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Abstract

This report presents about the developing of the color monitoring for the blinds. We use
TCS230 as a color sensor. The device’s structure contains 8x8 array of photediedes. Photodiodes
is separated in 4 groups including Red, Green, Blue and without filter-In €ach group responses in
difference frequency depending on each type of filter.  This -device-works by capturing the
brightess from LED which affects a photodiodes, then changes to electric current and to signal’s
frequency, appearing as a square wave with-50% of duty cycle, We use an AVR microcontroller

to take data form TCS230 as a-color sensor and show the results by vibrating,
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inTosnsunun s pannoliazneunaeeins MAN 015 1 EmMARANATTILIINIBNATNIY
0 a . ' Y e <
fsunnudaimilssanniTeant XYZ (3uiey linear —RG 1Ay B Tristimulus @9

Usganua S unINYo9 Chromaticities 11a2  white reference chromaticity Tatl% linéar matrix

Race) [ 3.240454 -1537139 -0.498531) (X
Guacs | =] -0.826029, 1759877 0023179 fo] ¥ ®)
Bacs) | 0043396 -0198899 1063208/ 12

) & 1

Aga 3 M08 XYZ o1adindimuyesdnuonmiie 14910 gamut da51 Réc709 vounid
b4 v
Huew Wensoduduaaily RGB TasArvesldadandns Tenie 0 Uay unity : &9
4 1 T Y 1 A 1 1
uanmilenin gamut szildouwlasauiiun 3 gediedny RGB #sduilsznsusguonan
] =£ o A 1 o o Y v & oA 1 . & 9/
%24 01194 1 - vufle aaudsznevfiotniinniosnd 0 HToe19lA UAUAD unity FI0199EABY
fin2995909%23 0 09 1 pon 'l
f1359UA15 18 matrix Equation 8 AUn15U5uuAliAAfiqa ApA31519 matrix Equation 6
1

@Fmiy duSoauasii m1 Desuaz lifidnseamuasdauasdurun) sdnangautlaaiiy

1 linear — light

Race 11174 08316 -05594) ( Ryesaso
Eace | =[ 04045 15413 -0.1671 |o] Gresnno
0.0849 -05641 1.1642) \ Breeno

®
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awfyatiamsuaainiy sk G B msfusmes gramma — Uszaimm 0.45 voandaay
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a
UNn 3

= 9/

nqululnsneulnsines AVR wes AT MEGA 16 uazngquffiheives

i ¢ w °
avR ululaseeunsaed (Mcu) Aldsuswgunselmivayumsiniuees
cpU Maunnueeniey Analog to Digital , SPI , UART , Timer , Counter , Counter , PWM
lé W e 1 vo o )
FegUnsslmiuayumaiaumariivld - Mcu  aunsevhanénhauas1dgunsalde
' 5/ o o : ©
samnnmeusntiesuin  uasaunsodszudamdaldnmely 1 clock Twunflszivee
foymnsddfidiumshaunioluves AVR - McU  uugihguauiaunzvidelfuves
o o o 1
TulnsneuInsames aarilavnssumeluuaziimmesldauiall dunis 1o
ey 3 ] < d a o o 4
SPomedan uzuazms 199 EEPROM M35 auazn1sawn s Tuy ms deesoynsy ns
nFenfoudygraeusenazmaniasigiuouesniiufises.  Makiuvemesa

BunAABIINANIS191MY8 1 Timer/Counter & Watch dog Hazms 1¥ngusidad1eg

31 queaifuazvirelfavveslulnsnenlnsmaed

311 anilasnssumelugneasuunivigamilasassuuuy - RISE © (Reduce
Instruction Set Computer) RISE @8 ynldnstssuranainamida 1 fida71 Clock e
CPU aw1sotszuramdlR 1 MIPS / MHz

3.1.2 fimdslumsnatgumsihauteslulnsaonTnsamesd o 118 f1ie

3.1.3 AN 3 vaoa s 1uRn PROGRAM MEMORY %114 32 Kbyte

3.14 viwA WS4y EEPROM sy Uiiuin DATA MEMORY Y119 1024 Byte

3.1.5 ¥uwANTLLY) RAMUA 2K Byte

3.1.6 svuumsifundaeie. ANALOG TO DIGITAL wu1A 10 8N $1u3u 8
CHANNEL

3.1.7 nguivmmed e ldnims Sn S 32 @

3.1.8 WosABUYALAZID AR 8 TN $117u 4 noTw

3.1.9 ssuumsdeasdeynasasauuuerSalnsie (UART) | CHANEL

3.1.10 seuumsfesdoyadtaeauuude Instia (SPD) 1 CHANEL

3.1.11 ATuAdeyay1eu17n1 0-16 MHz (ATMEGAL6)

3.1.12 ssuumsTidauuuda Tulfailesuswnsnzua it lu Tasnen Tnsined
(Power on reset)

or

3.1.13 szuumsfutian 1 dgyg1auuy PWM $147U 4 CNANNEL (ATMEGA16)

L

3.1.14 52UUMIATINVUTEAUT YR 1M OUIADA (Analog Comparator)
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3.1.15 6 SLEEP MOD: IDEL, POWER SAVE, POWER DOWN, ADC Noise, Reduction
Standby and Extended standby

3.1.16 szuumstlesiunis cory Yeyamelumizsnnus

(LOCKFORSOLFWARESECURITY)

3.1.17 3zuunsniumsiieuAaNmIAYes CPU (WATCHDOG TIMER WITH

ONCHIP OSCILATOR)

3.1.18 SYUUMSOUABS N9 INAEUEN (EXTERNAL INTERRUPT)

3.1.19 TIMER/COUNTER %19 16 1in 1 CHANNEL

3.1.20. TIMER/COUNTER 9417 8 11 2 CHANNEL

3.1.21 Vec: 4.5-5.5 For ATMEGAT6

32 Nuazioua
4 =3 ::'a
AT MEGA16 MuluInsaouInsaimesuuia 10 Unhdaoitlagnssuui | RISE
. . PA - -
(reduce instruction set computer) F1¥ W nstlszuraraiinnudy 1 1 clock 3e
CPU arusoilszunadads’ld 1 MIPS/MHz
3.2.1 1AsIn e mauenuasA e

Q.d <y [ @ A 1
molutlsgnoudiesiawod i luuie 8 dn 1w 32 fadasas

" ]
[

) v o o [ ° o ] A
dvzdahiu ALU Taonis i ldnistlssusana Ao 1 fidsilanimsanit CruU A%

ao11lmons syl CISE

Pin Configurations Figure 1. Pinouts ATmega32
PDIP

(XCK/TO) PBO 1 A 20°[7 PAD (ADCO)
(T1) PBY ] 2 39 O PA1 (ADCH)
{INT2/AIND) PB2 ] 3 38 O PA2 (ADC2)
(OCINAINT PB3 C] 4 37 [0 PA3 (ADCY)
(38) PB4 C] & 36 [ pad (ADC4)
(MCSI) PBS ] 6 35 3 PAS (ADCS)
{MISO) PB6 3§ 7 34 [ PA6 (ADCS)
(SCK) PB7 ] 8 33 [3 PA7 (ADCT)

0s 32 [ AREF

vce o 10 31 [ GND

GND . 11 30 O AVCC

XTAL2 ] 12 29 1 PCT (TOSC2)
XTALY . 13 28 O PC6 (TOSCt)

(RXD) PDO 4 14 27 [ PC5 (TDI}
(TXD) PO1 ] 15 26 [ PC4 (TDO)
(NYO) PO2 ] 18 28 O PC3 (TMS)
(iINT1) PD3 ] 17 24 [ PC2 (TCK)
(OC1B) PD4 ] 18 23 O PC1 {SDA)
(OC1A) PDS f 19 22 [ PCO (SCL)
{ICP) PD6 20 21 0 PD7 {OC2)

Ui 3.1 uemsTassadhameuenuazimshinuveslulasnou Insames
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322 NdazipgaveINdyyamasmsITau

vee fv s lWlvidu cPU uay GND fie nsna

Port A (PA7...PAQ)

~ dluwesa 2 fiemeviin 8 din Tasaunsedmualiusazvavesnoda munse

PULL UP mioluunondudsonunsadunszua SINK 20mA Tnewesa A Saldifiuan
ﬁuwmﬁﬁuﬁmmmamaeﬂiutfmmmmmﬂmﬁ'fytym ANALOG TO DIGITAL

Port B (PB7...PB0)

Humnesa 2 femaving 8 dn Tasawsedmualdudazuvewesn muise
PULL UP nwludaszuononfudeumazinannsodunssus SINK20mA wazdagmirluld
b q Bn

Port C (PC7...PCO)

Hunesa 2 Aemevina 8 iin-lagmmsas nunldugazytemeda aunso
PULL UP nmwluBaszutnoinfudausazaiannsefunsaia SINK20mA. uazdagmi 1y 19
adue n

Port D (PD7...PDO)

Hunesa 2 Armuuna 8 dn Tassinsadualdimasnuoaesa-awnse
PULL UP muludaszunmnfudsimaz i nisadunseud SINK20ma tagdignih 1y
aduq Bn

Reset 719 4131598

XTAL 1 ifuvdunaves OSE

XTAL 2 ifuvueniyayes OSE

Avee oW 1dR U Analog to Digital

AREF fluvus sdudra8snidam ludauue 1395 Analog to Digital

AGND L‘“L'lumnsnﬁ\mnws Analog to Digital

33 veivu ADC
1 2

msuasdgguewinen  Midudyaruaaemiuianuindunnwsizilufm

TuTnsnouInsaass lrwisadszurananuuourden ldiuszszuanauuudtaea
v 3 o u’: ) ﬂ 9/ =i o o 9 o o
minduaniusssuiudesfinmaladyapaeudenliiliudyadaea
3 ] 1
Un@lu CPU wed AVR - ATMEGA 16 tuszlifladu ADC ognieludaled daiy
' 14

Tisuiiudealdled ADC wemenen dmiuiladdu ADC fmmisoiudygruounden'ld

v 14
49qA 8 Channel TnoSudgaraudwimia weia A mewisaionldfedsuilfimsilag
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o o { ' 1 4 3 o i
doyauouIABNNAL Channel BEWABIIDY W59z Mhmsulasdyn auamiz Channel #i

o Y as an { =Y [
mdeenshlfgudy  TaedgygrudteeafiaiasldezlnnunzBon 10 Ta  Taomssu
doyanaudazviveswesn A lauezfiaees  SAMPLE AND HOLD tedaelfdgnin

=] Ao A w A aa a o P = 9/

swndenfifuidhwuienlaaiiudyanadtaaniissdvdyaunediTasdnans 4o

o o H ° [ o o o
Handuiimsuiludesdausafiu AVCC AREF uay AGND 1¥suilandud e

federuiia
1. 10 Bit resolution
2. 0.5LSB integral non-linearity
3. 42 LSB Absolute Accuracy
4. 65-260 LG Conversion Time
5. Up to 15KSPS at Maximum Resolution
6. 8 Multiplexed Single Ended Input Channels
7. 7 Differential Input Channels
8. 2 Differential Input Channels with Gain of 10x and 200x (1)
9. Opticnal left adjustment for ADC result readout
10. O-VCCADC Input Voltage Range
11. Selectable 2.56V ADC Reference Voltage
12. Free Running or Single conversion Complete

13. Sleep mode noise Canceller

MY

dmvesnsudasdyapar-ewinsnify Anea a5l 2 Mode o

1. Single Conversion Mode

2. Free Running Mode

M1sR9 Single Conversion Mode f1pafudimuanisidimidues udlu
@I4YB9 Free Running Mode 2993 Analog to digital sziiludiamsedeyauazifiulu
ADC Data Register #ﬁﬁﬂ ADFR lu Register ADCSR it ‘]‘jﬁﬁ‘l‘ff‘!ﬁﬂﬂ Mode A151%
UYDINTT Analog to digital FMTUAIAMUATII9S Analog to digital Yty
aunsai18laensidadin ADEN Witmaed ADCHRA Wiy 1 Taofiafvedu 1 1
ANBAYUNTEIY Conversion vodggnzdoutoond RN tandy o TaosaTus? us

duffumsi/fou Channel vosmsualasdoygoivaizi Channel @ufa Conversion 8§93
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- . o = d .
Analog to digital 9% Conversion WfYYIWM Channel wnldiaSenoundate Conversion
o Y d [y aa 2]
Foyet Channel da'ly Tnodoyan ldnnnmsuasdyanueuneniluaiaeazifiu1ilgg

Seunos ADCH Lae ADCL

34 Wty PwM
msvegaannunivvesiad  PwM)  Wumaiiaddgi ¥ lumlulge

¥
@ ar

aussouzvesduneiined  duiumsAnuufendy pwMm  Selinnududuedietedmiy
o o a’A'l aa o o Pt Y a nias!
duneimeiiionounesmeive lallansrouziazdse@ninmlumshauifauy
& 1 ¢ o © L] . “ ot
Weswnd PwM uilenFunisieumilalulnue. PWM 483 Timer/Counter fingnivlu
» ]

AVR - ATMEGAL6 aaluluridedlaeziuzinfoafun1sfieauves Timer/Counter 499
AVR - ATMEGAL®6

Timer/Counter

molu AVRCATMEGA16 a1l Timer/Counter 3 o Tagdaiiiu-Timer/Counter

} 4
YA 8 1 2 YALAT Timer/Counter UHIA-16 1M 1 YAAIHAD Timer/Counter2 1z
A o ol

Timer/Counter0 1181 © Timer/Counterl #d Timer/Counter2 ™U1I0TUIURIM  Clock 910

o& . P e 5 [ ¥ Py =
mouonduily Option M9gY1 Timer/Counter2 widudly RTC laold XTAL Aillsinnwd
MY 32,768 KHz mti‘lusmnmuaz Timer/Counter0. 8y Timer/Counterl 149907

Rescaling U177 10 99320~ #9% Timer/Counter2 192993 Rescaling LUNoand1ann

uuzIMIl¥ U Timer/Counter unasission
Timer/Counter.0
[ h = & A o
Tnsear$1eves  TimenCounter 0 Y119 81 Feaunsmhandeygan Clock 1R91n
CLK (Clock ¥9355U1) N3odnytyast-Clock #3210 pNgnIs (Rescaling) M30dfysy 491N
a = 4 [l [y
meuenlaens IFnuereineluiiames~TCCRO 1as TIFR- A dyg uAIugua o
= ey d R - o o cied
niuswazidealdnniimanss TCCRO  Fimsaiuqumstunessuszaugylden 33
g o o é o - 1 o ]
ai@py TIMSK 1l Timer/Counterd lAfudgygnaninneuen dadygrudinanamnaiieg
a1a3 1 (Synchronized) Sudgygmu1i#ninolu cPU 1y Timer/Counter 0 vziiluna93sly
J { ‘ 4 o
Tuiewiadvunazoudoyaldnaoanai leadiohinsidvudoynas TIMER/COUNTER 0

g

Tuvazfideyg Clock 92¥11% TIMER/COUNTER 0 siusdeilesninmingnidenasly
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Timer/Counter 1

wiivie 16 On Tesmusadendyonuufniiden cLK viedyorafildsy
MIMTIN CLK (Rescaling) Hansnys Timer/Counter 1 vvofuiw13u3imned ToCRIA
(Timer/Counter 1 ControlRegister) 118z TCCR1B Tasundnfiuansaniugsg
(Overflow, Comparemath, Captureeven) faudgygnaniuguazesuie i luitmaes TccrRIA
ing TCCRIB Msniunudgygudumes sndszniunuldnniiames TIMSK
(TIMER/COUNTER INTERRURUPT MASK REGISTER)

o TIMERI/COUNTERI vz1)3zneudavduueantsifonifieuieninn Output
CompearFunction) 2 Waﬁ%’uiﬂuvziﬁ'ﬁﬁmai’ OCRIA (Output Compare Register 1 ANIDZ
OCRIB (Output Compare Register ~1B) HuduvesmsifusmdoyavesmsnfSouiion
TIMERI/COUNTER! svanfiseiaon]diadsiy pwM 1&%ssounz 10 B

The Timer/Counter Control Register

Bits 7,6-COM1A1, -€OM1AQ :-Compare ~Output. Mode 1._A, bit =1 and 0 1iin
COMI1ALUDY COMIAD lﬂuﬂwmi’flumif‘imuﬂﬁ'ﬂymwmt‘fiyiywmﬁtﬁﬂﬁuﬁmoc1An‘ja
Timer/Counter]l i Compare  Match %atﬁai‘fmafﬁu Qutput Compare = Match U84
Timer/Counter] 92Ap3n 20N Y1 OCIA anuzidhie iy

Bit 5,4-COMIB1;COMIB0: Compare ' Quiput Mode'1" B, bit'1 \and 0 1N ComlAl
UagCOMIAD vf]uﬁwﬁ‘mumsﬁmuﬂﬁ'ﬂymwaaﬁiytg1mﬁtﬁmfuﬁm ocIA | die
Timer/Counter] i@ Comnpare © Match éalﬁﬂ’h’md‘f;’u Qutput | "Compare Match 4894
Timer/Counterl 9¢ABIn28Au 1AV T0CIA Hntugumeninn

Bit 3...2-Res: Reservedbits IMaIUUDY AT MEGA16 ﬂzmauﬁﬂiuﬂduﬁ"ﬁ

Bit 1...0 — PWMI 1, PWM{0: _Pulse Width Modulator Select:Bit (iHifin#i 14 ums
MUUANITINNIUYDY PWM

The Timer/Counter] Control Register B-TCCRI1B

Bit 7-iCnl: Input Capture 1 Noise Canceller (4 CKs) ﬁﬂ‘ﬁlﬂuﬁﬂﬁﬁmuﬂiﬁ
Input Capture 1 Noise Canceller ¥M191UnIe N Teodotmidhy 1 suifunts
fmual¥ Input Capture 1 Noise Canceller W91 uaidiofiniidu o sefiumssimun
Tl Input Capture 1 Noise Canceller ﬁ'lﬂmgﬂ Noise Canceller ﬂzgﬂﬁmuﬂlﬁ' W
Taun1s Sampling Feygyadiidundi %A Input Capture 1 IAudRyn 0 Sampling USNOLIZN
ﬁ-uaumnmmﬁmtymmfuw?mmqi’fuegjﬁ'umsﬁmuﬂ‘luﬁw ICES] layygm  Noise
Canceller 9% Sampling A2EANURIVALANUEYEY XTAL Favg Sampling Favua 4 nde

Tavaoind 1891nMs Sampling vednsiaednfrdusvacinfismualuiin 1CESI
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Bit 6-ICES1: Input Capture 1 Edge Select tﬂuﬁﬂﬁﬁl‘l’f’ﬁmuﬂiﬁ“ljﬂ Input Capture
1 93#09 Detect $1in ICEST tha dlu 1 sziflumssmualiyn Input Capture 1 Yimdhidl
Detect ﬁ'tgsmmﬁuaumi‘fu wadhdn 1ceS 1 grndesidiu o suflumsdmualdya nput
Capture 1 iM¥i1# Detect dgygnaifiveranas

Bit 5, 4-RES: Reserved bits ﬁwﬁvgﬂm'm'l’i‘

Bit 3: CTCI1: Clear Timerl/Counterl on Compare Match ﬁwﬁni‘lum‘i’ﬂumi

aod

fvuaduilefin  Ouput Compare uBavzlifamsiude linioss IisimsTdam i
00000 udSavmsiiusely Taewindufniidiu 1 siumssmualdnmssdan iy
0 iileiians Output Compare uAINTintmdedifiu-o-saduntsdmualiimstuideie
A Output Compare

Bit 2, 1, 0-CS12, CS11,/CS10; Clock Select bit 2, 1 and 0 Li‘luﬁmﬁ‘l‘i’f'ﬁluﬂmﬁan
ﬁ'tytmm clock |

The Timer/Counter in Capture Register - TCR1H AND ICRIL

dhidTmaedvuia—16’ lHifUA1- Timer/Counterl ~fingliiimnes TenTl Lile
Input Capture @10790Detéct I 118 Inpat Capture #1310 Detect daynya léamidmue
Tuiin 1IcES1 el crU Tnaamludteoned TCNTI aslusTames wazhinanfvaiu
iin ICF1 il 1 Tasmssunininisomes ICRT ¥oe. CPU- 92143 %anns TEMP (il
Tawmeiindoyn Funis1Himans ) TEMP Fawlumsemdoyaiite rafieyli 3o anes
ICRIH unz ICRIL lailaugnemuasnunieniu mMaoma1niimans. ICRI s¥dpas
Mon3ianesICRIL. noulaudiecPU Siumein ICRIL sevnimluiTames ICRIH
gnivannsluiiames TEMP tile CPU dwsion teriH sxitide ludiaime; TEMP

gnasld cpU

3.5 M31Wa1u Timer/Counterl Tulnan PWM

n15M19UTuTnus PWM 499 Timer/Counterl vzamisaidenldanld 8,9, v3e 10
inlaseninafildezoonfisn  PDS  (OCIA) uasv1 PD  (OCIB)  Tupisvhen
Timer/Counter] 9z ifuS Az A d9z AN 0000 feshgagauazssiuninmigagang
#0000 R euuEnaduom Iy Timer/Counter1 whdusluiiamed OCRIA Wie
OCRIB NARICLTR PD5 (OCIA)PD1 (OCIB) nlavumlasmuiidmuatuiin
COMIA/CoMIAO %38 CoM1B/Com1BO iile OCRI fifusitiy 0000 wierqagaezvhly

lenAv  OCIA/OCAIB  faoimiflu  Loww$e HIGH  ewfidmualuiin
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CONIAICOMIAO 38 COMIBI/COMIBO uaziile Timer/Counter (3@ Overflow Lazfi1
maiudiu 0000 sevirlviin Tovi ety 1

Timer2&Counter

14 Timer/Counter vu1A 8 Tinaiali/sznadeswaziBoavedsimaes 19y
Timer/Counter 2

The Timer/Counter 2 Control Register - TCCR2

Bit7 - Res:Reserved Bit U AT90S4434/8535 fmiiaaan'l’

Bit6 - PWM2: Pulse Width Modulator Enable (ufinfil§ Enable 1Tnua PWM
10 Timer/Counter 2 T Tasamindniigadiu-t—sadumsfmualiTnun  pwM
gn
Ensble Whihaeuuavniimilgrunaesiiy o ezihins Disssle il Trum pwa lu
Timer/Counter 2 11971 |

Bit 54 - Com21, Cori20: Comphre Output Mode, bit. 1 -baz 0 [Hhuiinfildfmua
numeduyaaiinl /PD7-(0C2) @6 TimerCouster 2\ el Tian- Compare. Touiile
Compare Output Match) 92431101 PD7 (002) Fhlilmy g mualuiin Com2l uae Comzo

Bit 3-CTC2:. Clear Timer/Counter on . Compare ~Maich Lﬂuﬁﬂﬁ‘l%’ﬁmuﬂiﬁ'
Timer2/Counter 2 1113 RESET. Auiln:00 mAas1nfin1lussawmss TONT2. Haunifus
AR IMMEimans | OCR Wie Compare . Output  Match mndmisay 1 il
Timer/Counter 2 ?L%ﬂ

Bit 2, 1,0-CS22,0S21, CS20: Clock Select bit2, 1 (tag 0:Huiinldlunisimua i

Rescaling
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unii 4

MINAAUATHANINAADY

vnmsnaass ldimsnaneuasieagumuiAvesguniel  TaoSasmnnudden
ginssinsaniamanuaievesd WBhnstiamesdaen adldlunseawd  Sdqild
Wmanacenldun Fuas Siuiu der Andos uazdun anudanlddmisnsSadiy
B @) i lBureslugld 41 iy 1dhd I8 luwdeans T duiug

J o’ o =
SHINRAARIANUNTEATNT

filter Red blue green no filter
nIAINE red 17:241k - || 1.5625k 2778k 20.83k
NIZAINE blue 1,5625Kk 2,941k 125k 6.061k
NseABE | “green 1.351k 3.226k 2.56k 7.143k
nzaed | | yellow 20k 2702k 10k 37.037k
AIEAME [ white 20.83k 17.857k | \\[17.857k | 158.824k

11199 4.1 10FAIAAINA IHEIHANUDAI
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un 5

unagy

rwves
[ 4 ' A
Tcs230 {ulugansredamd #alnssadreeszneudis TWidlaTonvuin 8xs

o b ¥ ' H J
#1 Goaunesd Taofi T 18laleasziiesnilu 4 ngu AeTW1dlaToaniRanosa

oo o ny = red d o o ] ]
ums, Bd07, MRy wozuunluifames Suiugeaz 16 A7 usaznguezABUAUD

] ¥
anuduanAiuauyilavesflames  msvuveslugaasasdasdideimseastedy
ware91n LED fdunannsgnufi MiflaTen Tavegluzdvesnssiielidy  uazezinlag
nszun Ilih Iidudygnaanudeoonunmamalugl fygpadmbon (Square wave) Tavil

0y duty cycle du 50%

llnsneuinsanes AVR
o ¥ A b e
Wihianugiteslszusaranivaevesszunlagly iy Insnaulnsanesviia

AVR 11195 ATMEGA 16 Tasnlaouaisinnamd liuaasnnudnis LED agns duidou

MIAIaAIHD

Usznoudie LED uaguama’voa lnssmyiodo Tuife 3u 3310

TINNISNARBAL BT VBN AT ILANATIBA  Inenis i uee T 14 s
wnfnNuAvead Taweisduondansnoonin 5§ uazanmmsuonRe auas mricy,
A, Fmdies uazdum 111ﬂ1§u"lﬁ'ﬁ1maﬁnmmsﬂﬂﬂﬂmauTmma{mzqa AVR nl¥
swmanuiininluga ET-TCs230 eviamawdad lanmeatnalaonsduidiusme &
upsdunilsfonaz Sfeaduaesimay Sbudumuudivne fmfordudsone fundu
H19anae uazuan U903 ;ﬂtﬂ?m?’l’mmuﬁﬁmuﬁfumsan?fﬂﬂmﬂmuax flow chart N13

1 4
@ o

a ol i < ) I3
maves lyTnsaou TnsamesAne I3 ludunuinainves USgyaniinusatiudl

mun idesniuyiinde sy uenddmiuaumusniiianyumshaudai
1. anunsonidudldTaemsna switch #ansiinuveuniosslsuenddimiuny

Yo = oS M 5 oA n'a
muealimnmsuanudnnnszayansed Tuuansnania LED uaznisdu
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2. wnna switch Famavhawdel 3 Juifezidigmisden awnsodemnsueny
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Features

* High-performance, Low-power AVR® 8-bit Microcontroller
* 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
* Nonvolatile Program and Data Memories
— 32K 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
- 1024 Bytes EEPROM
Endurance: 100,000 Write/Erase Cycles
— 2K Byte internal SRAM
— Programming Lock for Software Security
+ JTAG (IEEE std. 1149.1 Compliant} Interface
— Boundary-scan Capabllities 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 Oscillator
— 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 Pragrammable 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
* I/O and Packages
- 32 Programmable I/O Lines
— 40-pin PDIP, 44-lead TQFP, and 44-pad 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

Y <)

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

ATmega32
ATmega32L

Preliminary

Summary

Rev. 2503BS-AVR-10/02

Note: This is a summary document. A compiste documentis
A mEl avalable on ourweb site at www.atmel.com.
I P



Pin Configurations

Disclaimer

ATMEL

Figure 1. Pinouts ATmega32

PDIP
- W,
(XCK/TO) PBO [ 4 40 3 PAO (ADCO)
(T1) PB1 CJ 2 39 [0 PA1 (ADC1)
(INT2/AINO) PB2 J 3 38 O PA2 (ADC2)
(OCO/AINY) PB3 (] 4 37 [0 PA3 (ADC3)
(5% PB4 O 5 36 0 PA4 (ADC4)
(MOSI) PB5 ] & 35 0 PAS (ADCS)
(MISO) PBE O] 7 34 O pas (ADCE)
(SCK) PB7 ] 8 33 [7 PA7 (ADC7)
RESET (3 9 32 O AREF
vee o 10 310 GND
GND O 11 30 b Avee
xTaL2 o 12 29 0 PC7 (TOSC2)
XTAL1 113 28 b PC6 (TOSC1)
(RXD) PDO 14 27 | Pcs (D))
(TXD} PD1 (] 15 26.5 Pc4 (TDO)
(ONTO) PD2,c] 16 25.[7.PC3 (TMS)
(INT4) PD3 ].17 24 5.PC2 (TCK)
(0C1B) PD4 (118 23 [ PG1 (SDA)
(OC1A) PDS ] 18 22 [ PCOV(SGL)
(cP) PDB o 20 21-{5- PD7 (OC2)
TQFP/MLF
&
U —
e
in 2 &~
B23E8 9359
na-o0lD0ao-Nn
PEES8Z08FL S
oo aoononn
® 44,42, 40, 38 36 34
(MOS!) PBS 1 33 [Z1°PA4 (ADC4)
{MISO} PBE ] 2 32 /0 PAS (ADCS)
(SCK)- PB7. 13 311 PA8 (ADCS)
RESET ] 4 30 [0 /PA7 (ADC?)
vee o5 28" 13 AREF
GND= 6 28 [F1/GND
XTAL2UC] 7 27 |3 avee
XTALT-C & 26/ PC7 (TOSC2)
(RXD) PDO ] 9 25 b pce (TOSCY)
(TXD)-PD1 ] 10 24 [ PCS5 (TDI)
(NTOY.PD2. | 41 23 |5 Pc4 (TDO)
12121451 617751 9202152
gooillogguagud
OTU OO TN M
S3835888588
CETIEN ITLE
L] Qa8 QO
2358  8aE¢

Typical vaiues contained in this data sheet 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.

2 ATmega32(L) m———————————
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e A TMega32(L)

Overview The ATmega32 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 consumption versus processing speed.

Block Diagram Figure 2. Block Diagram
PAD - PA7
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2 e AL
* : [ ; N N
i 1 [ PR i —
: v % % v v v vy &
I PORTA DRIVERS/BUFFERS | ] PORTC DRIVERS/BUFFERS |
T
I
I i i
GND | PORTA BIGITAL INTERFAGE | | PORTC DIGITAL INTERFAGE |
: x
N . /
B 1A T
: ADC !
INTERFACE l' e ™
! TIMERS/ ;
Ny % i. o 5" GOUNTERS J‘ ’i RECILATOR I— :
)
INTERNAL
SRAM OSCILLATOR
' : | XTALY
. : v T
INSTRUCTION | | | GENERAL & | ~ | warcHooa el
REGISTER ‘> PURPOSE ! L -I TIMER J I OSCILLATOR E
A REGISTERS : 7 P T
INSTRUCTION 1 L MCUCTRL, p——— AEREY
DECODER & TIMING }
* | INTERNAL
c?_::"r;so" s | INTERRUPT CALIBRATED
; OSCILLATOR
STATUS .
: AVR CPU REGISTER [V [ EEPROM

e gy

N\
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i
x X
L PORTE DIGITAL INTERFACE | PORTD DIGITAL INTERFACE
l T
i .
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[ T IIA
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LA B A J *t Vv
PBO - PA7

ATMEL ;
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Pin Descriptions
vcc
GND

Port A (PA7..PA0)

AIMEL

I

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 resulting architecture is more code efficient while achieving throughputs up to
ten times faster than conventional 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 1/O lines, 32 general purpose working registers, a
JTAG interface for Boundary-scan, On-chip Debugging support and programming, three
flexible Timer/Counters with compare modes, [nternal and External Interrupts, a serial
programmable USART, a byte oriented Two-wire Serial Interface, an 8-channel, 10-bit
ADC with optional differential input stage with programmable gain (TQFP package only),
a programmable Watchdog Timer with Internal Oscitlator, 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 con-
tents but freezes the Oscillator, disabling all other:chip functions until the next External
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 |/ modules except Asynchro-
nous Timer-and ADC, to minimize switching noise during ADC conversions. In Standby
mode, the crystal/resonator Oscillator is running while the rest of the device is sleeping.
This allows . very fast start-up combined with low-power consumption. In Extended
Standby mode, both the main Osciltator 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 SP| serial interface, by a conventional nonvolatile memory programmer, or
by an On-chip Boot program running on the AVR core.-The boot pragram can use any
interface to download the application program in the Application Fiash memory. Soft-
ware 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- microcontroller that provides a highly-flexible and cost-effective solution to
many embedded control applications.

The ATmega32 AVR is supported with a full suite of pragram 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 /O port, if the A/D Converter is not used.
Port pins can provide internal pull-up resistors (selected for each bit). The Port A output
buffers have symmetrical drive characteristics with bath high sink and source capability.
When pins PAQ to PA7 are used as inputs and are externally pulled low, 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 ATmega3d2(L) mees—————————————————
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Port B (PB7..PBO0)

Port C (PC7..PC0)

Port D (PD7..PD0)

XTAL1
XTAL2

AVCC

AREF

About Code
Examples

2503BS-AVR-10/02

Port B is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each
bit). The Port B output buffers have symmetrical drive characteristics with bath high sink
and source capability. As inputs, Port B pins that are externally pulied 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 if the clock is not running.

Port B also serves the functions of various special features of the ATmega32 as listed
on page 55.

Port C is an 8-bit bi-directional I/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 acti-
vated eveniif 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 special features of the
ATmega32-as listed on page 58.

Port D is an 8-bit bi-directional /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 pulled 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 60.

Reset Input. Adlow 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 35. Shorter pulses are not guaranteed to.generate a reset.

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

AVCC is the supply voltage pin for Port A and the A/D Converter. It should be externally
connected to Ve, even if the ADC s not used. If the ADC is used, it should be con-
nected to Ve through a low-pass filter.

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

This documentation contains simple code examples that briefly show how to use various
parts of the device. These code examples assume that the part specific header file is
included before compilation. Be aware that not all C Compiler vendors include bit defini-
tions in the header files and interrupt handling in C is compiler dependent. Please
confirm with the C Compiler documentation for more details.

AIMEL 5
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Register Summary

Address Name Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bit 1 Bit0 Page
$3F ($5F) SREG | T H S v N r4 C 8
$3E ($5E) SPH SP11 SP10 SP SP8 10
$3D ($50) SPL SP7 SP6 SPS SP4 SP3 5P2 SP1 SPO 10
$3C (3$5C) OCRO Tiner/Counter0 Oulput Compare Register 80
$3B ($5B) GIiCR INT1 INTO INT2 45, 65
$3A ($5A) GIFR INTF1 INTFQ INTF2 . i i 66
$39 ($59) TIMSK QCIE2 TOIE2 TICIEY OCIE1A OCIE1B TOIE1 OCIED TOIED 80, 110, 127
$38 ($58) TIFR OCF2 TOV2 JCF1 OCF1A OCF1B TOV1 OCFO TOVO 81,111,128
$37 ($57) SPMCR SPMIE RWWSE : BLBSET PGWRT PGERS SPMEN 246
$36 ($56) TWCR TWINT TWEA TWWC TWEN TWIE 175
$35 (355) MCUCR SE SM2 1SCH ISC10 1SCO1 1SC00 30, 64
$34 (§54) MCUCSR JTD 1SC2 WDRF BORF EXTRF PORF 38, 65, 226
$33 ($53) TCCRO FOCO WGMOO WGMOD1 cs02 Cs01 CS800 78
$32 ($52) TCNTO Timer/Counterg (8 Bits) 80

$31 (851 OSCCAL Oncillu_tor Cnlibmion_ Repister 28

OCDR On-Chip Debug Ragister - . 222
$30 ($50) SFIOR ADTS2 ADTS1 ADTSD - - _ ACME PUD PSR2 PSR10 54,83,129,196,216
$2F ($4F) TCCR1A COM1A1 COM1AD COM1B1 COM1B0 FOC1A FOC1B WGEM11 WGM10 108
$2E {$4E) TCCR1B ICNC1 ICES1 WEM13 WGM12 CS12 cs11 CS10 108
$2D (34D} TCNT1H Timer/Counter] — Counter Register High Byte 109
$2C (34C) TCNTIL Timer/Counter1 — Counter Register Low Byte 109
$2B ($48) QOCR1AH Timer/Counter! — Output Compare Registar A High Byte 108
$2A (34A) OCR1AL Timer/Counter1 — Output Compare Register A Low Byte 109
$29 ($49) QCR1BH Timer/Counterd —Output Compare Register B High Byta 108
$26 (548) QCR1BL Timer/Counter1 — Output Compare Regisler B Low Byle 1089
$27 ($47) ICR1H Timar/Counter1 — input Capture Register High Byte 110
$26 ($46) ICRIL Timer/Counter1 — Input Capiure Register Low Byte 110
$25 ($45) TCCR2 Foc2 | ~womzo | “comar | comzo [ wemzt [ csez | csa | csa0 122
$24 (544) TCNT2 Timer/Cotinter2 (8 Bits) 124
$23 (843} OCR2 Timar/C Output C 125
$22 ($42) ASSR - i ] AS2 TCN2UB OCR2UB TCR2UB 125
$21(841) WDTCR WDF2 WDP1 WDPO 40

2 UBRRH UBRR[11:8) 162

5207 ($40) UCSRC ucszl | | ucszo | ucpoL 160
$1F ($3F) EEARH s ] EEARE 17
$1E ($3E) EEARL EEPROM Address Registar Low Byte 17
$10 (330} EEDR EEPROM Dala Regisiar 17
$1C ($3C) EECR i . ; - o S EERIE EEMWE EEWE EERE 17
$1B ($3B) PORTA PORTA? PORTAS PORTAS PORTA4 PORTA3 PORTA2 PORTA1 PORTAQ 62
$1A ($3A) DDRA DDAT DDAS DDAS DDA4 DDA3 DDA2 DDA DDAG 62
$16 ($39) PINA PINAT PINAB PINAS PINA4 PINA3 PINA2 PINA1 PINAD 62
$18 ($38) PORTE PORTB? PORTB6 PORTBS PORTE4 PORTRB3 PORTE2 PORTS1 PORTBO 62
$17 ($37) DORB DDB? DDB6 DDBS DOB4 DDB2 DDB2 DDB1 DDBO 62
$16 ($36) PINB PINBT PiNBE PINBS PINB4 PINB3 PINB2 PINB1 PINBD 63
$15 (335) PORTC PORTC? PORTCS PORTCS PORTC4 PORTC3 PORTC2 PORTCA PORTCD 63
$14 ($34) DDRC DDC7 ODCE 0DCS DDC4 DDC3 DDC2 DDC1 DDCo 63
$13 ($33) PINC PINCT PINCE PINCS PINC4 PINC3 PINC2 PINC1 PINCO €3
$12 ($32) PORTD PORTD? PORTDG PORTDS PORTD4 PORTD3 PORTD2 PORTDA PORTDO 63
§11($31) DDRD ooD? DDD& DDDS DDD4 DDD3 DDD2 oDDY DDDO 63
$10 ($30) PIND PIND7 PINDE PINDS PING4 PIND3 PIND2 PIND1 PINDO 63
$OF ($2F) SPDR SPl Data Register 136
$0E {$2E) SPSR SPiF WCOL : SPIZX 136
$0D ($2D) SPCR SPIE SPE CORD MSTR SPRO 134
$0C ($2C} UDR USART I/O Data Register 157
$OB ($28) UCSRA RXC TXC UDRE FE DOR PE u2x MPCM 158
$OA ($2A) UCSRB RXCIE TXCIE UDRIE RXEN TXEN UCSZ2 RXB8 TXB8 158
300 (529) UBRRL USART Baud Rate Register Low Byte 162
$08 (§28) ACSR ACD ACBG ACO AC| ACIE ACIC ACIS1 ACISO 187
$07 (827} ADMUX REFS1 REFS0 ADLAR MUX4 MUX3 MUX2 MUX1 MUX0 212
$06 ($25) ADCSRA ADEN ADSC ADATE ADIF ADIE ADPS2 ADPS1 ADPS0 214
$05 ($25} ADCH ADC Data Register High Byte 215
304 ($24) ADCL ADC Data Register Low Byte 215
$03 ($23) TWDR Two-wire Serial Interfece Data Register 177
302 ($22) TWAR Twas | twas | Twas ] Twas [ Ttwaz T —Twat T Twao | Twsce 177

ATmegad2(L) m—————
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s A TMega32(L)

Address Name Bit7 Bit6 BitS5 Bit4 Bit 3 Blt 2 Bit 1 Bit0 Page
$01 (321) TWSR TWS? TWS6 TWSE TWS4 TWS3 TWPS1 TWPSD 178
bR e i SRR 2 DL RIS R RiSIL 175
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 1/0 memory addresses

should never be written.
Some of the status flags are cleared by writing a logical one to them. Note that the CBI and S8l instructions will operate on
all bits in the I/O register, writing a one back into any flag read as set, thus clearing the flag. The CB! and SBI instructions
work with registers 300 to $1F only.

2503BS-AVR-10/02
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Instruction Set Summary
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Mnemonics | Operands | Description | Operation Fiags #Clocks
ARITHMETIC AND LOGIC INSTRUCTIONS
ADD Rd, Rr Add wo Registers Rd « Rd + Rr ZCNVH 1
ADC Rd, Rr Add with Carry two Registers RdeRd+Rr+C ZCNVH 1
ADIW Rdl.K Add Immediate to Word Rdh:Rdl - Rdh:Rdl + K ZCNVS 2
suB Rd, Rr Subtract two Registers. Rd « Rd - Rr Z,C NV H 1
suBl Rd, K Subiract Constant from Register Rd ¢ Rd - K ZC NV H 1
SBC Rd, Rr Subtract with Carry two Registers RdeRd-Rr-C ZCNVH 1
SBCI Rd, K Subtract with Carry Constant from Reg. Rd+—Rd-K-C Z.LCNV H 1
SBiw Rdl,K Subtract immediate from Word Rdh:Rdl « Rdh:Rdl - K ZCNVS 2
AND Rd, Rr Logical AND Registers Rd - Rd « Rr ZNV 1
ANDI Rd, K Logical AND Register and Constant Rd < Rd s K ZNY 1
OR Rd, Rr Logical OR Registers Rd « Rd vRr ZNV 1
ORIt Rd, K Lagical OR Register and Constant RdeRdvK ZNV 1
EOR Rd, Rr Exclusive OR Repisters Rd « Rd & Rr ZNV 1
COoM Rd One's Compl i Rd + $FF = Rd ZLNV 1
NEG Rd Two's Compl: it Rd + $00 = Rd ZCNVH 1
SeR Rd.K Set Bit(a) in Register Rd — Rd v K ZNV 1
CBR Rd.K Clear Bit(s) in Register Rd «Rd s ($FF - K) Z NV 1
INC Rd Increment Rd«Rd +1 2NV 1
DEC Rd Decrament Rd«Rd-1 Z NV 1
TST Rd Test for Zaro or Minus Rd« Rd » R ZNV 1
CiR Rd Clear Register Rd « Rd & Rd ZNV 1
SER Rd Set Register Rd + $FF None 1
MUL Rd, Rr Multiply Unsigned R1:R0 « RdxRr 0 2
MULS Rd, Rr Multiply Signed R1:R0 < Rdx Rr 2.C 2
MULSU Rd, Rr Multiply Signad with Unsigned R1:R0 ¢ Rd x Rr e 2
FMUL Rd, Rr Fractional Multiply Unsignsd R1:R0+- (Rdx R €< 1 ZC 2
FMULS Rd, Rr Fractionat Muttiply Signed R1:RO « (Rd x Rr) << 1 zZC 2
FMULSU Rd, Rr Frastional Multiply Signad with Unsignad RURO(Rd xRr) << 1 ZC 2
BRANCH INSTRUCTIONS
RIMP k Relative Jump PC«PC+k +1 None 2
IIMP Indirect Jump to (Z) PC 2 Nona 2
JMP Kk Direct Jump PC + k None 3
RCALL 3 Relative Subroutine Call PC—PC+k+1 None 3
ICALL Indirect Call o (Z) PC+Z None 3
CALL Kk Direct Subroutine Call PC +—k None 4
RET Subroutine Return PC «- STACK None 4
RETI interrupt Return PC & STACK | 4
CPSE Rd,Rr Compare, Skip if Equai f(Rd=R)PCe—PC+20r3 Nons 11213
CP Rd,Rr Compare Rd - Rr Z,NV,CH 1
CPC Rd,Rr Compars with Carry Rd - Re-C Z NV.CH 1
CPl . Rd,K Compare Register with Immediate Rd-K Z, NV.CH 1
SBRC Rr, b Skip if Bit in Register Cleared if (Re(b)=0) PC « PC+20r3 None 1/213
SBRS Rr, b Skip if Bit in Register is Set H(Rr(b}=1)PC— PC+20r3 None 1/2/3
sSBIC P, b Skipif Bitin /O Ragister Cleared i.(P{b)=0) PC « PC +2.0r3 None 1/213
SBIS P, b Skip if Bitin KO Registor is Set #(P(b)=1) PC«PC +20r3 None 1/243
BRBS s, k Branch H Status Flag Set i (SREG(s) = 1) then PCe~PC+k + 1 Nane 1/2
BRBC s, k Branch i Status Flag Cleared if (SREG(8) = 0) then PC—PC+k + 1 None 1/2
BREQ [ Branch if Equal H(Z=1)then PG e PG+ k +1 None 172
BRNE S Branch if Not Equal if (£2=0) then PC & PC +k +1 None 1/2
BRCS k Branch if Carry Set i (C=1)then PC&« PC +k+ 1 None 1/2
BRCC k Branch if Carry Cleared if (C=0)then PC &« PC + k + 1 Nene 1/2
BRSH k Branch if Sama or Higher H{C=0)then PC«— PC +k +1 None 1/2
BRLO k Branch if Lower H{C=1)then PC—PC +k+1 None 112
BRM| k Branch ff Minus HIN=1)then PC«— PC +k+1 None 112
BRPL k Branch if Plus if(N=0)thenPC « PC +k+1 None 1/2
BRGE k Branch if Greater or Equal, Signad if (N®V=0}then PC«~ PC +k +1 None 1/2
BRLT k Branch if Lass Than Zero, Signed H{NBV=1)then PC« PC +k +1 None 1/2
BRHS k Branch if Half Carry Flag Set if(H=1)thenPC e PC +k +1 None 1/2
BRHC k Branch if Helf Carry Flag Cleared f(H=0)thenPC & PC +k +1 None 1/2
BRTS k Branch if T Flag Set f(T=1)then PCePC+k +1 None 1/2
BRTC k Branch if T Flag Cleared f(T=0)thenPC e PC+k+1 Norne 112
BRVS k Branch if Overflow Flag is Set f(V=1)thenPCPC+k+1 None 1/2
_QRVC k Branch it Overfiow Flta is Cleared H{V=0lthenPC+PC+k+1 N@e $/2

8 ATmega3d2(L) e
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Mnemonles Operands Description Operation Flags #Clocks
BRIE k Branch if Interrupt Enabled if{1=1)then PC < PC +k + 1 None 112
I_Bﬂg 3 Branch if Interrupt Disabled f{1=0)then PC < PC vk +1 None 1/2
DATA TRANSFER INSTRUCTIONS
MOV Rd, Rr Move Beiween Registers Rd « Rr None 1
MOVW Rd, Rr Copy Register Word Rd+1:Rd « Rr+1:Rr None 1
LDI Rd, K Load Immediate Rd « K None 1
iD Rd, X Loed Indirect Rd « (X) Nene 2
LD Rd, X+ Load Indirect and Post-inc, Rd e (X), X X+1 Naone 2
LD Rd, - X Load Indirect and Pre-Dec. Xe=X-1,Rde{X) None 2
LD Rd, Y Load Indirect Rd+(Y) None 2
LD Rd, Y+ Load indirect and Post-Inc. Rd &« (¥), Y e Y 41 None 2
LD Rd, - Y Load Indirect and Pre-Dec. Y& Y-1,Rde(Y) None 2
LDD Rd,Y+q Load Indirect with Di: it Rd « (Y + q} Nona 2
LD Rd, 2 Load Indirect Rd « (2) None 2
LD Rd, Z+ Load Indirect and Post-Inc. Rd ¢ (2}, Z « Z+1 Nona 2
LD Rd, -2 Load Indirect and Pre-Dec. ZeZ-1,Rd «(Z) Nane 2
LDD Rd, Z+q Load Indirect with Diapl 1t Rd & (Z +q) None 2
LDS Rd, k Load Direct from SRAM Re « (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
87 - X, Rr Store |ndirect and Pre-Dec, X4+ %=1 (X) < Rr Nona 2
ST ¥, Rr Store Indiract {Y) «Rr None 2
ST Y+, Rr Store Indirect and Pest-Inc. (Y)e=RoY Y +1 None 2
$T -Y, Rr Stora Indirect and Pre-Dec. YY1 (Y)eRr None 2
STD Y+q,Rr Stora Indirect with Disp (Y + q) ¢~ Rr None 2
ST Z, Rr Stora Indirect {Z) « Rr None 2
ST Z+, Rr Store Indirect and Posi-inc. (Z)e—RrZ+2Z+1 None 2
8T -Z Rr Store Indirect and Pre-Dac. Ze2-4,(Z) «Rr None 2
STD Z+q,Rr Store Indiract with Displacement (Z +q) «Rr None 2
STS k, Rr Store Direct to SRAM (k) & Rr None 2
LPM Load Program Memory RO « (2) None 3
LPM Rd, 2 Load Program Memory Rd & (2) None 3
LPM Rd, 2+ Load Program Memory and Post-Inc Rd & (2}, 2 Z+1 None 3
SPM Stora Program Memory (Z) < R1:RO None -
IN Rd, P In Port Rd « P None 1
ouT P, Rr Cut Part P« Rr None 1
PUSH Rr Push Register on Stack STACK « Rr None 2
POP Rd Pop Re_;ﬂisler from Stack Rd « STACK None 2
BIT AND BIT-TEST INSTRUCTIONS
SBI P.b Set Bit in /O Register VO(P.b} « 1 None 2
CB| P.b Clear Bit in I/O Register JIG{P.,b) ~ O None 2
LSL Rd Logical Shift Left Rd{n+1) « Rd(n), RO{0) « 0 ZCNV 1
LSR Rd Logical Shift Right Rd(n} « Rd(n+1), Rd{7) « 0 ZCNV 1
ROL Rd Rotate Left Through Carry Rd{0}—C Rd(n+ 1}« Rd(n).C+Rd(7) ZCNV 1
ROR Rd Rotate Right Through Camry Rd(7)}C,Rd{n)je- Rd(n+1).C«Rd(0) ZC NV 1
ASR Rd Arithmetic Shift Right Rd(n) & Rd(n+1), n=0..8 ZCNV 1
SWAP Rd Swap Nibbies Rd(3..0}Rd(7..4),Rel{7, 4}—Rd(3..0) None 1
BSET 8 Flag Set SREG(s) « 1 SREG(s) 1
BCLR ] Flag Clear SREG(E) « 0 SREG(s) 1
B8ST Rr, b Bit Store from Registerto T T « Rrib} T 1
BLD Rd, b Bit load from T to Register Ra{b)eT None 1
SEC Set Camry Cet C 1
CLC Clear Carry Cel C 1
SEN Set Negative Flag Nei N 1
CLN Clear Negative Flag Neo N 1
SEZ Set 2ero Flag Ze1 Z 1
cLz Clear Zero Flag Ze0 Z 1
SEt Global Interrupt Enable 11 | 1
CLl Global Intarrupt Disable 10 | 1
SES Set Signed Test Flag S S 1
CLs Clear Signed Test Flag S« 0 5 1
SEV Set Twos Complement Ovarfiow. Vet \ 1
CLV Clear Twos Complement Overflow Ve | 1
SET Set Tin SREG Ted T 1
CLT Clear T in SREG T<0 T 1
SEH Set Half Cam Flag in SREG He1 H 1

2503BS-AVR-10/02
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Mnemonics Operands Description Operation Flags #Clocks
LH Clear Half Cag Flag in §RE§ He 0 H 1

MCU CONTROL INSTRUCTIONS

NOP No Operation None 1

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

WDR Watchdog Reset (see spacific descr. for WORAIimer) None 1

BREAK Break For On-Chip Debug Only None N/A

1 ATmega32(L) =ee—————e————
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A Tmega32(L)

Ordering Information

Speed (Wz) Power Supply Ordering Code Package Operation Range
8 27-558V ATmega32L-8AC 44A Commercial
ATmega32L-8PC 40P6 {0°C to 70°C)
ATmega32L-8MC 44M1
ATmega32L-8Al 44A Industrial
ATmega32L-8PI 40P6 (-40°C to 85°C)
ATmega32L-8M!I 44M1
16 45-55V ATmega32-16AC 44A Commercial
ATmega32-16PC 40P6 (G°C to 70°C)
ATmega32-16MI 44M1
ATmega32-16Al 44A Industrial
ATmega32-16P!I 40P6 (-40°C to 85°C)
ATmega32-16MC 44M1
Package Type
44A 44-lead, Thin (1.0 mm) Plastic Gull Wing 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 body, lead pitch 0.50 mm, Micro Lead Frame Package (MLF)

250385-AVR-10/02
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Packaging Information

44A

44-lead, Thin (1.0mm) Plastic Quad Fiat Package
(TQFP), 10x10mm body, 2.0mm footprint, 0.8mm pitch.
Dimension in Millimeters and (Inches)*

JEDEC STANDARD MS-026 ACB

12:25(0:482)
PINAID | 17.75(0.462) >
= 0.45(0.018)
0.80(0.0315) BSC

J 0.30(0.012)
B 4

, © 10.10(0/304)
9.90(0.386) ~ 2

r— 1.20(0.047) MAX

0.20(0.008} 0~

0.09(0.004} T
% J '__ 0.75(0.030) 0:15(0.006) |

0.45(0.018) 0.05(0.002)

*Controlling dimension: millimeter

REV.A  04/11/2001

12 ATmega32(L) m————
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A Tmega32(L)

40P6

40-lead, Plastic Dual Inline

Package (PDIP), 0.600" wide
Dimension in Millimeters and (Inches)*
JEDEC STANDARD MS-011 AC

52.71(2.075)

51.94(2.045) PIN

1
[T aAJI M\

?

13.97(0.550)
13.46(0.530)

!

=PEEN BN 'EANNEST 2R B=2IT

J——— 48.26(1.900) REF ———‘

4.83(0.190) AX
|
SEATING | ji
PLANE  § ™ {
3.56(0.140) 0.38(0.015)MIN
3.05(0. 120r! L Ty 065) 0.56(0.022)
0.38(0.015
2:54(0.100)BSC 1.27(0.050) /i
16/88(0.625)
]"15.24(0.600ﬂ
[ |
| A\ 0° ~ 15> REF
0.38(0.015) /L \J\_,/
0.20(0.008)

17.78(0.700)MAX

*Controlling dimension: Inches

REV.A  04/11/2001

AIMEL 1
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\ Marked pin#1 identifier

o T e T e Y T T s S i Y 0 N i e N s |

; |ﬁ {ﬁ \—SEATING PLANE

TOP VIEW
—
[~}
'
[od /— PIN #1 CORNER MRE VIEW:
U U U U U U U U U k COMMON DIMENSIONS
(*Unit of Measure = mm}
[ .
] | ¢ & N SYMBOL | “MIN' |..NOM | MAX | NOTE
- n A 080 | 080 |~1.00
> S A1 0.00_ |- 0.02 (| -0.08
g o A3 0.25 REF
Eg 3 b 018 | 023°] 030
S G
— o= D 7.00BSC
=) — D2 | 500.] 520 | 540
| PR am E 7,00 BSC
-~ e E2 | 500|520 | 5.40
010NN ARaN o 050B5C
@_.\ ’__ __‘ L 035 | 055 075
BOTTOM VIEW
NOTE 1. JEDEC STANDARD M0-220, Fig 1 (Saw Singulation), VIKKD-1
08/28/01
2325 Orchard Parkway] TITLE DRAWING NO. | REV
e R e I
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s A Tega32(L)

Errata

ATmega32 Rev. A There are no errata for this revision of ATmega32.

ATMEL r

2503BS-AVR-~10/02



Data Sheet Change
Log for ATmega32

Changes from Rev.
2503A-03/02 to Rev.
2503B-10/02

AIMEL

I

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.

10.
11.
12.

13.

Canged the endurance on the Flash to 10,000 Write/Erase Cycles.

Bit nr.4 — ADHSM - in SFIOR Register removed,

Added the section “Default Clock Source” on page 23.

When using External Clock there are some limitations regards to change of
frequency. This is described in “External Clock” on page 29 and Table 118 on

page 286.

Added a sub section-regarding OCD-system and power consumption in the
section “Minimizing Power Consumption” on page 32.

Corrected typo (WGM-bit setting) for:

- “Fast PWM Mode™ on page 73 (Timer/Counter0)

- “Phase Correct PWM Mode” on page 74 (Timer/Counter0)
= “Fast PWM Mode" on page 118 (Timer/Counter2)

= “Phase Correct PWM Mode” on page 119 {Timar/Counter2)

Corrected Table 67 on page 162 (USART).
Updated Vi, I, and |, parameterin “DC Characteristics” on page 284,

Updated Description of 0SCCAL Calibration Byte.

In the data sheet, 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 28 and
“Calibration Byte” on page 256.

Corrected typo in Table 42.
Corrected description in Table'45 and Table 46.-
Updated Table 119, Table 121, and Table 122,

Added “Errata” on page 15:

15 ATmega32(L) ms—
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