD3 PORTDR2 PORTD1 PORTDO 63
0x11 {0x31) DDRD D007 DDDE DO DDD4 DDD3 0002 DDD1 DDDO 83
0x10 (0x30) PIND PIND? PINDS PINDS PIND4 PIND3 PIND2 PIND1 PINDD 63
OXOF (0x2F) SPOR SPi Data Register 129
0x0E (0x2E) SPSR seE | wcoL | - T - | - - I - [ “seixx 129
0x0D (0x2D) SPCR SPE_ | SPE | DORD | MSTR | cPpoL | cPMA | sPRI__|  SPRa 127
0x0C (0x2C) UDR USART /O Data Register 151
0x0B (0x28) _ UCSRA Rxc | ™ | upre | FE I T oor T pe T ux T~ wmpcwm 152
OxOA (0X2A) UCSRB RXCIE | TXCIE | UORE | RXEN | Txen | ucszz |  Rxes | Txes 153
0x09 (0x29) UBRRL USART Baud Rate Register Low byte 156
0x08 (0x28) ACSR AC0 ACBG ACO ACH ACIE ACIC ACIS? ACISD 192
0x07 (0%27) ADMUX REFS1 REFSO ADLAR -~ MUX3 MUX2 MUX1 MUXO 203
0x06 (0x26) ADCSRA ADEN ADSC ADFR ADIF ADIE ADPS2 ADPS1 ADPSO 205
005 (0x25) _ ADCH ADC Data Register High byle 206
0x04 (0x24) ADCL ADC Data Register Low byte 206
003 (0x23) TWDR Two-wire Sensl intertace Data Register 171
ONO2 (0%22) TWAR Twas | TwAs | Twas | TwAz | TwAz | TWAL | TWAG | TWGCE 171

ATMEL 7
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Register Summary (Continued)
Address Name Bit? Bite Bite Bit4 Bit3 Bit2 Bit1 Bito Page
Ox01 (0x21) TWSR TWS7 TWS6 TWS5 TWS4 TWE3 - TWPSI TWPSO 171
0x00 (0x20) TWBR Two-wirs Senal Intertace Bit Rate Register 169

Notes: 1. Refer to the USART descriplion for details on how to access UBRRH and UCSRC.

2. For compatbility with future devices, reserved bils should be writlen to zero if accessed. Reserved /O memory addresses

should never be written.

3. Some of the Status Fiags are cleared by wniting a logical one to them. Note that the GBI and SBI instructions will operate on
all bits in the /O Register, writing a one back into any flag read as set, thus clearing the flag. The CBI and SBI instructions

work with registers 0x00 to Ox1F only.

8 ATmega8(L) messsssssssssssssssssss—————
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Instruction Set Summary

Mnemonics l Operands r Description Operation f Flags | #Clocks
ARITHRETIC AND LOGIC INSTRUCTIONS
ADD Rd, Rr Aod two Regl_sters Rd « Rd+Rr ZCNVH 1
ADC Rd Ry Adgd with Carry two Registers Rd e~ Rad+Rr+C ZCNVH 1
ADIW Rt K Add immediate to Ward Rdh‘Rdi « Rdh Rd! + K ZONVS 2
SuB Rd, Rr Subtract two Registers Rd«Rd-Rr ZCNVH 1
suBt Rd K Subtract Canstant from Registes Rd« RA-K ZCNVH 1
88C Rd, Rr Subtract with Carry two Registers RdeRd-Rr-C ZCNVH 1
SBCH Rd, K Sublract with Carry Constant from Reg Rde<Rd-K-C ZLNVH 1
SBiw RaiK Sublract immediate from Word Rdh Rdl «— Rdh Ral- K ZCNVE 2
AND Rd, Rr Logicat AND Registers Rd < RdeRr ZNV 1
ANDL Ra, K Logical AND Register and Constant Rd < Rd+K ZNYV 1
OR RO, Rt Logical OR Registers Rd « RAVRI ZNV 1
ORI Rd K Logical OR Register and Constant Rd<RdvK ZNN 1
EOR Rd, Rr OR Reg| Rd « Rd & Rr ZNV_ 1
COM Rd One's Complament Rd « OxFF - Rd ZCNV 1
NEG Ry Two's Comp Rd « 0x00 - Rd ZENVH 1
SBR RK Sel Bit(s) in Regrster Rd e RAVK INY )
CBR RdK Clear Bi(s) n Regster Rd + Rd » (XFF - K) ZNV 1
INC Re frcrement Rd—Rd+1 ZNV 1
DEC Rd Decrement Rd+ Rd-1 ZNV 1
TST Rd Test for Zero or Minus Rd « Rd « Rd ZNNV 1
CLR Rd Clear Regster Rd « Rd 4 Rd ZNV 1
SER Rd Set Register Rd + OxFF None 1
MUL Rd. Rr Multiply Unsigned R1 R0« RdxRr zC 2
MULS Rd, Rr Muttiply Signed R1 R0 « RIXRr F3) 2
MULSU Rd_Rr Mubiply Signed wah Unsigned R1RO « RAXRr zZC 2
FMUL Rd, Rr Fractional Mutiply Unsigned R1 RO« (RdxRn << 1 2C 2
FMULS Rd, Rr Fractional Muttiply Stgned R1 R0 & (RI xR << 1 2C 2
FMULSU R-dtm Fractionai Mumgm Slgned with Unsgned R1 R0 (_RgerL<< 1 20 2
BRANCH INSTRUCTIONS
RJMP L3 Relabve Jump PCPCH+k +1 None 2
LIMP Indirect Jump to (Z) PC«2Z None 2
RCALL Kk Relative Subroutine Call PC«PC+k+1 None 3
ICALL indirect Call to (7} PC 2 None 3
RET Subroutne Return PG « STACK None 4
RETH Interrupt Retum PC « STACK f 4
CPSE Rd Rr Compare. Skip if Equal HRA=RPCPC+20r3 None 142i3
CP Rd.Rr Compare Rd - Rr Z NV.CH 1
CPC Rd Rt Compare with Carry RI-Rr-C Z NV.CH 1
Py Rd K Compare Register with immediate Rd - K ZNVCH 1
SBRC Rr b Skip f Bit n Register Cleared ¢ (Re(b}=0) PC « PC +20r3 None 44233
SBRS Rr b SkipuBﬂmmisteﬂsSe( W(w1)PC¢—PC+20r3 None 17243
SBIC L) Skip § Bit in ¥O Register Cleared HPOHIO)PCPC+20r3 None 1/2/3
._S_B_IE) PDb SﬂdeanOReglstornsm ﬂPgb[=1)Pc«PC¢2m3 None 17213
BRBS s, K Branch if Status Flag Set H# (SREG(s) = 1)then PCePCak + 1 None 112
BRBC s K Branch it Statys Flag Cleared ¥ {SREG{3) = O) then PCPC+k + 1 None 172
[ erec A Sranch if Equa 12 % 1) then PC « PC + k 1 None 172
BRNE K Branch it Not Equal H{(Z=0)thenPC—PC+k+1 None 112
BRCS k Branch if Carry Sat (G = 1}then PC « PC+ k+1 None 142
BRCC k Branch f Canry Cleared HC=0)thenPC e PC+k+1 None 172
BRSH 3 Branch i Same or Fhgher t{C=0)thenPC PC+k+1 None 172
BRLO L3 Branch i Lower #FC=NthenPCe PC+k+1 Nane 142
BRM} 3 Branch if Minus #(N=1)thenPC ~PC+k+1 None 172
BRPL K Branch it Plus HIN=0)thenPC « PC ok +1 None 172
BRGE 3 Branch if Greater or Equal, Sipned #NFV=0)thenPC «~ PC+k+1 None 1:2
| BRLY L3 Branch it Less Than Zero, Signed * (N4 Vs 1)then PC «- PC+k+1 Norne 1712
BRHS k Branch if Haif Carry Flag Set HiH= NNthenPC—PC+ke 1 None 112
BRHC X Branch if Half Carfy Flag Clesred i = 0)thenPC - PC +R+ 1 None 172
BRTS K Branch # T FE‘@M #{T=1)thenPCPC+k +1 None 1/2
BRTC k Branch if T Flag Cleared #(T=0)thenPC« PC+k+1 None 102
BRVS k Branch if Overfiow Flag 18 Set f(V=1then PC PC+k+1 None 1i2
Ve k MV = ~ PC ke 102
Mnemonics Cperands Description Operation Fiags #Clocks
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AlMEL

)

BRIE T x ] Branch i interrupt Enabied Teg=1menPCpcekrt 1 None 1 12
BRID |k _{_Branch ifntermct Disabied 1org=ormenpe cperksd ] None | Y2
DATA TRANSFER INSTRUCTIONS
MOV Rd, Rr Move Between Registers Rd « Rr None 1
MOVW Rd, Rr Copy Relusler Word Rd+1 Rd « Rr+1 Rr None 1
LD1 Rd, K Load Rd « K None 1
LD Rd, X Load Incirect Rd « (X} None 2
LD Rd, X+ Load indirect and Post-inc Rd « (X) X e X+1 None 2
[is) Rd -X Load Indirect and Pre-Dec X X-1, Rd (X} None 2
LD R Y Load indirect Rd + (Y} None 2
LD Rd, Y+ Load Indirect and Post-Inc R« (Y}, YY1 None 2
LD Rd,-Y Load indirect and Pre-Dac Y e Y -4, Rd«(Y) Nons 2
LOD RdY+q Load indirect with Displacement Rede-(Y+Q) Norne 2
L0 Rd. Z Load Indirect Rd « {Z) None 2
LD Rd, 2+ Load Indirect and Post-inc Rd « (2). 24 Z+1 None 2
LD Rd, -2 Load incirect and Pre-Dec ZeZ-1Rde(@) Nope 2
LDD Rd 2+q Load indirect with Displacement Rd {2+ ) None 2
LDS Rd, k Loed Oirect from SRAM Rd < {k) None 2
ST X, Ry Store ingrect (X} = Rr None 2
ST X+ Rr Store Indirect and Post-inc KR X X+1 None 2
ST - X, Rr Store Indirect and Pre-De¢ X e X1, (X)) «—Rr None 2
ST Y, Rr Store Indirect (N« Re None 2
ST Y+ Rr Store lndirect and Post-lne NeREY Y+ None 2
8T ~Y. Re Store Indirect and Pre-Det Ye¥Y-1.00)Rr Nona 2
STD Y+q Rr Store Indirect with Displacement (Y+q«Rr None 2
$7 Z.Rr Store indsrect Z) e Rr None 2
ST Z+ Rr Store Indirect and Post-inc DR, 2241 None 2
ST -Z, Rr Store Indrect and Pre-Dec 2e2-1,{2)«Rr None 2
STD 2+q.Rr Stors Indhract with Disp {Z+9)«Rr None 2
§TS % Rr Store Direct to SRAM {K) « Rr None 2
LPM Load Program Memory RO « (Z) None 3
LPM Rd, 2 Load Program Memory Rd « {2} None 3
LPM Rd, Z+ Load Program Memary and Post-ine RO« (2), 2241 None 3
SPM Store Program Mem: )« RIRD None -
N Rd, P in Port Rd P Nene 1
ouUT P, Rr Qut Port P<Rr Nane 1
PUSH Rr Push Register on Stack STACK « Rr None 2
POP Rd Pop Regster from §|ask Rd — STACK None 2
BIT AND BIT-TEST INSTRUCTIONS
SB! [ Set B 1 YO Register YOP.b) 1 None 2
cBl Pb Clear Bit i VO Register Ho(P.b) <0 None 2
] LSt Rd Logica Shift Left Rd{n+1) « Rd(n). Rd(0} « 0 ZCNV 1
LSR Rd Logrcat Shitt Right Rd(n)  Rd{nt1), RAN + 8 ZENY 1
ROL Rd Rotate Left Through Carry RA{0)C Re{n+1) Rd(n).CRKT’ ZCNY 1
ROR Rd Rotate Right Through Camy Rd{7)C.Rd{n)e Rd{n+1),CRd(0) ZONV 1
ASR Re Arfinmetic Shit Right Rd{n} « Rd(n+1), n=0 6 ZCNV 1
SWAP Re Swap Nipbles Rd(3 0}—RA(7 4}RA(7 4}=Rd(3 0) None 4
BSET s Flag Set SREG(s) « 1 SREGP) 1
BCLR s Flag Clear SREG(s) = 0 SREG(s) 1
BST Re b 81t Store from Registerto 7 T« Re(d) T 1
BLD Rd, b Bit foad from T to Register Rdp) «T None 1
SEC Set Cany Cet [ 1
CLC Clear Carry Ce0 < 1
SEN Set Negative Flag Net N i
(o Glear Negate Flag N N 1
SEZ Set Zeto Fiag 2 Z 1
CLZ Clear Zero Flag Ze0 Z 1
SEI Global Interrupt Enable fe1 t 1
cL Global Intenupt Disable [ i 1
SES Set Signed Test Flag Se1 S 1
(oLs Clear Signed Test Fiag Sct ) 1
SEV Set Twos camgismonl Overfiow Vet v 1
CLV Clear Twos Comp Overflow V0 v 1
kd £ 1 ke h}
Mnemonics Operands Description Operation Flags #Clocks
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Instruction Set Summary (Continued)

CLT Clear T in SREG, Te0 T 3

SEH Set Half Carry Flag in SREG Hed H 1

CLH Clear Hatf Casry Flag iy SREG He 0 H 1
|_MCU CONTROL INSTRUCTIONS

NOP No Operation None 1

SLEEP Sleep {see specific descr. for Sleep function) None 1

WOR Watchdog Reset {sge specific descr,_for WORAimer) None k]

ATmEL Y
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Speed (MHz) Power Supply Ordering Code Package'! Operation Range

ATmega8L-8AC 32A :
ATmega8L-8PC 28P3 (gé ar:ir:zl)
ATmega8L-8MC 32M1-A
ATmega8L-8Al 32A

8 2.7-55 ATmegaBL-BAU"") 32A
ATmega8L-8P! 28P3 Industrial
ATmega8L-8PU®@ 28P3 (-40:C 1o 85:C)
ATmega8L-8M! 32M1-A
ATmega8L-8MU® 32M1-A
ATmega8-16AC 32A
ATmega8-16PC 28P3 g%m":igfg
ATmega8-16MC 32M1-A
ATmegaB-16Al 32A

16 45-55 ATmegas-1 6AU®@ 32A
ATmegaB-16P!| 28P3 Industrial
ATmega8-16PU® 28P3 (-40°C 10 85°C)
ATmega8-16Mi 32M1-A
ATmega8-16MU®@ 32M1-A

Notes: 1. This device can also be supplied in wafer form. Please contact your local Atmel sales office for detailed ordering information

and minimum quantities.
2. Pb-free packaging alternative, complies to the European Directive for Restriction of Hazardous Substances (RoHS direc-

tive). Also Halide free and fully Green.

Package Type
32A 32-lead, Thin (1.0 mm) Plastic Quad Flat Package (TQFP)
28P3 28-lead, 0.300” Wide, Plastic Dual inline Package (PDIP)
32M1-A 32-pad, 5 x 5 x 1.0 body, Lead Pitch 0.50 mm Quad Flat No-Lead/Micro Lead Frame Package (QF N/MLF)
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Packaging information

32A
1 i i j
PIN1 = 7 !
~ ( =
PiN 1 IDENTIFIER 1 ;
K |
o, Bl E
=
= !
= ]
=
g 1
= Y i
IR LOSHTE I e
_ i
Piiviesatiarsinioielsimmsa -
) [}
A- A2 A
COMMON DIMENSIONS
{Untt of Measure = mm)
SYMBOL| MIN NOM MAX | NOTE
A - - 1.20
Al 0.05 - 0.15
A2 0.95 1.00 105
o] 8.75 9.00 9.25
D1 590 700 710 ! Note2
E 8.75 900 9.25
Notes: 1. Ttus package conforms to JEDEC reference MS-026, Vanation ABA,
2. Dimensions D1 and E1 do not inciuds motd protruston. Allowabie E! 6.90 7.00 7.0 | Note2
protrusion is 0.25 mm per side. Dimensions D1 and E1 are maximum B8 0.30 - 0.45
plastic body size dimenstons incfuding mold mismatch. c 0.09 020
3. Lead coplananty is 0.10 mm maximum. z -
L 0.45 - 075
e 0.80 TYP
10/5/2001
2305 nard TITLE DRAWING NO. [REV.
‘ﬁii& San Jgsrg CrA f;e;r: ;ay 32A, 32-lead, 7 x 7 mm Body Size, 1.0 mm Body Thickness, 32A 8
* 0.8 mm Lead Pitch, Thin Profile Plastic Quad Flat Package (TQFP)
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28P3
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c 0°~ 15° REF
\‘

!“—'eB‘—"’l

Note: 1. Dimensions B and E1 do not inciude mold Flash or Protrusion.
Mold Fiash or Protrusion shall not exceed 0.25 mm {0.010").

COMMON DIMENSIONS
{Unit of Measure = mm)
SYMBOL| MIN NOM MAX | NOTE
A - - 4.5724
At 4508 - -
D 34.544 - 34.798 [ Note 1
E 7.620 - 8.255
E1 7112 - 7.493 |Note 1
B 0381 - 0.533
B1 1.143 - 1.397
B2 0.762 - 1.143
L 3.175 - 3.429
c 0203 - 0356
eB - - 10.160
c 2540 TYP
09/28/01

TITLE

m 2325 Orchard Parkway | ,apg 281644 (0,3007/7.62 mm Wide) Plastic Dual

San Jose, CA 95131 | injine Package (PDIP)

28P3

DRAWING NO, JREV. |

B
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32M1-A
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BOTTOM VIEW

Note: JEDEC Standard M0-220, Fig. 2 (Anvil Singuiation), VHHD-2.

SIDE VIEW

COMMON DIMENSIONS
{Unit of Measure = mm)

MIN

NOM

MAX

NOTE

0.80

0.90

1.00

0.02

0.05

Q.65

1.00

0.20 REF

018 | 023 |

0.30

5.00 BSC

4.758SC

295 | 310 |

325

5.00 BSC

4.758SC

295 | 210 |

0.50 BSC

Q.30

Q.40

0.20

8/19/04

m 2325 Orchard Parkway
San Jose, CA 95131

TITLE

32M1-A, 32-pad, 5 x 5 x 1.0 mm Body, Lead Pitch 0.50 mm,
3.10 mm Exposed Pad, Micro Lead Frame Package (MLF)

DRAWING NO. [REV. |
32M1-A
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ATmega8
Rev.D, E, F, and G
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The revision letter in this section refers to the revision of the ATmega8 device.

» Signature may be Erased in Serial Programming Mode
* CKOPT Does not Enable Internal Capacitors on XTALN/TOSCn Pins when 32 KHz
Oscillator is Used to Clock the Asynchronous Timer/Counter2

1. Signature may be Erased in Serial Programming Mode

If the signature bytes are read before a chiperase command is completed, the sig-
nature may be erased causing the device ID and calibration bytes to disappear. This
is critical, especially, if the part is running on internal RC oscillator.

Problem Fix/Workaround:

Ensure that the chiperase command has exceeded before applying the next
command.

CKOPT Does not Enable Internal Capacitors on XTALn/TOSCn Pins when
32 KHz Oscillator is Used to Clock the Asynchronous Timer/Counter2

When the internal RC Oscillator is used as the main clock source, it is possible to
run the Timer/Counter2 asynchronously by connecting a 32 KHz Oscillator between
XTAL1/TOSC1 and XTAL2/TOSC2. But when the internal RC Oscillator is selected
as the main clock source, the CKOPT Fuse does not control the internal capacitors
on XTAL1/TOSC1 and XTAL2/TOSC2. As long as there are no capacitors con-
nected to XTAL1/TOSC1 and XTAL2/TOSC2, safe operation of the Oscillator is not
guaranteed.

Problem fix/Workaround

Use external capacitors in the range of 20 - 36 pF on XTAL1/TOSC1 and
XTAL2/TOSC2. This wili be fixed in ATmega8 Rev. G where the CKOPT Fuse will
control internal capagitors also when intemal RC Oscillator is selected as main clock
source. For ATmega8 Rev. G, CKOPT = 0 {programmed) will enable the internal
capacitors on XTAL1 and XTAL2. Customers who want compatibilily between Rev.
G and older revisions, must ensure that CKOPT is unprogrammed {CKOPT = 1).
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Datasheet Revision
History

Changes from Rev.
24860-10/04 to Rev.
2486P- 02/06

Changes from Rev.
2486N-09/04 to Rev.
24860-10/04

Changes from Rev.
2486M-12/03 to Rev.
2486N-09/04

Changes from Rev.
2486L-10/03 to Rev.
2486M-12/03

2486PS-AVR~02/068

Please note that the referring page numbers in this section are referred to this docu-
ment. The referring revision in this section are referring to the document revision.

1.

Added “Resources” on page 6.

Updated “External Clock” on page 30.

Updated “Serial Peripheral Interface - SPI” on page 122,
Updated Code Example in “USART Initialization” on page 136.
Updated Note in “Bit Rate Generator Unit” on page 168.
Updated Table 98 on page 238,

Updated Note inTable 103 on page 246.

Updated “Erratas” on page 16.

Removed to instances of “analog ground”. Repiaced by “ground”.
Updated Table 7 on page 27, Table 15 on page 36, and Table 100 on page 242.

Updated “Calibrated Internal RC Oscillator” on page 28 with the 1 MHz default
vaiue.

Table 89 on page 223 and Table 90 on page 223 moved to new section “Page
Size” on page 223.

Updated descripton for bit 4 in “Store Program Memory Control Register —
SPMCR" on page 211.

Updated “Ordering Information” on page 12.

Added note to MLF package in “Pin Configurations” on page 2.

Updated “Internal Voltage Reference Characteristics” on page 40.

Updated “DC Characteristics” on page 240.

ADC4 and ADCS5 support 10-bit accuracy, Document updated to reflect this.
Updated features in “Analog-to-Digital Converter” on page 194.

Updated “ADC Characteristics” on page 246.

Removed reference to “External RC Oscillator application note” from “Exter-
nal RC Oscillator” on page 27.

Updated “Calibrated Internal RC Oscillator” on page 28.
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Changes from Rev.
2486K-08/03 to Rev.
2486L-10/03

Changes from Rev.
24864-02/03 to Rev.
2486K-08/03

Changes from Rev.
24861-12/02 to Rev.
2486J-02/03

-

10.

11.
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Removed “Preliminary” and TBDs from the datasheet.
Renamed ICP to ICP1 in the datasheet.
Removed instructions CALL and JMP from the datasheet.

Updated gy in Table 15 on page 36, Vg in Table 16 on page 40, Table 100 on
page 242 and Table 102 on page 244.

Replaced text “XTAL1 and XTAL2 should be left unconnected (NC)” after
Table 9 in “Calibrated Internal RC Oscillator” on page 28. Added text regard-
ing XTAL1/XTAL2 and CKOPT Fuse in “Timer/Counter Oscillator” on page 30.

Updated Watchdog Timer code examples in “Timed Sequences for Changing
the Configuration of the Watchdog Timer” on page 43.

Removed bit 4, ADHSM, from “Special Function 10 Register — SFIOR” on page
56.

Added note 2 to Figure 103 on page 213.
Updated item 4 in the “Serial Programming Algorithm” on page 236.

Added ty;, ryse 1o Table 97 on page 237 and updated Read Calibration Byte,
Byte 3, in Table 98 on page 238.

Updated Absolute Maximum Ratings* and DC Characteristics in “Electrical
Characteristics” on page 240.

Updated Vg, values in Table 15 on page 36.
Updated “ADC Characteristics” on page 246.
Updated “ATmega8 Typical Characteristics” on page 247.

Updated *Erratas” on page 16.

Improved the description of “Asynchronous Timer Clock — clk,gy” on page 24.

Removed reference to the “Multipurpose Oscillator” application note and the
“32 kHz Crystal Oscillator” application note, which do not exist.

Corrected OCn waveforms in Figure 38 on page 88.
Various minor Timer 1 corrections.
Various minor TWI corrections.

Added note under “Filling the Temporary Buffer (Page Loading)” on page 214

‘about writing to the EEPROM during an SPM Page load.

Removed ADHSM completely.
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Changes from Rev.
2486H-09/02 to Rev.
24861-12/02

Changes from Rev.
2486G-09/02 to Rev.
2486H-09/02

Changes from Rev.
2486F-07/02 to Rev.
2486G-09/02

Changes from Rev.
2486E-06/02 to Rev.
2486F-07/02

2486PS-AVR-02/06

10.

11.

12.

13.

14,

15,

16.

17.

Added section “EEPROM Write during Power-down Sleep Mode” on page 21.
Removed XTAL1 and XTAL2 description on page 5 because they were already
described as part of “Port B (PB7..PB0) XTAL1/XTAL2/TOSC1/TOSC2"” on
page 5.

Improved the table under “SPI Timing Characteristics” on page 244 and
removed the table under “SP! Serial Programming Characteristics” on page
239.

Corrected PC6 in “Alternate Functions of Port C” on page 59.

Corrected PB6 and PB7 in “Alternate Functions of Port B” on page 56.

Corrected 230.4 Mbps to 230.4 kbps under “Examples of Baud Rate Setting”
on page 157.

Added information about PWM symmetry for Timer 2 in “Phase Correct PWM
Mode” on page 111.

Added thick lines around accessible registers in Figure 76 on page 167.

Changed “will be ignored” to “must be written to zero” for unused Z-pointer
bits under “Performing a Page Write” on page 214.

Added note for RSTDISBL Fuse in Table 87 on page 221.

18.Updated drawings in “Packaging Information” on page 13.

1.Added errata for Rev D, E, and F on page 16.

1.Changed the Endurance on the Flash to 10,000 Write/Erase Cycles.

1 Updated Table 103, “ADC Characteristics,” on page 246.

Changes in “Digital input Enable and Sleep Modes” on page 53.
Addition of OCS2 in “MOSI/0C2 - Port B, Bit 3” on page 57.

The following tables has been updated:

Tabie 51, “CPOL and CPHA Functionality,” on page 130, Table 59, “UCPOL Bit Set-
tings,” on page 156, Table 72, “Analog Comparator Multiplexed InputV " on
page 133, Table 73, “ADC Conversion Time," on page 198, Table 75, “Input Chan-
nel Selections,” on page 204, and Table 84, “Explanation of Ditferent Variables
used in Figure 103 and the Mapping to the Z-pointer,” on page 219.
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Changes from Rev.
2486D-03/02 to Rev.
2486E-06/02

Changes from Rev.
2486C-03/02 to Rev.
2486D-03/02

Changes from Rev.
2486B-12/01 to Rev.
2486C-03/02
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5 Changes in “Reading the Calibration Byte” on page 232.

6 Corrected Errors in Cross References.

Updated Some Preliminary Test Limits and Characterization Data
The following tables have been updated:

Table 15, “Reset Characteristics,” on page 36, Table 16, “Internal Voltage Refer-
ence Characteristics,” on page 40, DC Characteristics on page 240, Table , “ADC
Characteristics,” on page 246.

Changes in External Clock Frequency
Added the description at the end of “External Clock” on page 30.
Added period changing data in Table 99, “External Clock Drive,” on page 242.

Updated TWI Chapter

More details regarding use of the TWI bit rate prescaler and a Table 65, “TW| Bit
Rate Prescaler,” on page 171.

Updated Typical Start-up Times.

The following tables has been updated:

Table 5, “Start-up Times for the Crystal Oscillator Clock Selection,” on page 26,
Table 6, "Start-up Times for the Low-frequency Crystal Osciliator Clock Selection,”
on page 26, Table 8, “Start-up Times for the External RC Oscillator Clock Selec-
tion,” on page 27, and Table 12, “Start-up Times for the External Clock Selection,”
on page 30.

2 Added “ATmega8 Typical Characteristics” on page 247.

1

Updated TW! Chapter.

More details regarding use of the TWI Power-down operation and using the TWi as
Master with low TWBRR values are added into the datasheet.

Added the note at the end of the “Bit Rate Generator Unit” on page 168.
Added the description at the end of “Address Match Unit” on page 168.

Updated Description of OSCCAL Calibration Byte.

In the datasheet, it was not explained how to take advantage of the calibration bytes
for 2, 4, and 8 MHz Oscillator selections. This is now added in the following
sections:

improved description of “Osciitator Calibration Register ~ OSCCAL” on page 29 and
“Calibration Byte” on page 223.

Added Some Preliminary Test Limits and Characterization Data.
Removed some of the TBD’s i the following tables and pages:

Table 3 on page 24, Table 15 on page 36, Table 16 on page 40, Table 17 on page
42, "T 5 = -40°C 10 85°C, V¢ = 2.7V to 5.5V (unless otherwise noted)” on page 240,
Table 99 on page 242, and Table 102 on page 244.

Updated Programming Figures.

Figure 104 on page 224 and Figure 112 on page 235 are updated to also reflect that
AV must be connected during Programming mode.
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5 Added a Description on how to Enter Parallel Programming Mode it RESET
Pin is Disabled or if External Oscillators are Selected.

Added a note in section “Enter Programming Mode” on page 226.
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