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Abstract

The support device is designed for a patient who suffers from spinal cord injuries or who
never moves for a long time to move normally. The support device simulates normal gait by using
support fwo arms that can swing away independently by motor . The first depending arm for
attachment the patient’s leg is above knee and the second depending arm is attached to the

patient’s ankle In this semester we simulate for one leg by using microcontroller controls arms

moving like human with the data.
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2.4.3 Sensor Optical Encoder
' ] v ¥ Y e A o g
ﬂqnmﬂ‘lﬁ Scnsor mmlu Tﬂia’diNi]z1Iﬁzﬂaumﬂmmmﬂum,ﬂ’muuﬁwagﬂ
o 3/ 1 et ° Y [ o ] v =
AUNAAVUULH UDIUN AL “ﬂumi‘n1§Lﬂ1z”l’ﬁau~”]imuTﬂﬂﬂmﬁuwamﬂazgi}z!ﬂumi
o ar o o ar 1 @
MU UAVHIAVDIDIAT HANNITNINTHVDUFULYD T ﬁ’ml‘l §17 Sensor LTI Photo
X [} ] =5 [ o ] F ar N . d' 3
Electric siunaahldansy Ahunuuaoaneg o1 dy1a Photo Electric 1 Sensor NEaiipy
d'w a 1 1 =y a 1 A dl ' U e W ]
Vunayq Widivazdemasdn L n3aaumniny 5 V) 3NUTINAINIE WU T LA IU D8N
&S ¥ o o Vel 1w A YA r 1 e o w o o W '
5 v SedoarSuussauliinumidu 5 v ime 1A 1M 1AUAIUT W UN Board 935018 Tramsae
¥ Ed 1
o 1 ar ] 9 =2 Y = ar o
feunIu R 151 33062 aadnan Anode 1az Collector 41 TWiRea il ums1lsuns s
Va1 [ ar o d"d 1 " Y oar 1
Tviaun1nu 5 v midiuusaauiisani Pull Up ua 19y Photo Electric"lummiﬂmq
] a'w as W v Py [y 1 [ =Y d‘ ] =l v o :
Lmumunauq"h]wmm"lﬂ AADINNIND O LUALTTHUAIGOINNIUTUATIINAIT0 AIUUL
& F W ¥ ' . s A 3 Y o Y v Y
399A9 UMY R 17D 2 ME2 31091 Emitter 2905176 !‘NﬂrlﬁﬂlﬂWﬂﬁJﬂdﬁiginmﬂnlﬂllﬂWiﬂ

1nd 0 Thnniiga
1 4 1 Anode
3 ' 2. Cathode
2 3 3. Collector
4. Emitter

FEMIMNHUATUIAYDIDIAUT 1 1 FHARVDS Binary code Aduaadlumsn

wuwa?ﬁaﬁ 1 wuwa{ﬁaﬁ 2 lclflllcliﬁl‘{ﬁ")ﬁ 3 B
0 0 0 0
0 0 1 10
0 1 0 20
0 1 1 30
I 0 0 40
1 0 i 50
1 1 0 60
1 1 1 70




& a ¥ o [ N ~ = ' ' Y o N o N
wnansiidwenasianubdmsunislynuienisnwiniiu lueygislmihlulsyszlesuaunisan

lunnsailag edu BnviamudiludiauUadilent uavnesendisaivetenaisynasanidnisiluly



-130 -

244 5?]‘51!%’]!%ngu(angularspeed)

= =) 4 s

o o ar 4 U : ¢='
AT MRRRm AU AU Inavfina 1 INua i udea Nue o udu i ian

aQ q

- <1 9 a - =% =) = 1 & v d a @
maau‘nvlﬂ‘lunm 1 1IN BAUTIDIVNTINDNDUIIUUIN DATUT IEUTY (v)

»
Y a

] P~ =4 A4 A o as P -
Llﬂiuﬂuﬂqn ﬂ'ﬂ!‘j’lﬂﬂﬂ‘i:’mﬂﬂud “]5\“1]1!n1TUaﬂaﬂi1ﬂ15!ﬂﬂﬂullﬂﬂqm651,‘luﬂ?‘ﬂ
o ] w a A oa v o d a ' ' 3
ﬂ‘uﬂﬂmd lui’)\jﬂ‘lﬂﬂ‘ﬁﬂ’]‘lﬂqﬂ‘va\jiﬂn iu I 3 1N aﬂi]ﬁ'jﬁqun (W) pIuUN T?)!llm

HewsasuFagu (w) de yuhiaiinna 113l 1 Suisimiseilu s@eusui

a

P L' P [ [} [ ~ A - = = [
tﬂuquﬁ;ﬂﬁuﬂnmamaammmnnmuTﬂmeﬂaumﬂaauﬂiuna1 1 1M 9ATL3)

- o o r =) LY ~ t 9
l‘]f\‘llallll.ﬂuﬂ'ilnﬂ\lﬁ!ﬂﬁ13 HU LTIRUUADIUTIN ‘H']ﬂﬂ.ﬂi]]ﬂ
A8
(1) = —
At
- =] o =1 ar r - p= roa =
e o A0 DATUITIVOIIAYIOUVUAUNIYU HUIUAD LTINUUADIUTN

............... (2.5)

A@ o yuiiagnnallunaidu nineds 15ieu
f=2r 15l

At f9 namiFlumsmdous vune T



-3 -

unn 3

HanN 1509 NUUY

3.1 1m:mnmsaammuqﬂmmaﬁmmu
a o £q Vs a oo c;dc!‘ 3 o
ﬂﬁ'l’)ﬂﬂLl'U‘Ull'U‘Uinﬁﬂdﬂ]i!ﬂuﬂﬂﬂnu'ﬂﬂiﬂnﬂi:ﬁﬂ‘ﬁﬂWW‘ﬂﬂ‘V\fIﬂﬂENmﬂinﬂ
= w @ 1 1 Vv ; A;d o = o e
MIFANHEIDINATAULUVUDYNDDINUN ﬂliﬂu‘nuﬂamuazaﬂymzmimuﬂsamuyﬂ INNITANH
d‘. 4 a T t e o = o d' = J x;l o
1115@4?\'5‘53']7]&11‘1)")\1@N“UENIJL‘I'HU ANEHUZNIAUVOINYBY HANINAVUUDILNINNITIAY
+ 1Y » *
o 1 a ar as @ [ o ar
Yowyuindon13 Marua fs szezedaluuadimiauazvuuduiulan mydaiumga

¥ »

¥ = = )
VBINATUIUD Tﬂauuumnmsaaﬂuuumu

k4
JoazInn
W ball & socket Feannsanyuidsougaryuna lulnsanmui fvualimu

= o < = =1 LY -4
vlgl}ﬁ'ﬂ\j'ﬂﬁ‘ﬂWQ ﬁf’) AaruuLaZnIwAIY 5?)'lJLLﬂULWUQ!lﬂULﬂU']']'N‘U“Ll“/lﬂllﬁujaﬂ

3/ ¥
Yo1u1
Y o ) & Y o ¥
!ﬂu“lli’)lLUU‘UWUWU hinge type qmmmmm.gu"lmmumuwuua:mgu"lﬂsaqu:gu
Yo 2w &4 oo v v - A o o
"lﬂamanuaﬂ "b’»ﬂujﬂidﬂu‘NﬂWHUGlclﬂﬂlaluulﬂﬁﬂxi‘ﬂﬁ‘ﬂN D ATYIULBEIMIUVAYTOULENY

»
EWUQ!LﬂNLﬁH’JJ%‘Wu]uﬁﬂﬁuiaﬂ !“Bulﬁﬂ')ﬁu%ﬂﬁiiﬂﬂ

Y
YOIN
ﬂ v A vlv C oA e 41 T 2o ¥ nlv
Huvanyu ?I‘ii]‘l_l%‘ﬂﬂQul‘ﬁukﬂﬂ?ﬂu%ﬂﬁzj“ﬂﬂ INRYE ﬂ'i'\i\ﬂuuﬂ'l'ﬂuﬂiﬂﬁl,‘lu A
= A o c p=1 Y A:J o
2 NIANIN AZAUIULLEENIWIAY ﬁ'B‘]Jllf]‘L!WIU’J'HQ‘ULITHﬂ'U'WL!Tﬁﬂ“qu1uﬁﬂﬂm$ﬂ$ﬂﬂqﬂ

¥ ¥ [ o o 1 '
YMHUT !‘lﬂllﬂU’JﬂUﬂJﬂﬁziWﬂt!ﬁzﬂJﬂHﬂ

¥
LN 4 =]

Tumaauvesnyudnduiioszilumduiiduazdwihumhidne iiiansuyuea

>
9 v

v 3 o o ar * o a
Jonoa1eq Felulnranuiiimualdlduemednseuans uilududmdwas 19 15 udariu

o a

fds hildarosiidadnegivunussgiiiiouviounuiasnevais



& a ¥ o [ N ~ = ' ' Y o N o N
wnansiidwenasianubdmsunislynuienisnwiniiu lueygislmihlulsyszlesuaunisan

lunnsailag edu BnviamudiludiauUadilent uavnesendisaivetenaisynasanidnisiluly



& a ¥ o [ N ~ = ' ' Y o N o N
wnansiidwenasianubdmsunislynuienisnwiniiu lueygislmihlulsyszlesuaunisan

lunnsailag edu BnviamudiludiauUadilent uavnesendisaivetenaisynasanidnisiluly



& a ¥ o [ N ~ = ' ' Y o N o N
wnansiidwenasianubdmsunislynuienisnwiniiu lueygislmihlulsyszlesuaunisan

lunnsailag edu BnviamudiludiauUadilent uavnesendisaivetenaisynasanidnisiluly



-135-

(¥ s ¢
3.3 ¥ANMIPRNUULIIIVUNDINDS
o o o a o .
MITUNDIADS 191995 VULUIEY-US A (H-Bridge) Taaldinn
a 4 3 = oy o f -:
3.3.1 NvtvseIneIRptinuantinasne 1l
Y 1 Vv ’ o
1. mwsenuussauaseulduinnii 12 Thad
£ 9 ’ s
2. dunsovun T launA 10 ueuuls
2 modmy. as A«
3. ANuDMIAINT 14 100 A ladsad
o o Ve o AW o o
4. HlaTeameas IMAuLsId URID UN AV INUDIADS

3.3.2 HANNITOBNIIVISDITUNBIADS

% [#:]
(- G
@ mreuns 2|

IS

- o o a o
717 3.5 25 1uDmBsIUY 18%-1TAd
HANNITHINILUYD4I99T 3.1 NIz ad UL N UA DA IU BTN IO UTUR LT HUR )
[ F
a1y

o o v @ fa e 1 ' < o o o °
llﬁzﬂﬁuu%]Ui)$7'|'|»ﬂ1«lﬂllﬂﬂﬁﬂllﬂ'Ja'N‘U'J'I Tﬂﬂllﬁazﬂﬁﬂﬁ’nn1%37]]3114“5@11"]1’“4%\3%5“1

¥ L4 w e o L] ar = L] V¥ o Vv L] nyl 3
Tueaweinyuaduianuiu luduvesdivenssisziwn i idmniawinly



- 36 -

o g1 as Lo ar & ¥ ) o (=4 - o - =
niuFmneTaoiu Uty s AsauRauE M uSano SuuuOU-A-IO U Uaz WD U-A Ao
fudegthiveas i Inmns vk

'
=l =

o ¥ Y i
Tasmsiaennldnues IRFZ44aN Aansalinszua’ldmnniiqan souounlsh
o ¥ o = o < 1 Y o ar ¥ 's S
ussauitlouldiunnieuduaeatiauiidy 10 Taduazaunsanunsaau'ld ssThaduazs
¥ = oo o = ¥y ¢ ar o
TaToalinszua vadludaeiaddimsumuganes Budimeludes Tasfisweani
=1 RPN a 1w - o A e ¥
nudszghuinaveuamnnigaminy 1470 Wiakia enldmanudwmmulunsnie
(Y = o
Yszgvaanniii 1.2 Alalavuaez lana Tumsmnlizezie
t=5RC
= 5*1200%1470%10 " S
~8.82*10° Ju#
o ' = = = Y a a o
sld lamnnutnafigaicnunseldldie 113.38 Aladsad
' o 0o q ¥ 2 o v & 0
mvaanszuanaunsai Tineusasuhinulane 25 lulasueuls Aves

wa( A msugames viniialdfe 470 Avesdasiveenszuadio 4, B, = 2209 *10° n1n

"
a a

~ o q ¥ < S o M ' ¥ o q ¥ s [
W@ﬂﬁ]zﬂﬂ‘ﬁ1’15']1!“']1?1’1?]0‘57]1\311!% Iﬂﬂﬂ'l‘llﬂ\i!ﬁdﬂuﬁllﬂuﬂﬁ'lll"I‘iﬂﬂﬂﬁtﬂ‘ﬂﬂNWullﬂﬂ@

td
=B 1

P ' " s o o { o
2.0-4.0 Taaualumseenuuuez Timvewswuiilinumdvuswuinangaimnawiso
o WM o ¥ s dyd * oW e~ o | oo
dunszualddio 10 Tras lumsesnuuulFawseauiiiaumsy 113 Taaniaumi
o Vo P P = ot o o aa e
usaruitou N uns T mae s H-BU-RauAUA W WS WUV NDARUD lineS Las

< ' o o ¥ s d ' o A 3
lﬂﬂﬂf\'nﬂ'ﬁﬂ'ﬂ‘Nﬂ1tlidﬂuﬂ£ﬂﬂ.lﬂl‘¥l'lﬂ‘lj 20 I'Jﬁﬂ"ﬁﬂﬂl'ﬂuﬂ'ﬂlidﬁu'ﬂM‘Vlﬁ'lll'l'iﬂ‘ﬂuvlﬂ



-37 -

=
unn 4

Han13nNaaod

°lu1mﬁyi)zna'nﬁamsmamﬁ"lﬁﬁnﬁamﬁauﬁmf;zmiﬁwa1u'jwﬁmm
Al 1duazanugadesnnileuiivala
MINAADY
NAADINITHYUVDINBIADS

NARDINIAIUAVBIFNNTIAADUTIASUILUYD Y B

3
gaszaqn
INBAS VAU HYUVDIUDIADT
(BRI TOUANFURUTAITHYULDINBIADS ABIA

[ » [}
Weveaaumssniminvoswwdeninis 1Hauese

oo
IEn1snaned
- v . . dede
1. WauThsunsulnuemes nyumumnnudidimua
a o .L L4 11 o
2. Guhmsnaaea lasmsdalnveiresurazaivyu
1 » 14
3. nhivinn1szaeIuBAa T UARZA 1T LATNINIT A

4. Mamstunanamsnaana



& a ¥ o [ N ~ = ' ' Y o N o N
wnansiidwenasianubdmsunislynuienisnwiniiu lueygislmihlulsyszlesuaunisan

lunnsailag edu BnviamudiludiauUadilent uavnesendisaivetenaisynasanidnisiluly



& a ¥ o [ N ~ = ' ' Y o N o N
wnansiidwenasianubdmsunislynuienisnwiniiu lueygislmihlulsyszlesuaunisan

lunnsailag edu BnviamudiludiauUadilent uavnesendisaivetenaisynasanidnisiluly



& a ¥ o [ N ~ = ' ' Y o N o N
wnansiidwenasianubdmsunislynuienisnwiniiu lueygislmihlulsyszlesuaunisan

lunnsailag edu BnviamudiludiauUadilent uavnesendisaivetenaisynasanidnisiluly



- 41 -

MSUN 4 ATNTUANHANIINARDIM SRR UNYEIN ASIN L

s B ¥ ¥ o v b d
WHIZNMTIAU Yoare Iwn error VOH U error VoI error
(238) (%) (94717) (%) (03711) (%)
NOWR | nAa0a oMY | NADa Ny | neasa
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4. Honsuse 10 i1 10 40 42 5 |20 21 5
(acceleration)
5. LAANAN 20 21 5 50 52 4 |-10 -11 10

{mid swing)

6. AABATUTA 30 30 0 60 60 0 |-20 21 5

(deceleration)
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#include <avr/io.h>

#include <avr/interrupt.h>
#include <compat/deprecated.h>
#include <stdio.h>

#define F_CPU 8000000UL //define your clock here
#include <util/delay.h>

#define motor PORTC

#define motor_DDR DDRC

#define motor DDR_OUT
(1<<DDC3)|(1<<DDC4)|(1<<DDC3)j(1<<DDC2)|(1<<DDC1){(1<<DDCO0)

#idefine motorlf0
#define motorlb |
fidefine motor2f 2
#define motor2b 3
ftdefine motor3i 4
fidefine motor3r 5

#define motor_on(x) sbi(motor,x);
#define motor_off(x) cbi(motor,x);

//prototype function///////11/
void allmotor_off {);

void delay_ms (uint8_t i);
void heelstrike();

void footflat();

void midstance();

void acceleration();

void midstance();

void deacceleration();

void init_position();

I T

H1HHTIGlobal variable///1H1HTHHT

unsigned int templ,templ_1templ 2templ_3temp2,temp2_1,temp2 2temp2 3;
unsigned int temp3,temp3_1,temp3 2 temp3_3,sensor0,sensorl,sensor?;
R

void delay_ms (uint8_t i)
{

for (;1>0;i--)

{

_delay_ms(1);



}

void allmotor_oft ()

{
motor off{0);

motor_oft(1);
motor_off(2);
motor_off(3);
motor_off(4);
motor_off(5);
delay ms(1);

}
void init_position()
{
while ((sensor0!=4)|(sensor1!=0)|(sensor2!=4))

{

if (sensor(>4)
motor_on{motor 1f);

if (sensor0<4)

motor_on(motor L b);

if (sensor1>0)
motor_on{motor2f);

if (sensor2>4)
motor_on{motor3l);

if (sensor2<4)

motor_on(motor3r);

}
}

void heelstrike()

{
whiie ((sensor0!=7)|(sensor1!=0))

{

if (sensor(<4)
motor_on(motor1f);

if (sensor1>0)
motor_on(motor2f);

3

if (sensor2>4)
motor_on{motor31);

if (sensor2<4)

motor_on{motor3r);

H



}

void footflat()
{

while ((sensor0!=6)|(sensor11=2))

{

if (sensor0<6)
motor_on(motor1f);
if (sensor0=6)
motor_on(motor1b);

if (sensor [>0)
motor_on(motor2b);

if (sensor [ <0)
motor_on{motor2f);

if (sensor2>4)
motor_on{motor3l);

if (sensor2<4)

motor_on(motor3r);

}
}

void midstance()

{
while ((sensorQ!=4)|(sensor1!=2))

{

if (sensor0<4)
motor_on({motor1f);
if (sensor(>4)
motor_on(motor1b);

if (sensor1>1)
motor_on{motor2b);

if (sensorl<1)
motor_on{motor2f);

if (sensor2>4)
motor_on{motor3l);
if (sensor2<4)
motor_on({motor3r);
}
}

void acceleration()



while ((sensor0!=3)|(sensor11=4))
t

if (sensor0<3)
motor_on{motor | f);
if (sensor(>3)
motor_on{motor Lb);

if (sensor1>4)
motor _on(motor2b);
if (sensor1<4)
motor_on(motor2f);

if (sensor2>4)
motor_on(motor3l);

if (sensor2<4)

motor_on{motor3r);

}
;

vold deacceleration()

{
while ((sensor0!=7)|(sensor1!=5})

{

if (sensor0<7)
motor_on{motor1f);
if (sensor0>7)
motor_on(motor1b);

if (sensorl>5)
motor_on(motor2b);

if (sensor1<5)
motor_on(motor2f);

if (sensor2>4)
motor_on(motor3l);

if (sensor2<4)

motor_on{motor3r);

}

I T
int main ()



{

DDRA=(0<<DDAS5){(0<<DDA#)|(0<<DDA3)(0<<DDA2)|(0<<DDA1)|(0<<DDAOY,
DDRB=(0<<DDB3);
DDRD=(0<<DDD3)|(0<<DDD2);
PORTA=0x00;
PORTB=0x00;
PORTC=0x00;
PORTD=0x00;

{/interrupt section///////
SREG = (1<<7); /Iset to Enable Global interrupt
GICR = (1<<INTL)|{1<<INTQ)|(1<<INT2); //choose source of interrupt
MCUCR|=0<<ISC11)|(1<<ISC10)|(0<<ISCO1)|(1<<ISCO00);
HISCI1X for intl and ISCOX for int0 ,01 for any change
//and 10 for falling edge ,11 for rising edge
MCUCSR = (1<<ISC2); //int2 type int 1 for high 0 for low
PORTC= 0x00;
delay ms(100);
allmotor_oft();
init_position(};
while(1)
{
heelstrike();
footflat();
midstance();
acceleration();
midstance();
deacceleration();
midstance(};
acceleration();
midstance();
footflat(};

return O;

ISR (INTO_vect) //from int0
{

allmotor off();
temp3=PINA;
temp2=PINB;
temp1=PIND;



T T T

if ((temp 1==0x04)|(temp1==0x0C))
temp2 1=(1<<0);

else

temp2 1=(0<<0);

if(temp3&0x01)

temp2 2=(1<<1);
else

temp2 _2=(0<<1);
if(temp3&0x02)

temp2 3=(1<<2);
else

temp2 3=(0<<2);

sensor0=(temp2_1)|(temp2_2)|{(temp2 3);
I T

if ((temp1==0x08)|(temp1==0x0C))
templ 1=(1<<0);

else

templ 1=(0<<();

1f(temp3&0x04)

templ_2=(1<<1);
else

templ 2=(0<<1);
if(temp3 &0x08)

templ 3=(1<<2);
else

templ 3=(0<<2),

sensorl=(templ 1)j(templ 2)|(templ_3);

if {temp2==0x04)
temp3_1=(1<<0);
else
temp3_1=(0<<0);

if{temp3&0x10)



temp3_2=(1<<1);

clse

temp3 2=(0<<1);
1(temp3&0x20)

temp3 3=(1<<2),
else

temp3_3=(0<<2);

sensor2=(temp3_1)|(temp3 2)Ktemp3_3);

}

ISR (INT1_wvect) //from intl
{

allmotor_off{);
temp3=PINA;
temp2=PINB;
temp1=PIND;

TR T T
LU T

if ((temp 1==0x04)|(temp 1==0x0C))
temp2 1=(1<<0);

else

temp2_1=(0<<0);

if(temp3&0x01)

temp2 2=(1<<1);
else

temp?2_2=(0<<1);
1f{temp3&0x02)

temp2_3=(1<<2);
else

temp2_ 3=(0<<2);

sensor0=(temp?2_1)|(temp2_2)[(temp2_3);
i

if ((temp 1==0x08)}(temp | ==0x0C))



templ 1=(1<<0);

else

templ 1=(0<<0);

if(temp3&0x04)

templ _2=(1<<1);
else

templ_2=(0<<1);
1f(temp3 &0x08)

templ_3=(1<<2);
else

templ_3=(0<<2);

sensorl=(templ 1)|(templ 2)|(templ 3);

if (temp2==0x04)
temp3 1=(1<<0);

else

temp3_1=(0<<0),

if(temp3&0x10)

temp3 2=(1<<1);
else

temp3 2=(0<<1);
if(temp3 &0x20)

temp3_3=(1<<2);
else

temp3_ 3=(0<<2),

sensor2==(temp3_1)|(temp3_2)|(temp3_3);

T T T

}

ISR (INT2_vecty/* External Interrupt Request 2 */

{
temp3=PINA,;



temp2=PINB;
temp1=PIND;
HITHE T T

if {{temp 1==0x04)|(temp1==0x0C))
temp2_1=(1<<0);

else

temp2 1=(0<<0);

if(temp3&0x01)

temp2 2=(1<<1);
else

temp2 2=(0<<1);
if(temp3&0x02)

temp2_3=(1<<2);
else

temp2_3=(0<<2);

sensor0=(temp2_1)[{temp2_2)[(temp2_3);
T T

if ((temp 1==0x08)|(temp 1==0x0C))
templ_1=(1<<0);

else

templ_1=(0<<0);

if(temp3 &0x04)

templ 2=(1<<1);
else

templ 2=(0<<1);
if{temp3&0x0R)

templ 3=(1<<2);
else

templ 3=(0<<2);

sensorl=(templ_1)|(templ_2)|(templ _3);

if (temp2==0x04)
temp3_ 1=(1<<0);
else
temp3_1=(0<<0);



if{temp3&0x10)
temp3 2=(1<<1);

else

temp3_2=(0<<1),
if(temp3&0x20)

temp3 3=(1<<2);
else

temp3_3=(0<<2);

sensor2=(temp3 1)|(temp3 2)i(temp3_3);



Features

* High-performance, Low-power AVR® 8-bit Microcontrolier
* Advanced RISC Architecture
— 131 Powerful Instructions ~ Most Single-clock Cycle Execution
— 32 x 8 General Purpose Working Registers
~ Fully Static Operation
-~ Up to 16 MIPS Throughput at 16 MHz
— On-chip 2-cycle Multiplier
* High Endurance Non-volatile Memory segments
— 32K Bytes of In-System Self-programmable Flash program memory
- 1024 Bytes EEPROM
— 2K Byte Internal SRAM
—~ Write/Erase Cycles: 10,000 Flash/100,000 EEPROM
— Data retention: 20 years at 85°C/100 years at 25°C!")
— Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program
True Read-While-Write Operation
— Programming Lock for Software Security
» JTAG (IEEE std. 1149.1 Compliant) Interface
— Boundary-scan Capabilities According to the JTAG Standard
— Extensive On-chip Debug Support
- Programming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG Interface
* Peripheral Features
— Two 8-bit Timer/Counters with Separate Prescalers and Compare Modes
— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture
Mode
— Real Time Counter with Separate Osciliator
— Four PWM Channels
— 8-channel, 10-bit ADC
8 Single-ended Channels
7 Differential Channels in TQFP Package Only
2 Differential Channels with Programmable Gain at 1x, 10x, or 200x
— 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 Oscillator
- External and Internal Interrupt Sources
— Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby
and Extended Standby
* /O and Packages
— 32 Programmabile VO Lines
— 40-pin PDIP, 44-lead TQFP, and 44-pad QFN/MLF
* Operating Voltages
— 2.7- 5.5V for ATmega32L
~ 4.5 - 5.5V for ATmega32
* Speed Grades
— 0 -8 MHz for ATmega32L
— 0-16 MHz for ATmega32
* Power Consumption at 1 MHz, 3V, 25°C for ATmega32L
— Active: 1.1 mA
— Idle Mode: 0.35 mA
- Power-down Mode: <1 pA

ATMEL
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8-bit AVR’
Microcontroller
with 32K Bytes
In-System
Programmable
Flash

ATmega32
ATmega32L
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Pin Figure 1. Pinout ATmega32
Configurations PDIP
./
(XCK/TO) PBO i 1 40 [1 PAQ (ADCO)
(T1) PB1 O 2 39 13 PA1 (ADC1)
(INT2/AINO) PB2 : ] 3 38 | i PAZ (ADC2)
(OCO/AINT) PB3 i | 4 37 |1 PA3 (ADC3)
(SS) PB4 | 5 36 |1 PA4 (ADC4)
(MOS1) PB5 7] 6 35 {1 PAS (ADCS)
(MISO) PB6 - | 7 34 1.1 PA6 (ADCS)
(SCK) PB7 | 8 33 |2 PA7 (ADC7)
RESET °] 9 32 |1 AREF
VCC 1| 10 31 [ GND
GND 1 11 30 |1 AVCC
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(oCc1A) PD5 L} 19 22 [l PCO (SCL)
(ICP1) PD6 ] 20 21 |3 PD7 (OC2)
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Overview The ATmega3?2 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 ATmega32 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

PAQ - PA7 PCO - PC7
veC

1
M
b
PORTA DRIVERS/BUFFERS PORTC DRIVERS/BUFFERS i ] :
i !
GND [ PORTA DIGITAL INTERFACE I PORTC DIGITAL INTERFACE |
! o
AVCC - . S /\" *
MUX & ADC e o Wi
ADC INTERFAGE
AREF T i
i TIMERS/ :
: -—-l OSCHLATOR ;
J PROGRAM | STACK iowl GOUNTERS ‘—,'.M,J ;
COUNTER POINTER : :
PROGRAM INTERNAL
FLASH SRAM e OSCILLATOR ‘
B e - £ oxTALY
; \ I il
HE i
INSTRUCTION GENERAL | i | WATCHDOG E
REGISTER . PURPOSE i TIMER OSCILLATOR ; —
AEGISTERS | | l P i
O P XTALZ
L] X H ;
INSTRUCTION 1 ¢ MCU CTRL. [
DECODER MY ETIMING 4 ﬁ i~ RESET

l

REGISTER

CONTROL INTERRUPT INTERNAL
LINES UNIT CALIBRATED
OSCILLATOR
AVR CPU STATUS : R

i PROGRAMMNG

; ppi sPI )o—- USART
e coMP.

: — INTERFACE

PORTH DIGITAL INTERFACE
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| !

PORTB DRIVERS/BUFFERS I PORTD DRIVERS/BUFFERS
[3 T
1
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i
*y ¥ ¥ v
PBO-PB7 PDO - PD/
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Pin Descriptions
vce
GND

Port A (PA7..PAO)

AImEL

The AVR core combines a rich instruction set with 32 general purpose working registers. All 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 resuiting
architecture is more code efficient while achieving throughputs up to ten times faster than con-
ventional CISC microcontrollers.

The ATmega32 provides the following features: 32K bytes of In-System Programmable Flash
Program memory with Read-While-Write capabilities, 1024 bytes EEPROM, 2K byte SRAM, 32
general purpose /0 lines, 32 general purpose working registers, a JTAG interface for Boundary-
scan, On-chip Debugging support and programming, three fiexible Timer/Counters with com-
pare modes, internai and External Interrupts, a serial programmable USART, a byte oriented
Two-wire Serial Intertace, an 8-channel, 10-bit ADC with optiona! differential input stage with
programmable gain (TQFP package only), a pregrammable Watchdog Timer with internal Oscil-
lator, an SPI serial port, and six software selectable power saving modes. The idle mode stops
the CPU while allowing the USART, Two-wire interface, A/D Converter, SRAM, Timer/Counters,
SPI port, and interrupt system to continue functioning. The Power-down mode saves the register
contents but freezes the Oscillator, disabting alt other chip functions until the next External Inter-
rupt 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 IO modules except Asynchronous Timer and
ADC, to minimize switching noise during ADC conversions. In Standby mode, the crystal/reso-
nator Oscillator is running while the rest of the device is sleeping. This aliows very fast start-up
combined with low-power consumption. In Extended Standby mode, both the main Oscillator
and the Asynchronous Timer continue to run.

The device is manufactured using Atmel’s high density nonvolatile memory technology. The On-
chip ISP Flash allows the program memory to be reprogrammed in-system through an SPI serial
interface, by a conventional nonvolatile 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 ATmega32 is a powerful microcontrolter that provides a highly-flexible and cost-etfec-
tive soluticn to many embedded control applications.

The ATmega32 AVR is supported with a full suite of program and system development tools
including: C compilers, macro assemblers, program debugger/simulators, in-circuit emulators,
and evaluation kits.

Digital supply voltage.
Ground.

Port A serves as the analog inputs to the A/D Converter,

Port A also serves as an 8-bit bi-directional I/O port, if the A/D Converter is not used. Port pins
can provide internal pull-up resistors (sefected for each bit). The Port A output buffers have sym-
metrical drive characteristics with both high sink and source capability. When pins PAQ to PA7
are used as inputs and are externally pulled fow, they will source current if the internal pull-up
resistors are activated. The Port A pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

4 ATmega32(L) m————
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Port B (PB7..PB0)

Port C (PC7..PC0)

Port D (PD7..PD0)

RESET

XTAL1

XTAL2

AVCC

AREF

2503KS-AVR-08/07

Port B is an 8-bit bi-directional I/O port with intemal 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 pull-up
resistors are activated. The Port B pins are tri-stated when a reset condition becomes active,
even it the clock is not running.

Port B also serves the functions of various special features of the ATmega32 as listed on page
57.

Port C is an 8-bit bi-directional /O port with internal pull-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 externally pulled 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 JTAG interface is enabled, the pull-up resistors on pins
PC5(TDI), PC3(TMS) and PC2(TCK)} will be activated even if a reset occurs.

The TDO pin is tri-stated unless TAP states that shift out data are entered.
Port C also serves the functions of the JTAG interface and other speciai features of the
ATmega3?2 as listed on page 60.

Port D is an 8-bit bi-directional 110 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 also serves the functions of various special features of the ATmega32 as listed on page
62.

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

Input to the inverting Oscillator amplifier and input to the internal clock operating circuit.

Output from the inverting Oscillator amplifier.

AVCC is the supply voltage pin for Port A and the A/D Converter. It should be externally con-
nected 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.

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

ATMEL | ;
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Resources A comprehensive set of development tools, application notes and datasheets are available for
download on http://www.atmel.com/avr.

Data Retention  Reliability Qualification results show that the projected data retention failure rate is much less
than 1 PPM over 20 years at 85°C or 100 years at 25°C.

6 ATmega32(L) e ———————

2503KS—-AVR-08/07



—————— A T M ega32(L)

Register Summary

Address Name Bit7 Bit 6 Bit5 Bit 4 Bit3 Bit 2 Bit1 Bit 0 Page
$3F ($5F) SREG | T H S vV N z c 10
$3E ($5E) SPH 2 '— o R — S£11 SP10 SP9 SP8 12
$30 (350} SPL SP7 3P8 5P5 SP4 SP3 SP2 SP1 SP0 12
$3C (35C) OCRO Timer/Counter) Qutput Compare Register 82
$38 ($58) GICR INT1 INTO INT2 — — - IVSEL IVCE 47, 67
$3A {$5A) GIFR INTF1 INTFO INTF2 — — - - — 68
$39 ($59) TIMSK OCIE2 TOIE2 TICIE} QCIE1A OCIE18 TOIEY OCIED TOIEQ 82,112, 130
$38 (358) TIFR OCF2 TOV2 ICF1 QCF1A OCF1t8 TOV1 OCFQ TOVO 83. 112, 130
837 {$57) SPMCR SPMIE RWWSB i RWWSRE BLBSET PGWRT PGERS SPMEN 248
$36 ($56) TWCR TWINT TWEA TWSTA TWSTO TwWwC TWEN . - TWIE 177
$35 {$55) MCUCR SE SM2 SM1 SMO 1SC11 ISC10 1SCO1 1SC00 32,686
$34 ($54) MCUCSR JID I1SC2 - JTRF WORF BORF EXTRF PORF 40, §7. 228
$33 ($53) TCCRO FOCG WGEMOD COMM COMDO WGMO1 csoz CS01 CS00 80
$32 {(352) TCNTO Timer/Counter0 (8 Bits) 82

. OSCCAL Oscillator Calibration Register 30
531,'!1(551)‘1} -

OCDR On-Chip Debug Register 224
$30 ($50) SFIOR ADTS2 ADTS1 ADTSO - ACME PUD PSR2 PSR10 56,85,131,198,218
$2F ($4F) TCCR1A COM1A1 COM1AD COM1B1 COM1BG FOC1A FOC18 WGM11 WGM0 107
$2E {ME) TCCR1B ICNC1 ICES1 a— WGM13 WGM12 £S8t2 Ccs11 510 110
320 (3409 TCNT1H Timer/Countert — Counter Register High Byte 111
$2C ($4C) TCNTIL Timer/Countert — Counter Register Low Byte 111
$28 ($4B) OCR1AH Timer/Counter1 — Output Compare Register A High Byte 11
$2A ($4A) OCR1AL Timer/Counter1 — Quiput Compare Register A Low Byte 111
$29 (349) OCR1BH Timer/Counter1 — Output Compare Register 8 High Byte 1M
$28 ($48) OCRI18L Timer/Counter1 — Output Compare Register B Low Byte 11t
$27 ($47) ICR1H Timer/Counter1 - input Capture Register High Byte 111
$26 ($46) ICR1L Timer/Countert - input Capture Register Low Byte 111
$25 (345) TCCR2 Focz | woma |  comz1 | com2o WGM21 cs22 | csa cs20 125
$24 (344) TCNT2 Timer/Counter2 (8 Bits) 127
$23 ($43) QCR2 TimeriCounter2 Qutput Compare Register 127
$22 (342} ASSR : . I i TP 5 AS2 TCN2uB OCR2UB TCR2UB 128
321 (341) WDTCR WDE WDP2 WDP1 wDPQ 42

" o UBRRH UBRR{11:8} 164

$20° 34057 UCSRC USBS ucszt ucszo UCPOL 162
$1F ($3F) EEARH A A B e Bl Ewoom] e | EEARg EEARS 19
$1E ($3E) EFARL EEPROM Address Register Low Byte 19
$1D ($30) EEDR EEPROM Data Register 19
$1C (33C) EECR et R, R R EERIE EEMWE EEWE EERE i9
$1B ($28) PORTA PORTAT PORTAG PORTAS PORTA4 PORTAJ PORTA2 PORTA1 PORTAQ 64
$1A ($34) DDRA DDA7 DDAG DDAS DDA4 DDA3 DDA2 DDA1 DDAD 64
$19 {$39) PINA PINAT FPINAG PINAS PiNA4 PINA3J PINA2 PINA1 PINAD 64
$18 ($38) FPORTB PORTBY PCORTB6 PORTBS PORTEB4 PORTB3 PORTB2 PORTB1 PORTBO 64
$17 ($37) DDRB boe? DDB6 0DB5 DCB4 DDB3 DDB2 DDB1 D080 64
$16 ($36) PINB PINB7 PINBG PINBS PINB4 PINB3 PINB2 PINB1 PINBO 65
$15 ($35) PORTC PORTC? PORTCS PORTCS PORTC4 PORTC3 PORTC2 PORTCAH PORTCO 65
$14 ($34) DORC DOC? DDC6 DDCS DDC4 DDCI DDC2 DDCY DDCO 65
$13 {$33) PINC PINC? PINCE PINCS PINC4 PINC3 PINC2 PINC1 PINCO 65
$12 (332) PORTD PORTDY PORTD6 PORTDS PORTD4 PORTD3 PORTD2 PORTD1 PORTDO 85
$11 ($31) DDRD DDD7 DDD6 DDD5 DDD4 DDD3 DHD2 DDO1 DDDO 65
$10 ($30) PIND PIND7 PINDG PINDS PIND4 PIND3 PIND2 PIND1 PINDO 65
SOF ($2F) SPDR SPI Data Register 138
$OE ($2€) SPSR SPIF WCOL I RS B R EY e SPI2X 138
$00 ($2D) SPCR SPIE SPE DORD MSTR CPHA SPR1 SPRO 136
$0C {$2C) UDR USART I/D Data Register 159
$0B ($2B) UCSRA RXC TXC UDRE FE OOR PE U2x MPCM 160
$0A ($2A) UCSRB RXCIE TXCIE UDRIE RXEN TXEN ucsz2 RXB8 TXB8 161
$09 (829) UBRRL USART Baud Rate Register Low Byte 164
$08 ($28) ACSR ACD ACBG ACO ACH ACIE ACIC ACIST ACISO 199
$07 {827) ADMUX REFS1 REFS0 ADLAR MUx4 MUX3 MUX2 MUX1 MUXO0 214
$06 ($26) ADCSRA ADEN ADSC ADATE ADIF ADIE ADPS2 ADPS) ADPSO 216
$05 {$25) ADCH ADC Data Register High Byte 217
$04 ($24) ADCL ADC Data Register Low Byte 217
$03 (§23) TWDR Two-wire Serial Interface Data Register 178
502 (522) TWAR TWAS Twas | TwAad | Twaz | Twa2 TWA1 TWAD | TWGCE 179

ATMEL v
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Address Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit 2 Bit 1 Bit 0 Page
$01 ($21) TWSR TWS? TWS6 TWSS TWS4 TWS3 Do e TWPS1 TWPSO 178
§00 ‘im] TWBR Tw&wwg Senal Intetfa% Bit RE‘E Rsﬁiitﬁr 177
A
Notes:

1. When the OCDEN Fuse is unprogrammed, the OSCCAL Register is always accessed on this address. Refer to the debug-
ger specific documentation for details on how to use the OCDR Register.

2. Refer to the USART description for details on how to access UBRRH and UCSRC.

3. For compatibility with future devices, reserved bits should be written to zero if accessed. Reserved /O memory addresses
should never be written,

4. Some of the Status Flags are cleared by writing a logical one to them. Note that the CBI and SBI instructions will operate on

all bits in the I/O Register, writing a one back intc any flag read as set, thus clearing the flag. The CBI and SBI instructions
work with registers $00 to $1F oniy.

ATmega32(L) o
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Instruction Set Summary

Mnemonics | Operands I Description Operation Flags T #Clocks
ARITHMETIC AND LOGIC INSTRUCTIONS

ADD Rd, Rr Add two Registers Rd « Rd + Rr ZONVH 1
ADC Rd, Rr Add with Carry two Registers Rd+ Rd+Rr+C ZCNVH 1
ADIW Rdl K Add Immediate to Word Rdn'Rdl « Rdh:Rd! + K ZCNVS 2
SUB Rd. Rr Subtract two Registers Rd + Rd-Rr ZCNVH 1
sSuUB! Rd, K Subtract Constant from Register Rd « Rd- K ZCNVH 1
SBC Rd. Rr Subtract wih Carry two Registers Rd<Rd-Rr-C ZCNVH 1
SBCI Rd, K Subtract with Carry Constant from Reg Rd<-Rd-K-C 2CNVH 1
SBIW Rt K Subtract Immediate from Word Rdh Rdl « RghiRdl - K ZCNV.S 2
AND Rd. Rr Logical AND Registers Rd « Rd«Rr ZNV 1
AND! Rd, K Logical AND Register and Constant Rd « Rds K ZNYV 1
CR Rd, Rr Logical OR Registers Rd <~ Rdv Rr ZNV 1
ORY Rd, K Logical OR Register and Constant Rd «-RdvK ZNV 1
EOR Rd, Rr Exclusive OR Registers Rd « Rd 3 Rr ZNV 1
COM Rd One’s Complement Rd <- $FF - Rd ZCNV 1
NEG Rd Two's Complement Rd « $00 - Rd ZCNVH 1
SBR Rd K Set Bit(s) in Register Rd ¢ Rd v K ZNV 1
CBR Rd K Clear Bit(s) in Register Rd « Rd a (§FF - K} ZNV 1
INC Rd Increment Rd«Rd +1 ZNV 1
DEC Rd Decrement Rd « Rd -1 ZNV 1
TST Rd Test for Zero or Minus Rd « Rd - Rd ZNV 1
CLR Rd Ciear Register Rd « Rd® Rd ZNV 1
SER Rd Set Register Rd « $FF None 1
MUL Rd, Rr Multiply Unsigned R1:R0 « Rdx Rr z.C 2
MULS Rd, Rr Multiply Signed R1;:R0 « RAX Rr zC 2
MULSU Rd, Rr Multiply Signed with Unsigned R1:RO -~ Rdx Rr z2C 2
FMUL Rd, Rr Fractional Muttiply Unsigned RI:RG « (RdxRr) << 1 zC 2
FMULS Rd, Rr Fractional Multiply Signed R1:R0 « {Rd x Rr) << 1 Z.C 2
FMULSU Rd, Rr Fractional Multiply Signed with Unsigned RUR0 - (Rd x Rr) << 4 2C 2
BRANCH INSTRUCTIONS

RJMP k Relative Jump PC«PC+k +1 None 2
1LIMP Indirect Jump to (Z} PC2Z None 2
JMP k Direct Jump PC « k None 3
RCALL k Relative Subroutine Call PC«PC+k+1 None 3
ICALL Indirect Call to (Z) PC«2Z None 3
CALL k Direct Subroutine Call PC « k None 4
RET Subroutine Return PC « Stack None 4
RET! Interrupt Retum PC « Stack 1 4
CPSE Rd.Rr Compare, Skip if Equal f{RO=RNPC«PC+20r3 None 11213
CP Rd Rr Compare Rd - Rr ZNVCH 1
CPC Rd.Rr Compare with Carry Rd -Rr-C Z, NV CH 1
CPl RA K Compare Register with immediate Rd -K Z NV.CH 1
SBRC Re, b Skip i Bit in Register Cleared f{Rr(b)=0)PC PC+20r3 None 1/243
SBRS Rr, b Skip if Bit in Register is Set if{Rrp)=1)PC«PC+20r3 None 17213
SBIC P.b Skip f Bit in 1/0 Register Cleared f(PLEOPC«PC+20r3 None 11213
SBIS P.b Skip if Bit in 110 Register is Set i (POEDNPC—PC+20r3 None 11213
BRB3 s, k Branch if Status Flag Set it (SREG(s) = 1) then PC«-PC+k + 1 None 112
BRBC 5. K Branch if Status Flag Cleared if (SREG(s) = 0) then PCPCek + 1 None 112
BREQ k Branch if Equal df{Z=1)then PC «PC+k+1 None 112
BRNE k Branch if Not Equal fF{Z=0then PC PC+k+1 None 1/2
BRCS k Branch if Camry Set H{C=1)thenPC+PC+k+1 None 1/2
BRCC k Branch if Carry Cieared H{C=0jthenPC« PC+k+1 None 1/2
BRSH ¥ Branch if Same or Higher A (C=0)thenPC+PC+k+1 None 112
BRLO [3 Branch if Lower tf (C=1)then PC « PC +k + 1 None 1/2
BRMI k Branch if Minus H(N=1)thenPC - PC +k+1 None 1/2
BRPL kK Branch if Plus if(N=0)thenPC « PC +k +1 None 1/2
BRGE K Branch if Greater or Equal, Signed fINDV=0)thenPC « PC+k +1 None 1/2
BRLT k Branch if Less Than Zero, Signed f(N®V=1)thenPC « PC+K+ 1 None 112
BRHS k Branch if Half Carry Flag Set if(H=1)thenPC« PC+k+1 None 112
BRHC K Branch if Half Carry Flag Cleared if (H=0)then PC «~ PC +k +1 None 172
BRTS k Branch i T Fiag Set f(T=1}then PC« PC+k +1 None 1/2
BRTC k Branch if T Flag Cleared fF(T=0}thenPC e PC+k+1 None 1/2
BRVS K Branch if Overfiow Flag is Set if{V=1)then PC « PC +k+1 None 1/2
BRVC k Branch if Overflow Flag is Cleared (V=0 thenPC e PC+k+1 Nene 1/2

2503KS-AVR-08/07
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Mnemonics Operands Description Operation Flags #Clocks
BRIE k Branch i Interrupt Enabled d(l=1thenPC « PC +k+1 None 112
BRID K Bgnch if lmerrugt Disabled if(1=0) mzn PC e« PC+k+1 None 1712
DAYA TRANSFER INSTRUCTIONS

MOV Rd, Rr Maove Between Registers Rd « Rr None 1
MOVW Rd. Rr Copy Regpister Word Rd+1:Rd « Ri+1:Rr None 1
LDt Rd, K Load Immediate Rd « K None 1
LD Rd, X Load Indirect Rd « (X) None 2
LD Rd, X+ Load Indirect and Post-inc Rd « (X), X X + 1 MNone 2
LD Rd,-X Load Indirect and Pre-Dac X e X-1,Rd« (X) None 2
LD Rd Y Load Indwrect Rd « (Y) MNone 2
LD Rd, Y+ Load Indirect and Post-inc RO« (¥}, Ye Y+1 None 2
LD Rd, -vY toad Indirec! and Pre-Dec Y« Y-1 Rde (Y) None 2
LDD Rd,Y+q Load Indirect with Dispiacement Rd « {Y +q) None 2
LD Rd, Z Load Indirect Rd + {Z) None 2
LD Rd. Z+ Load indirect and Post-inc Rd+ {Z),Z « Z#1 None 2
LD Rd, -2 Load Indirect and Pre-Dec Ze Z-1,Rd4(2) None 2
LED Rd, Z+q Load indirect with Displacemant Rd « {Z +q) None 2
LDS Rd, k Load Direct from SRAM Rd « (k) None 2
ST X, Rr Store indirect (X)«- Rr None 2
ST X+, Rr Store Indirect and Post-Inc (X)e-Rr, X=X+ 1 None 2
ST -X, Rr Store Indirect and Pre-Dec, X« X-1. (X}« Rr None 2
5T Y, Ry Store Indirect (Y}~ Rr None 2
ST Y+, Rr Store Indirect and Post-Inc, (Y)eRrYeY+1 None 2
5T -Y.Rr Store indirect and Pra-Dec YeY-1,{)Rr None 2
STD Y+g,Rr Store Indirect with Displacement (¥ +qg) ¢~ Rr None 2
ST 2 Rr Store Indirect (Z) « Rr None 2
ST 2+ Rr Store Indirect and Post-inc 2y~ Rr, 22 +1 None 2
57 -Z. Rr Store Indirect and Pra-Dec. Z—Z-1(2)& Rr None 2
STD Z+q,Rr Store indirect with Displacement (Z+q)« Rr None 2
5TS k, Ry Store Direct to SRAM {K) « Rr None 2
LPM Load Program Memory RO « (Z) None 3
LPM Rd, Z L.oad Program Memory Rd « (Z) None 3
LPM Rd, Z+ Load Program Memory and Post-Inc Rd « {Z), 2 « Z+1 None 3
SPM Store Program Memory {Z) < R1:RO None -
IN Rd, P In Port Rd « P None 1
QuUT P, Rr Qut Port P« Rr None 1
PUSH Rr Push Register an Stack Stack <- Rr Nane 2
POP Rd Pop Register from Stack Rd « Stack None 2
BIT AND BIT-TEST INSTRUCTIONS

SBI P.b Set Bit in I/Q Register VO(P.b) « 1 None 2
CBI P.b Clear Bit in /0 Register VO{Pb) « 0 None 2
LSL Rd Logical Shift Left Rd{n+1} « Rd{n), Ra{0) « 0 ZONV 1
LSR Rd Logical Shift Right Rd{n) « Rd{n+1}, Re(7) « 0 ZCNV 1
ROL Rd Rolate Left Through Carry RJ(0—C.Rd(n+ 1)} Rd{n).C+Rd(7) ZONV 1
ROR Rd Rotate Right Through Carry RA(7 j—C Rd(n}— Rd(n+1),C«Rd(0} ZCNV 1
ASR Rd Arithmetic Shift Right Rd{n) « Rd(n+1),n=0.6 ZCHNV 1
SWAP Rd Swap Nibbles Rd(3. 0)Ra(7..4),Rd(7..4}Rd(3.0} None 1
BSET 5 Fiag Set SREG(s) + 1 SREG(s)} 1
BCLR S Flag Clear SREG(s) « 0 SREG(s} 1
BST Rr, b Bit Store from Register to T T « Rrib) T t
BLD Rd, b Bit load from T to Register Rdb)« T None 1
SEC Set Carry Ce1 C 1
CLC Clear Carry Ce0 (o4 1
SEN Set Negative Flag N« 1 N 1
CLN Clear Negative Flag Ne GO N 1
SEZ Set Zero Flag Z+ 1 r4 1
CLZ Clear Zero Flag 2«0 z 1
SEl Globai Intermupt Enable Ve 1 | 1
CL{ Giobal interrupt Disable I« 0 1 1
SES Set Signed Test Flag Se- 1 8 1
CLS Clear Signed Test Flag S« 0 5 1
SEV Set Twos Comptement Overfiow. Ve 1 v 1
CLvV Clear Twos Complement Overflow Veo v 1
SET Set T in SREG T T 1
CLT Clear T in SREG Te0 T 1
SEH Set Half Carry Flag in SREG H ¢ 1 H 1

10 ATmega32(L) e ———
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L ATmega32(L)

Mnemonics Operands Description Operation Fiags #Clocks
CLH Clear Half Carry Flag in SREG H e« 0 H 1
MCU CONTROL INSTRUCTIONS

NOP No Operation Nane 1
SLEEP Steep {see specific descr. for Sleep function) None 1
WDR Watchdog Reset (see specific descr. for WDRMAimer) None 1
BREAK Br@ For On-Chip Debug Only None N/A

AIMEL 1
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Ordering Information

Speed (MHz) Power Supply Ordering Code Package'V Operational Range

ATmega3d2L-8AC 44A Commercial
ATmega32L-8PC 40P6 (0°C to 70°C)
ATmega32L-8MC 44M1 :
ATmegad2L-8Al 44A

8 27-55V ATmega32L-8PI 40P6
ATmega32L-8MI 44M1 Industrial
ATmega32L-8AU® 44A (-40°C to 85°C)
ATmega32L-8PUP 40P6
ATmega32L-8MUZ 44M1
ATmega32-16AC 44A )
ATmega32-16PC 40P6 Commercial

44M1 (0°C to 70°C)

ATmega32-16MC
ATmega32-16Al 44A B

16 45-55V ATmega32-16PI 40P6
ATmega32-16M| 44M1 Industrial
ATmega32-16AU@ 44A (-40°C 1o 85°C)
ATmegal32-16PU® 40P6
ATmega32-16MU® 44M1

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
44A 44-lead, 10 x 10 x 1.0 mm, Thin Profile Plastic Quad Flat Package (TQFP)
40P6 40-pin, 0.600" Wide, Plastic Dual Inline Package (PDIP)
44M1 44-pad, 7 x 7 x 1.0 mm, Quad Flat No-Lead/Micro Lead Frame Package (QFN/MLF)
12 ATmega32(L) m————————
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Packaging Information

44A

&l
i R

- D1

A
A= A2

Notes: 1. This package conforms to JEDEC reference MS-026, Variation ACB.
2. Dimensions D1 and E1 do not include mold protrusion. Allowable
protrusion is 0.25 mm per side. Dimensions D1 and E1 are maximum
plastic body size dimensions including mold mismatch.
3. Lead coplanarity is 0.10 mm maximum.

A
COMMON DIMENSIONS
{Unit of Measure = mm)
SYMBOL{ MIN NOM MAX | NOTE
A — — 1.20
Al 0.05 - 0.15
A2 0.95 1.00 1.05
D 11.75 12.00 12.25
D1 9.90 10.00 10.10 | Note 2
E 11.75 12.00 12.25
E1 9.90 10.00 10.10 | Note 2
B 0.30 - 0.45
C 0.09 - 0.20
L 0.45 - 0.75
e 0.80 TYP
10/5/2001

TITLE

San JOSe, CA 95131

AImEI, 2325 Orchard Parkway 44A, 44-lead, 10 x 10 mm Body Size, 1.0 mm Body Thickness,
0.8 mm Lead Pitch, Thin Profile Plastic Quad Flat Package (TQFP)

44A

DRAWING NC. |REV.

B

ATMEL

2503KS-AVR-08/07
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40P6

D
PiN

1
11 mar 1M

q =

[N N O I D O JJ

7
seari puane -t TN 1
ﬁﬂ}i SRR

| E |

| l COMMON DIMENSIONS
\ / 0° ~ 15° REF {Unit of Measure = mm}
Con —
| |

N

~- . SYMBOL| MIN | NOM | MAX | NOTE
i eB i A - - 4.826
Al 0.381 - -
52.070 - 52.578 | Note 2
E 15.240 - 15.875
E1 13.462 - 13.970 | Note 2
B 103% | - | 0559
Notes: 1. This package conforms to JEDEC reference MS-011, Variation AC. B1 1.041 - 1651
2. Dimensions D and E1 do not include moid Flash or Protrusion. L 3.048 - 3.556
Mold Flash or Protrusion shall not exceed 0.25 mm (0.010"). c 0.203 B 0.381
eB 15.494 - 17.526
e 2540 TYP
09/28/01
TITLE DRAWING NO. [REV.
MIMEL 232° Orehard Parkway | 40p6 40.jead (0.600*/15.24 mm Wide) Plastic Dual 40PE 5
——  San JOSG, CA 95131 Inline Package (PD|P)
14 ATmega32(L) me——————————————
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44mM

-
O
L i
Marked Ping 11D I
(C
q
1
(E] i
(
(
1
([
(
. P—SEATING PLANE
TOP VIEW <{A1]
-
R e
~=~~. ~Pin#1C
- n orner SIDE VIEW
2 \
Ay
1
|JUUUTUURUT -
1 C11 ! OptionA in#
Triangte
Fer VoY <2,
- S 3 COMMON DiMENSIONS
> ~ 4 - {Unit of Measure = mm)
- [a—
E3 B> — SYMBOL| MIN | NOM | MAX | NOTE
-] [ Option B i i1 A 0.80 0.90 1.00
hamfer
g g (C 0.30) Al - 0.02 0.05
t v o P == A3 0.25 REF
:Dﬂ ﬂnﬂﬂﬂﬂﬂﬂﬂc b 018 | 023 | 030
OPionC o 41 D 6.90 7.00 7.10
‘,l Notch D2 5.00 5.20 5.40
{0.20 R)
E 6.90 7.00 7.10
BOTTOM VIEW E2 | 500 | 520 | 540
0.50 BSC
L 0.59 0.64 0.69
Note: JEDEC Standard MO-220, Fig. 1 {SAW Singulation) VKKD-3.
0.20 0.26 0.41
5/27/06
TITLE DRAWING NO. |REV.
‘ImEl éBZSJOrch?:r: Pga;r:(;ay 44M1, 44-pad, 7 x 7 x 1.0 mm Body, Lead Pitch 0.50 mm, 44M1 G
s AN JOSE, 5.20 mm Exposed Pad, Micro Lead Frame Package (MLF)

2503KS-AVR-08/07
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Errata

ATmega32, rev. A
toF

ATMEL

First Analog Comparator conversion may be delayed

Interrupts may be lost when writing the timer registers in the asynchronous timer

IDCODE masks data from TDI input

Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt request.

First Analog Comparator conversion may be detayed

If the device is powered by a siow rising V¢, the first Analog Comparator conversion will
take longer than expected on some devices.

Problem Fix/Workaround

When the device has been powered or reset, disable then enable theAnalog Comparator
before the first conversion.

Interrupts may be lost when writing the timer registers in the asynchronous timer

If one of the timer registers which is synchrenized to the asynchronous timer2 clock is writ-
ten in the cycle before a overflow interrupt occurs, the interrupt may be lost.

Problem Fix/Workaround

Always check that the Timer2 Timer/Counter register, TCNT2, does not have the value OxFF
before writing the Timer2 Control Register, TCCR2, or Output Compare Register, OCR2

IDCODE masks data from TDI input

The JTAG instruction IDCODE is not working correctly. Data to succeeding devices are
replaced by all-ones during Update-DR.

Problem Fix / Workaround
— If ATmega32 is the only device in the scan chain, the problem is not visible.

— Select the Device ID Register of the ATmega32 by issuing the IDCODE instruction or
by entering the Test-Logic-Reset state of the TAP controller to read out the contents
of its Device ID Register and possibly data from succeeding devices of the scan
chain. Issue the BYPASS instruction to the ATmega32 while reading the Device ID
Registers of preceding devices of the boundary scan chain.

— If the Device IDs of all devices in the boundary scan chain must be captured
simultaneously, the ATmega32 must be the fist device in the chain.

Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt
request.

Reading EEPROM by using the ST or STS command to set the EERE bit in the EECR reg-
ister triggers an unexpected EEPROM interrupt request.

Problem Fix/ Workaround
Always use OUT or SBI to set EERE in EECR.

16 ATmega32(L) se————

2503KS-AVR-08/07



I ATmega32(L)

Datasheet
Revision
History

Changes from Rev.
2503J-10/06 to
Rev.

2503K-08/07

Changes from Rev.
25031-04/06 to Rev.
2503J-10/06

Changes from Rev.
2503H-03/05 to
Rev. 25031-04/06

Changes from Rev.
2503G-11/04 to
Rev. 2503H-03/05

Changes from Rev.
2503F-12/03 to
Rev. 2503G-11/04

2503KS-AVR-08/07

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

Renamed “Input Capture Trigger Source” to “Input Capture Pin Source” cn page 94.
Updated “Features” on page 1.

Added “Data Retention” on page 6.

Updated “Errata” on page 16.

Updated “Slave Mode” on page 136.

Updated “Fast PWM Mode” on page 99.

Updated Table 38 on page 80, Table 40 on page 81, Table 45 on page 108, Table 47 on
page 109, Table 50 on page 125 and Table 52 on page 126.

Updated typo in table note 6 in “DC Characteristics” on page 287.

Updated “Errata” on page 16.

Updated Figure 1 on page 2.

Added “Resources” on page 6.

Added note to “Timer/Counter Oscillator” on page 31.
Updated “Serial Peripheral Interface — SPI” on page 132.
Updated note in “Bit Rate Generator Unit” on page 175,
Updated Table 86 on page 218.

Updated “DC Characteristics” on page 287.

MLF-package alternative changed to “Quad Flat No-Lead/Micro Lead Frame Package
QFN/MLF”.

Updated “Electrical Characteristics” on page 287

Updated “Ordering Information” on page 12.

“Channel” renamed “Compare unit” in Timer/Counter sections, ICP renamed ICP1.

Updated Table 7 on page 29, Table 15 on page 37, Table 81 on page 206, Table 114 on
page 272, Table 115 on page 273, and Table 118 on page 289.

Updated Figure 1 on page 2, Figure 46 on page 100.

ATMEL 1



Changes from Rev.

2503E-09/03 to
Rev. 2503F-12/03

Changes from Rev.

2503D-02/03 to
Rev. 2503E-09/03

Changes from Rev.

2503C-10/02 to
Rev. 2503D-02/03

ATMEL

Updated “Version” on page 226.

Updated “Calibration Byte” on page 258.

Added section “Page Size” on page 258.

Updated “ATmega32 Typical Characteristics” on page 296.

Updated “Ordering Information” on page 12.

Updated “Calibrated internal RC Osciltator” on page 29.

Updated and changed “On-chip Debug System” to “JTAG Interface and On-chip
Debug System” on page 35.

Updated Table 15 on page 37.

Updated “Test Access Port — TAP” on page 219 regarding the JTAGEN fuse.
Updated description for Bit 7 — JTD: JTAG Interface Disable on page 228.
Added a note regarding JTAGEN fuse to Table 104 on page 257.

Updated Absolute Maximum Ratings* , DC Characteristics and ADC Characteristics in
“Electrical Characteristics” on page 287.

Added a proposal for solving problems regarding the JTAG instruction IDCODE in
“Errata” on page 16.

Added EEARS in EEARH in “Register Summary” on page 7.

Added Chip Erase as a first step in“Programming the Flash” on page 284 and “Pro-
gramming the EEPROM” on page 285.

Removed reference to “Multi-purpose Oscillator” application note and “32 kHz Crys-
tal Oscillator” application note, which do not exist.

Added information about PWM symmetry for Timer0 and Timer2.

Added note in “Filling the Temporary Buffer (Page Loading)” on page 251 about writ-
ing to the EEPROM during an SPM Page Load.

Added “Power Consumption” data in “Features” on page 1.
Added section “EEPROM Write During Power-down Sleep Mode” on page 22.

Added note about Differential Mode with Auto Triggering in “Prescaling and Conver-
sion Timing” on page 204.

Updated Table 89 on page 232.

13 ATmega32(L) m————
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10.Added updated “Packaging intormation” on page 13.

Changes from Rev. 1. Updated the “DC Characteristics” on page 287.
2503B-10/02 to
Rev. 2503C-10/02

Changes from Rev. 1. Canged the endurance on the Flash to 10,000 Write/Erase Cycles.
2503A-03/02 to
Rev. 2503B-10/02

g

Bit nr.4 — ADHSM - in SFIOR Register removed.
3. Added the section “Defauit Clock Source” on page 25.

4. When using External Clock there are some limitations regards to change of fre-
quency. This is described in “External Clock” on page 31 and Table 117 on page 289.

5. Added a sub section regarding OCD-system and power consumption in the section
“Minimizing Power Consumption” on page 34.

6. Corrected typo (WGM-bit setting) for:
— “Fast PWM Mode” on page 75 (Timer/Counter()
—~ “Phase Correct PWM Mode” on page 76 (Timer/CounterQ)
- “Fast PWM Mode” on page 120 (Timer/Counter2)
— “Phase Correct PWM Mode” on page 121 (Timer/Counter2)
7. Corrected Table 67 on page 164 (USART).
8. Updated V, |, , and |, parameter in “DC Characteristics” on page 287.

9. Updated Description of OSCCAL Calibration Byte.

In the datashest, 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 “Oscillator Calibration Register - OSCCAL” on page 30 and “Cali-
bration Byte” on page 258.

10. Corrected typo in Table 42.
11. Corrected description in Table 45 and Table 46.
12. Updated Table 118, Table 120, and Table 121.

13. Added “Errata” on page 16.

ATEL 1
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Philips Semiconductors Product specification
L~ T

NPN general purpose transistor BC337

FEATURES PINNING

+ High current (max. 500 mA) PIN DESCRIPTION
» Low voltage (max. 45 V).

emitter

2 base
APPLICATIONS 3

collector

» General purpose switching and amplification,
e.g. driver and output stages of audio amplifiers.

1
DESCRIPTION 2 3

3 e e——
NPN transistor in a TO-92; SOT54 plastic package. I — 2
PNP complement: BC327.

1

MAM182

Fig.1 Simplified outline (TO-92; SOT54) and

symbol.
LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).

SYMBOL PARAMETER CONDITIONS MIN. MAX, UNIT
Veeo collector-base voltage open emitter - 50 \Y
Veeo collector-emitter voltage open base - 45 \
Veso emitter-base voltage open collector - 5 v
Ic collector current (DC) - 500 mA
lcm peak collector current - 1 A
lam peak base current - 200 mA
Piot total power dissipation Tamb < 25 °C; note 1 - 625 mwW
Tsig storage temperature —65 +150 °C
T; junction temperature - 150 °C
Tamb operating ambient temperature —65 +150 °C

Note

1. Transistor mounted on an FR4 printed-circuit board.

1999 Apr 15 2



Philips Semiconductors Product specification

NPN general purpose transistor BC337
THERMAL CHARACTERISTICS

SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rihj-a thermal resistance from junction to ambient note 1 0.2 K/mW
Note

1. Transistor mounted on an FR4 printed-circuit board.

CHARACTERISTICS
T; = 25 °C unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
lcso coliector cut-off current lge=0;Veg=20V - - 100 nA
le=0; Veg=20V, T; =150 °C - - 5 pA
leso emitter cut-off current lc=0;Vegg =5V - - 100 nA
hee DC current gain lc =100 mA; Vg =1V,
BC337 see Figs 2, 3 and 4 100 _ 600
BC337-16 100 - 250
BC337-25 160 - 400
BC337-40 250 - 600
DC current gain 1c =500 mA; Veg =1V, 40 - -
see Figs 2,3 and 4
VeEsat collector-emitter saturation fc = 500 mA; g = 50 mA - - 700 mVy
voltage
Ve base-emitter voltage lc =500 mA; Vcg = 1 V; note 1 - - 1.2 \'
Ce collector capacitance lge=ig=0;Vcg =10V;f=1MHz - 5 - pF
fr transition frequency lc =10 mA; Ve = 5V; f= 100 MHz | 100 - - MHz
Note

1. Vgg decreases by about 2 mV/K with increasing temperature.

1999 Apr 15 i 3



Philips Semiconductors Product specificatian

NPN general purpose transistor BC337

MBH7Z!
20 T

brE

160

120 ~

40 N

10-"1 1 10 10? e (mA) 103
BGC337-16.

Fig.2 DC current gain; typical values.

MBH720
500

400

L Vep =1V
300

200

100

0

—1 2 3
10 1 10 10 I (mA} 10
BC337-25.

Fig.3 DC current gain; typical values.
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NPN general purpose transistor BC337
500 MBH722
hre
400 —

300

200 \

100 \\
A
M
9 ~1 2 3
10 1 10 10 ic (mA) 10
BC337-40.

Fig.4 DC current gain; typical values.
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Philips Semiconductors Product specification

NPN general purpose transistor BC337
PACKAGE OUTLINE
Plastic single-ended leaded (through hole) package; 3 leads SOT54
[ f{—-——-F-- ¢
E
[ d e A L
1}
b
1 { DI g {t _
TRy S— T —*' T
- 2 . N e B ! .
o —@2 - —1- ) == —; L]
| | J
! = -—-
N |
i
b1 ‘F L1 4’!
a 25 5 mm
L IR T T T N SN SN S U
scale
DIMENSIONS (mm are the original dimensions)
UNIT | A b by € D d E e eq L | L@
52 | 048 | 066 | 045 | 48 17 | 42 14.5
MM 50 {040 | 056 | 040 | 44 | 14 | 36 | 254 127 | oy | 25
Note
1. Terminal dimensions within this zone are uncontrolled to allow for flow of plastic and terminal irregularities.
OUTLINE REFERENCES EUROPEAN
VERSION IEC JEDEC E1A PROJECTION ISSUE DATE
SOTS4 T0-92 5C-43 =36 97-02-28
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Philips Semiconductors Product specification

NPN general purpose transistor BC337

DEFINITIONS

Data Sheet Status

Objective specification This data sheet contains target or goal specifications for product development.
Preliminary specification This data sheet contains preliminary data; supplementary data may be published fater.
Product specification This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information

Where application information is given, it is advisory and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from such
improper use or sale.

1999 Apr 15 7
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Argentina: see South America

Australia: 34 Waterloo Road, NORTH RYDE, NSW 2113,
Tel. +61 2 9805 4455, Fax. +61 2 9805 4466

Austria: Computerstr. 6, A-1101 WIEN, P.O. Box 213,
Tel. +43 160 101 1248, Fax. +43 160 101 1210

Belarus: Hotel Minsk Business Center, Bid. 3, r. 1211, Volodarski Str. 6,
220050 MINSK, Tel. +375 172 20 0733, Fax. +375172 200773

Belgium: see The Netherfands

Brazil: see South America

Bulgaria: Philips Bulgaria Ltd., Energoproject, 15th floor,
51 James Bourchier Bivd., 1407 SOFIA,

Tel +359 268 9211, Fax. +358 2 68 9102

Canada: PHILIPS SEMICONDUCTORS/COMPONENTS,
Tel. +1 800 234 7381, Fax. +1 800943 0087

China/Hong Kong: 501 Hong Kong Industrial Technology Centre,
72 Tat Chee Avenue, Kowloon Tong, HONG KONG,

Tel. +852 2319 7888, Fax. +852 2319 7700

Colombia: see South America

Czech Republic: see Austna

Denmark: Sydhavnsgade 23, 1780 COPENHAGEN V,
Tel. +45 33 29 3333, Fax. +45 33 29 3905

Finland: Sinikalliontie 3, FIN-02630 ESPOO,
Tel. +358 9 615 800, Fax. +358 9 6158 0920

France: 51 Rue Carnot, BP317, 92156 SURESNES Cedex,
Tel. +33 1 4099 6161, Fax. +33 1 4099 6427

Germany: Hammerbrookstrafe 69, D-20097 HAMBURG,
Tel. +49 40 2353 60, Fax. +49 40 2353 6300
Hungary: see Austna

India: Philips INDIA Ltd, Band Box Building. 2nd fRcor,

254-D, Dr. Annie Besant Road, Worli, MUMBAI 400 025,

Tel. +31 22 493 8541, Fax. +91 22 493 0966

Indonesia: PT Philips Development Corparation, Semiconductors Division,
Gedung Philips, JI. Buncit Raya Kav.939-100, JAKARTA 12510,

Tel. +62 21 794 0040 ext, 2501, Fax, +82 21 794 0080

Ireland: Newstead, Clonskeagh, DUBLIN 14,

Tel. +353 1 7640 000, Fax. +353 1 7640 200

tsrael: RAPAC Electronics, 7 Kehilat Saloniki St, PO Box 18053,
TEL AVIV 61180, Tel. +972 3 645 0444, Fax. +972 3 649 1007
Haly: PHILIPS SEMICONDUCTORS, Piazza IV Novembre 3,
20124 MILANO, Tel. +39 2 6752 2531, Fax. +39 2 6752 2557
Japan: Philips Bldg 13-37, Kohnan 2-chome, Minato-ku,

TOKYO 108-8507, Tel. +81 3 3740 5130, Fax, +81 3 3740 5077
Korea: Philips House, 260-199 ltaewon-dong, Yongsan-ku, SEOUL,
Tel. +82 2 709 1412, Fax. +82 2 709 1415

Malaysia: No. 76 Jalan Universiti, 46200 PETALING JAYA, SELANGOR,
Tel. +60 3 750 5214, Fax. +60 3 757 4BB0

Mexico: 5900 Gateway East, Suite 200, EL PASO, TEXAS 79905,
Tel. +9-5 800 234 7381, Fax +9-5 800 943 0087

Middle East: see italy
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International
TSR Rectifier

PD - 94053

IRFZ44N

HEXFET® Power MOSFET

Advanced Process Technology
Ultra Low On-Resistance
Dynamic dv/dt Rating

175°C Operating Temperature
Fast Switching

Fully Avalanche Rated

Description

VDSS = 55V
RDS(on) =17.5mQ

Ip = 49A

Advanced HEXFET® Power MOSFETSs from International
Rectifier utilize advanced processing techniques to achieve
extremely low on-resistance per silicon area. This benefit,
combined with the fast switching speed and ruggedized
device design that HEXFET power MOSFETs are well
known for, provides the designerwith an extremely efficient
and reliable device for use ina wide variety of applications.

The TO-220 package is universally preferred for all
commercial-industrial applications at power dissipation
levels to approximately 50 watts. The low thermal

resistance and low package cost ofthe TO-220 contribute TO-220AB
to its wide ‘acceptance throughout the industry.
Absolute Maximum Ratings
Parameter Max. Units
lp@ T =25°C Continuous Drain Current, Vg @ 10V 49
Ip@ Tc=100°C| Continuous Drain Current, Vgs @ 10V 35 A
ipm Pulsed Drain Current @ 160
Po @Tc = 25°C Power Dissipation 94 w
Linear Derating Factor 0.63 wieC
Vags Gate-to-Source Voltage + 20 v
lar Avalanche Current® 25 A
Ear Repetitive Avalanche Energy® 9.4 mJ
dv/dt Peak Diode Recovery dv/dt @ 5.0 Vins
T, Operating Junction and -55 to + 175
Ts1a Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case )
Mounting torque, 6-32 or M3 srew 10 ibfsin (1.1N+*m)
Thermal Resistance
Parameter Typ. Max. Units
Reyc Junction-to-Case — 1.5
Racs Case-to-Sink, Flat, Greased Surface 0.50 —_— ‘C/IW
Raia Junction-to-Ambient — 62

www.irf.com
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IRFZ44N

International
IGR Rectifier

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min.| Typ. | Max. [Units Conditions
V(BRrIDSS Drain-to-Source Breakdown Voltage 5 | — | — V| Vgg =0V, Ip = 250pA
AV@gripss/AT; | Breakdown Voltage Temp. Coefficient | — [0.058| -~— | V/°C | Reference to 25°C, Ip = 1mA
Rpstony Static Drain-to-Source On-Resistance | — | — | 17.5 | mQ | Vgg =10V, Ip =25A @
Vst Gate Threshold Voltage 20 | — | 40 Vv Vps = Vgs. Ip = 250pA
drs Forward Transconductance 19 | — | — S | Vps =25V, ip = 25A®
Ioss Drain-to-Source Leakage Cument — ]2 pA Vos = 55V, Vs = OV
— | — 1 250 Vps = 44V, Vgs = OV, T; = 150°C
lsss Gate-to-Source Forward Leakage — ] — ] 100 nA Ve = 20V
Gate-to-Source Reverse Leakage — | — | -100 Vas = -20V
Qq Total Gate Charge — | — | 83 ip = 25A
Qqs Gate-to-Source Charge — | — 1 14 | nC | Vps =44V
Qge Gate-to-Drain ("Miller”) Charge —f —1 23 Vgs = 10V, See Fig. 6 and 13
taon) Tum-On Delay Time —_ 12 | — Vop = 28V
t, Rise Time — | 80 | — ns Ip = 25A
Loy Turn-Off Delay Time — | 44 | — Rg = 12Q
1 Fall Time — | 45 | — Vgs = 10V, See Fig. 10 @
Lo Internal Drain Inductance — 1 45| — Between Ielad, 2
4 | Bmm (@25in) @)
from package @
Ls Intemal Source Inductance — 75| — .
and center of die contact s
Ciss Input Capacitance — 11470 — Vgs = 0V
Coss Cutput Capacitance — | 360 | — Vps = 25V
Crss Reverse Transfer Capacitance — | 88 { — pF | f = 1.0MHz, See Fig. 5
Eas Single Pulse Avalanche Energy@ —— |530@1150® | mJ | lag=25A, L =0.47TmH
Source-Drain Ratings and Characteristics
Parameter Min.| Typ.| Max. | Units Conditions
Is Continuous Source Current N N T MOSFET symbol °
(Body Diode) A showing the
Ispm Pulsed Source Current integrat reverse s
(Body Diode)® — || %° p-n junction diode. s
Vsp Diode Forward Voltage — ] —1 13 V | Ty=25°C, I = 25A, Vgs =0V @
by Reverse Recovery Time | 83 35 ns | Ty=25°C, I = 25A
Qi Reverse Recovery Charge — | 170] 260 | nC | difdt = 100A/us @
ton Forward Turn-On Time intrinsic tum-on time is negligibie (tum-on is dominated by Lg+Lp)
Notes:

@ Repetitive rating; pulse width limited by

max. junction temperature. (See fig. 11}

@ Starting T; = 25°C, L = 0.48mH
Rg = 25Q, 1a5 = 25A. (See Figure 12)

D Igp = 25A, difdt < 230A/us, Vpp < Vigripss:
T,<175°C

@ Pulse width < 400ps; duty cycle < 2%.

® This is a typical value at device destruction and represents

operation outside rated limits.
® This is a calculated vaiue limited to T = 175°C .

www.irf.com
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Fig 1. Typical Output Characteristics
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Fig 3. Typical Transfer Characteristics
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Rps(on) » Drain-to-Source On Resistance

Ip, Drain-to-Source Current (A)

IRFZ44N
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Fig 2. Typical Output Characteristics
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500 20
20 Vgs = 0V, = 1MHz Ip = 254 I ] |
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Vs, Drain-to-Source Voltage (V) Qg , Total Gate Charge (nC)
Fig 5. Typical Capacitance Vs. Fig 6. Typical Gate Charge Vs.
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Fig 7. Typical Source-Drain Diode Fig 8. Maximum Safe Operating Area
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Fig 9. Maximum Drain Current Vs.
Case Temperature
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T Voo
] Vas
Pulse Width < | ys
Duty Factor < (0.1 %
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Fig 10b. Switching Time Waveforms
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1. Duty factor D = ty /t3
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Fig 11. Maximum Effective Transient Thermat impedance, Junction-to-Case
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Fig 13a. Basic Gate Charge Waveform Fig 13b. Gate Charge Test Circuit
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Peak Diode Recovery dv/dt Test Circuit

« —<+ Circuit Layout Considerations
DUT A 1—3 » Low Stray Inductance
t] 'Y o « Ground Plane
« Low Leakage Inductance

Current Transformer

Y .
{WTWL

! »
'y
Rg « dv/dt controiled by Rg +

= Igp controlied by Duty Factor “D” py Voo
« DU.T. - Device Under Test i

O]

* Reverse Polarity of D.U.T for P-Channel

@ Driver Gate Drive

Period D= W

P L o— Period

C ST t
[Vag=10v] ***
}

(C
)3

@lour Igp Waveform

Body Diode Forward

Current
difdt /

Diode Recovery . .
dv/dt \ S

Reverse
Recovery |
Current

@ D.UT. Vg Waveform

e
3

Re-Applied f—— SR (s
Voltage Body Diode

@ Inductor Curent

Forward Drop

¥
['sol
[

kw

Vs = 5.0V for Logic Level and 3V Drive Devices

Fig 14. For N-channel HEXFET® power MOSFETs
www.irf.com 7



IRFZ44N International

TGR Rectifier
" Package Outline

TO-220AB
Dimensions are shown in millimeters (inches)
s ga1s) L 378 (149} 8]
287013 " 10.29 {.405) D 3354 £.139) ag:::g::
2.52 (103} 204
p 3 ~ 122 {048}
AL -
15.24 (.500) ‘
14,84 (,584)
1.15 (.045) LEAD ASSIGNMENTS
u .
\ A o
l | 3.SOURCE
\/ 4 - ORAIN
14,09 (.555) l I l
13,47 (.530) | 4,06 (,160)
155{.140)
140 {055} ~ g::: t::;; e fmea 3:33 :::3:;
1,18 (045} [@] ¢35 gy fe[aldl | 2520
2,64 (L104)
X
NOTES:
1 DIMENSIONING & TOLERANCING PER ANSLY14.5M, 1982, 3 OUTLME CONFORMS TO JEDEC QUTLINE TO.220A8,
2 CONTROLLING OIMENSION 1iNCH 4 HEATSINK 4 LEAD MEASUREMENTS DO NOT WNCLUDE BURRS.
Part Marking Information
TO-220A8
EXAMPLE : THiIS IS AN IRF1010
WITH ASSEMBLY O E
LOT CODE 9BiM INTERNATIONAL /PART NUMBER
RECTIFIER \ RE1010.
LOGO TOR 9246 ~_
198 1M DATE CODE
ASSEMBLY (YYWW)
LOT CODE - YY = YEAR
WW = WEEK

Data and specifications subject to change without notice.
This product has been designed and qualified for the Automotive [Q101] market.
Qualification Standards can be found on IR's Web site

International
TR Rectitier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, USA Tel: (310) 252-7105
TAC Fax: (310) 252-7903

Visit us at www.irf.com for sales contact information.01/01
8 www.irf.com
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