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3D SOCCER ROBOT
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Educational Year 2006

Abstract

This report presents a design and a construction of 3 dimension soccer robot which consists
of the body and the image processing by computer. This will receive the digital data from cameras
to the 3 dimension image processing and send it through parallel port to radio frequency
transmitter. The radio frequency receiver and decoder will decode the data to the microcontroller
which will drve robot to turn-left, turn-nght, forward and backward by the drnve motor circuit.
This process receives image processing with a computer that moves the robot to the ball and kicks

it toward the goal by using solenoid.
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4. Tnfwed (Fimen Feludauitannsovanudiuminefnieminedd 14 egidlé
deamis Tidu
5. @3RuRUN1IdWABT$U (Interrupt Controtier) dmiuiudndwmeiithnnn
nouen
Fosmumiudluessdilszneufiug il InsaeuTnsamefudaziue fnisezivenaind
Faiimwannsouesis SstuegiviuefuealulnsneuInsamesisu AD (Analog to
Digital Converter) PWM (Pulse Width Modulator) 4114 dailegiiuguialéniaumaivesia
wawwiia Fus s nden]dldama mmnzauveanu FaSyaninwuiaduii g
@don1¥luinsaevu Tnsamesfiawna Tsunsudeyanalinnisarmir Tilsunsy 18 Taodi T
dosnead Tulasaeu Insamesennuviinis Tusuasulmi vieFond1 msTusunsuluaees

38 1uszU (In System Programming) Y11 nsAmumTensaeuiiigs anesaunisilsuily
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wia dmnsadayalnioanuillsunsuh WWeseazain e lulasaeu Tns mnesyiind

wanTaoussm ATMEL 7195071 AVR unz 18 fen19lief ATmegas-16P1

2.4 lnssaanazamilagnssuvedlulasneuinsames AVR
d1luTasneuTniames AVR 11107 ATmegas-16P1 MBen 14l seinseenuuuily

an1ilaons sy RISC (Reduced Instruction Set Computer) Naziin1395me1d 1M AIABA

i - o o o -
1/0 12z A/D Converter Nenusa1§uu@eaniu FeiiTnssadravesrsesdsnaaslugilfi 2.4

ADC Sample
and Hold
ADtn+1}
ADCH
P ADMUX

Digital Input

71 2.4 uaAI993Ms THIUT WAUBBIADC HAZY/O

1
MY A )

naziiveantuinn i luiuhudarfeliaessiannudaioly uazfinesnas1daun

v ] o a [ . F] ~ o T o
wnnd nagorilasnssunsluiseadion fujunouq suduaszqadorfwsuves
&£ L") - - o o
AT9052313 ailogiiu Iidnnialinda uazdrgemnmussudenlaezunsuves AVR wes

ATmega8-16P1 a3t 2.5 vzl fiiiuTassndwedunsng 14
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;’n PORTC DNGIIAL MTCRACE FORTD DNGHAL NTERFACE
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NEF) ¥
FROGR A P .'—'il TRy J-‘-—- COCLIATOR | |
. comaen 1] rownER ™ COuNTCRS
)1 ) 4
i 1
sROGRaM | ] — STEAwL
1
i i
NETRCTION VATCHOOG
moartn | Ll o o i OBCULLATOR
' i
1 o] X
vettrcTIOn || | = MCuCTRL.
pECOOCR STNG
1_ o] z
CONTROL NTERRUPT
LINER wat
i
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AVR CPU recmen EEPROM
= M H =
>
} | vemEace
A -~ A\
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PORTD DIGITAL. WTERFACE
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51 2.5 udenlazinsuVes AVR 1103 ATmegas-16PI
AVR il TnsneuInsamesasygn 8051 findaunziannlas ATMEL dewinmsid
aseonuuudailaunssunuL RISC (Reduced Instruction Set Computer) 1AUAI3BOALLL
amilavnissuiiun R1sC Taoia T a:ﬁqmﬂuﬁﬁﬁﬁf

- f1daresoUdya RN (One Instruction per Cycle) Wuiludwsnavfitinds




»
Tunisesnuuuaniilagns sunuy RISC Tag szwervwvivuidiaiesdumolu 1 seu
o 3 £ da= . . + o ad : ]
daasu1ithi (1 Clock Cycle) 34030135 19 pipeline W1%2aTun1svia aniu luasdiieu
= [ LIS M & o A: -~ - * o o
9399 819 Wil 1 Mdaaedulu 1 seudgygnanini ualdnistionelunisviau
4, . . % . a 4 4
voa Tusunsy Funiueu lin1siianunais d1 noie Tuseu udrdadunannia ates
TRlszannn 1 Aadede 1 seudyananniini JER1diRedh b8 1 fdsdeseudyauuiin
° o 0'1 a ¥ L) n; [ ay J
s laoldfidadien sssua Wil wusevdagraunin Wy
o . 3 B A + N . 3 T
- MMUAYUIAYBA Instruction IRVVUIRTINIUDY (Fixed Instruction Length) 1103192
a Gt @ 3 o o d A' [ - :r < ] "
i hiiinshaundazddadiinddumelu 1 seudygrannfioldiu fmiveudesnuuy
L. o o o o [] el 3 -y P -
RISC fezanisitauuinvesdidedag Tldhvinasiornsull Falasundudrez15vuin 1
Word (eziivuia himiueu ndndinsewd Tag %29 11 CPU sy RISC sxilvuiaves word
» » 3 v
= 32 Bit) TagTu 1 Word vy flezfimuaynges19afida, Operation, 719284 Operand 9109 1A
, sz Diifuradnt (Result ) 13718 uaz drdadalognTnu
- s lumsdidaniseanusman s 19un toad ( Asdoyr ) uaz swore (1Rndoyn )
mniu amilaonssunuy RISC WY iHipseyiinisvan1inudidaag Asudussdeati
3 » v
. [ ] s o o 5 W & v
Operand 3171 131U Register Aoy naz Tuurnzdrdaiu Agnda'l3i 1 word Faft liiRaane
»
ADNSINUATIYY Operand /199 AatiuSalFnsdredmmialumsizonnusuny ua n1sidia
' o o - v Q4 o P v e % 1
mizsar s Niudsudisnategreannls 93insimualtidifisaes 2 Sdaniniu dens
load AT M store INDAA raffic TTMI1 MuIedszulana ez wuleaws1 dauarluns
: J L
load ¥3© store WU ATUBYAVYUIRYDY Operand
- 10158 19d N UDATI 4189 s 1z VY FUdeu Antusu deeldeae
A& © ] H o_ a v ' .
110 UIUNTT TN A WU RISC Wutzdiiaeg 2 uuu As uuwS19HIU Register
N » .
(Register Indirect) Uz Index TABNISH19HIU Register 1Y Register 921AUMIALMYATS nd2vi

L4 L3
MIBN AuMUNUgHI Register taz TuDD Index veifluntsdradwmisnindni funly

o

L3 »
Ardaniugng
- 14 Operation HiTu919 5350A17 uaz 3113hH Operation 1Bz 1@ 1F 50N 15 INNTREY

uazsw A msnonsvasszuun 1 feyidisedas

o o
2.5 pruaninvedlulnsnaninsames AVR 183 ATmega8-16PT
a’ﬂ'ﬂ o oo ¥ a :. & a =
- AVR wwefiisyinS nmganaz 1$idasud Satlvua 8 fia

¥
1 v

- fifrdagaiialzo mdailesnnlFoorilaons suuuy RISC MdaRugmaumnezldnm

04 Clock 1#g4 1 Cycle lumissitemu
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- Taon Tfii$mau Register 119U v1ra 32 x 8 TadiauIdedrudud

N d .-
- 1¥a215 21804 16 MIPS N0 16 MHz

- MRS HAzMIIBA I e sloya

- §} Flash Memory §1171i 8K Bytes A 31191401318 u Talsunsuseiinuassiilu
Rounazay 183 10,000 A¥e

- § EEPROM $11% 512 Bytes SR mnmudq1sidounnzan 1&g 100,000 ads

- 3 SRAM 147U 1 K Bytes Mo 1ua?

Hszvuinymrunlaeass mwrsodes lileuTdsunsulu flash memory uosdoya
1u EEPROM 14
- gilnsainolu A
= §} Timer/Counter 8 D@ §147u 2 &2 Wieu9ssMIAINT AeAnondasy uazldns
affouiionld 1 Tuua
- §i Timer/Counter 16 fim §1u9% 1 §IMToLALIHITAIMDABANONBHSE, 2905
niSoufounaz 1995 Capture Mode
- fsvsilgnd utodeoadaiaiaes 1un 1T Ui Real Time
- 117993 PWM $1U71 3 49
_ {1 ADC $1191 6 vesdyy I moludrsidedetunuy poip Fadarmmiuirluns
197 10 T $1491 6 Foamanaz 8 Tadimau 2 Feane
- fiinudwdyyim 2 mof 1 $ideuaemeusnfiduiuveynsudainiudeandeariy
AN UIU Byte
- mnsoTusunsudeyanuueyns Ly USART
- W3 9AMUA MasterSlave Tun13iFaudedeyniuueynsumuy SpI
- fimmamnsolunis Tilsunsulfasr9as19eyaves Timer §roo0aFaminesfinoniu
moludrFn
_fhuamBsufoudeynfiiuerfonmoludidn
- gueantaneunoiva TuiasaeuInsamesd
- aunsesimanede oo I 1F uazansedisuldsunsuliasi9§u Brown-out 14
- s adSundeDs RC spagammasninluld
-m

w
W30V Interrupt TANINIBUBNUAZ DB
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41 Tvua Sleep $1uu 5 Tvua: lugauad, aansudya usuniueniees ADC, sznda
wivseu, Wndsandiin: TnuamSounfenfiozvien
- BunaneMinanaznsuve
- ewse IlsunsuimualdifluBunaneninaldta 23 duma
- fi§muy 28 widel¥aadauny PoIP
- nsamu IR Fiunsshan
- 2.7-5.5V MU ATmega8L
- 4.5-5.5V @ MM37U ATinega8
a1 lumsiam
- 0-8 MHz d M35y ATmegaBL
- 0-4 MHz d sy ATmega8
« 15 19F 8 99uR 4 MHz, 3V, 25°C
- 1%nszue i luanzudadiol@ 3.6 ma
- ‘luﬁnn:Qﬁijﬂﬁ‘l%’ﬁ“ 1.0mA
“luannzidsualdn os zA
2.6 MPNVMBRUANTAVBING AR
ndi HndnudainluTasseuTnsamesmsudenldiauin 28 idmdaznaesil

sy ar A =1 s o 1
quantiaan fu 'l susraunsodenlFnuldamanudeinis Tavfinsdauidsgfi 2.6

PDIP
NF
{(RESETIFCS 071 2201 PES IADSESEL)
(RXD: PDO O3 2 27 O PC4 {ADC4SDA}
(TXDI P01 3 28 O PC3ADC3)
(NTO; PD2 O 4 22 PC2{ADCH
(INT1; P35 24 [ PC1 {ADC1)
{XCKTC; PDd O & 22 D PCO ADCO)
vCC 7 22 P 3ND
GND 2 21 FJ AREF
(XTALUTOSC1IPB6 ] 5 2C [ AVCS
{XTAL2TOSC2) P57 [ 19 15 3 PB5 {STK;
THPDS O M 13 {3 PB4 (MISO)
{AING; FD6 O 12 17 3 PB3 (MOSIOC)
{AIN1}PD7 [ 13 18 [ PB2 (S5:0C18)
ACP1PB0 [ 14 15 [0 P81 {OC1A}

71l 2.6 17@aN13§AT VDI AVR 185 ATmepa8-16PI
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2.6.1 mydavivasluinsneulnsamad AVR 1184 ATmegas-16P}
vivedluInsaeuInsames AVR Sanwaunsolumsdelfaufuandraduludalg
R wedFuvilFssa Tl
- vee Wdmivae idssves lnlnsnen Insames
- 41 GND 1Thiwns 14 dmfudedunsndvesssuu
- v RESET 18lumsiamnisinmvesluTasaouInsanes Taslunisfloudgyanu
desirmiu 0 1¥Fyynfiiastngudinzdenunedtendady g wadnina
phevesadinoanelunsadiesdyaGom 18 e lulidygm Clock wafiay
- 11 RXD ihuvnigunyndmsunaiaeynsy
- w1 TXD v e mundmiunesasynsu
-1 INTO iilufudganudumeiinininnieuen
-1 INT1 i ufuanudumes s ninaiouen
- 1 XCK/TO iundmiuiudna i Clock 91nn10uen® 1My Timer/Counter 0
~v1 T1 Aluvdmiusudyaw Clock :1n010ueN@ M3 Timer/Counter |
- 91 XTALI/TOSC! 118 UnAve1 Inverting Oscillator Amplifier # M35 udyRIM
Clock 91nn10usn naziludunadmiunisfiiauves Clock miolu (n sENI 1AL
a3naen’l3) wiess 19dyan Clock molugalulnsaeuInsamesiig (ns@fie 1018
ADAITADN)
- 91 XTALI1 nﬂuwmﬁﬂmm Inverting Oscillaior Amplificr ﬁcl‘g Clock V1nN1WBANTE
nslufld
- 1 AINO gal#iTudunavesdm3y Analog Comparator
- 41 AINI gnlfifludunavesdmin Analog Comparator
-1 1cp 1iTuBunadmiuds Timer/Counter] iftusdididaiy Huitmaed
-1 0C1A hidy I Timer/Counter] MF1US suoufuFygImIB I 32 A
_ %1 SS/OCIB 11 8 (Slave Select) iThinidonnisdasehunsiid lunsaeuinsmoed
dugnsel madlussuums@ndeuuu SP1 aauv1 0C1B iudggIu Timer/Counter)
FFuSoudfouiudggsmenina ¥a 8
- 97 MOST/OC2 ¥1 MOSI {(Master data output, Slave data input) 1Flunsandaiunein
sP1 dauw1 02 i n Timer/Counter2 #1515 sufoufudyanuening

- 97 MISQO (Master data input, Slave data output) 1 un1s@ndefunain SpI
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- 41 SCK (Master clock output) iundansuninivesmsaaaefunasn S
- avee llundlddmivae desdmiuluns1$ AD Converter $41 ADCO B4
ADC3 9% ADCAinzADCS v 14 1Mi@sa9n vee
- AREF 1funii13deussdusredevesdygrueuden dmiuiunsidan am
Converter
- ADC sffu s olfsnuiiu A/D Converter 345@auA ADCO §3 ADCS
2.6.2 Tnssahaazmshinuveanednlulnsnewlnsamed AVR
nosnanq Allunisdadeyonefudeymin vziieg 3 nemdrofude woin b,
nen C nazwedm D F91deTouTaodanldail
-noin B (PBO - PB7) 1funeia 8 famusaTusunsuldudazdaveanasmiiusuna
nieednailduondaszlundaziia udaznvemesaamnsotionszumeenlulii

gunswmeouen (source) n3osunszumdruiniglu (sink) 1ge Selunesn B 1uzil

=

/O Memory Address 84 3 #afigneaass 1 Tiud

- Port B Data Register - PORTB

- Port B Data Dircction Register — DDRB

- Port B Input Pins Address — PINB

Port B Input Pins address (PTNB) i Register; Address ‘f:ﬁ]ﬂﬁflﬂ‘li Access AR q
# Port B lijeiin561u PORTB Yoyafl Port B 9zAsInMzYeImsem ieilmseud PINB

»
HADUZUBIMIFHINIUAN 9 Aall

DDBn | PORTBn | 1/O Pull-up { Comment

0 0 Input | No Tri-state (high-Z)

0 i Input | Yes PBn will source current if ext. pulled low
1 0 Output | No Push-pull Zero Gutput

1 1 Quiput | No Push-pull One Output

f15192.2 i’m'lu8l!ﬂﬁﬂﬂ1iﬁ1ﬂ1uﬂ0~iﬂ8{?‘i B
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(

— NP
b= L~ k4
= e
X RRND POATE PN
B FEAE DA
x o
Sl Gt $EnG

51 2.7 Tassadranisvinunisluvesnein s
we3M C (PCO- PC6) 1iunesa 7 Tamuse Tsunsuludnziaveswesaiuduya

wiooanan ldusndasz lunsdnzia udazvivemesamunsadienszuaesn T 1d iy

aulnsafniouen (source) M33unsumInNINIIY (sink) 18ga Fslunmedn ¢ Fuezi

/O Memory Address 89 3 @afigniaass13lhiude

- Port C Data Register - PORTC

- Port C Data Direction Register —- DDRC

- Port C Input Pins Address — PINC

Port C Input Pins address (PINC) i) Register; Address ‘ﬁ Walitiings Access A4 9
# Port C pin. tifeiin13611 PORTCHoynf Port C 92AIa1u2¥9R138 Y tiefinsemfAPING

o
2D IUSVYBINITNITUAN ] Adl
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DDCn | PORTCn | YO Puli-up | Comment

0 0 Input | No Tri-state (high-7)

0 1 Input | Yes PCn will source current if cxt. putled low
1 0 Output | No Push-pull Zero Qutput

1 1 Output | No Push-puil Ore Qutput

#1519 2.3 f"l'ﬂ1u$llﬁﬂ\1ﬂ1iﬁ1\ﬂﬂﬂﬁl~iﬂ8{1‘! C

RBESET

&0

FEEiI'i.TI

Il-‘l?n} : 4 ¢ B oole
oo

DATABUS

/

[

HPPEE

L PORTZLatTH
Pl POET SR
HEAL D

L HE 51

=

51 2.8 TasaadunishamumeTuvesnesy c

-WB3N D (PDO - PD7) 1luweia 8 iaawisalilsunsul¥udnzdavesnesailuduna
viaanan 1duondasslundasiie udasuvesmesaamisedionszurasn 1ulviiy
ginsain1euen (source) M3 5unszuminInIoTU (sink) 14gq Felumesy B fused
1/O Memory Address Eigl: 3 ﬁ?‘ﬁﬂﬂiﬂﬁi s Wtiude
- Port D Data Register ~ PORTD
- Port D Data Direction Register « DDRD
- Port D Input Pins Address — PIND

3 :I' =) r ¥
Port D Input Pins address (PIND) "hifi Register; Address U WAatifins Access f1d13 |
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1 Port D 1i18{in158 U PORTD Foyad Port B 92AIADIULYDINS U IBIN58 14T PIND
E
3

- w o
ﬂﬁ'l“:ﬂlﬂ@ﬂ'liﬂ'li'lllﬁh@ q Al

DDDn | PORTDn | VO | Pull-up | Comment

0 0 Input | No Tri-state Chigh-Z)

0 1 Input | Yes PDn will source current if ext. pulled low
1 0 Output | No Push-putl Zero Output

1 1 Output | No Push-pull One Output

A5 2.4 A0TUTUARINFTINITUVBIND TN D

]
5

ik

£ sty
RS

frp. KGR FEOCET BATA
ekl MR FEORERTE BisRiE

51 2.9 Tassadunsiumeluveswein b
2.7 HHIBANUS WATYAR I

& v o = o W o ] v e o ar A &
‘lf\lﬂ‘ll'.]ﬂﬁ']'lnil'l‘flzllﬂ'l‘iﬂﬁﬁi51Hﬂﬂﬂ?“ﬂ1\lﬂi}83‘iﬂﬁlﬁﬂiﬁ\?ﬁ'l‘i'lﬁ“ 2.5 ‘Bq‘lﬁ’llﬁﬂi

* »
ANINUIYBIUBAIATATIAIABT A199A10 A3UTARITNTUAI0UIN1YY Assembler VB4
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Instruction Mnemonic

m- u.r.-Mm” r|e WL... mrmm si3 . L L mfme-a
A EHLEEREL 8 mrm_,m o i (g gl m_
g [sls| 8| |- B | B3E o | (E m_m m‘
j [[8 B Mm_mr wwmww m__ i mw 4m
” «_f 1lele ._ ; mum*
e M
il ,__m_m . mm_m_w_tx HETREE ; : mm ﬁmm
i .% LK m_ :E JERRES bt w
-l (el | - fis T : i
qRRLRCHEERIEEE 1HE ANRRLRL : 1
(e %m_mm__m s m_m_:lm_m mM
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Adiram Mome [} -e s -mae m3 -z | 1] -me Page
O 02y TWwIR i rd ) TS Twms Ty - TWPSt TWFID 108
Oul {Eucn) TWES Tt dive Supted imburfoce B Rte Rigietee 187

A3 2.5 LAAIBAIAT S SaNABT(AD)

| ADD R, R A0 e Riuaus RIc Ra+m ZCNVH 4
[ aDC__ Pty 24 s Cary b Fgitrs M< RS ReG ZEMY N 3
ADW RAR Adts immetivi b Word RivRull + Rivchidi+ K 2LNV,8 2
sus W, A Sobivun e Nagivters Rl < R -Ar ZONVH 1
- R K Sbburt Congant b Ragioter R« Fui-X ZCHVH 1
_Es [, ] “ﬂgﬁﬂ e F-M-C l,g,!l,v.il 1
ey ., K bt wih Constemt e Ay Rlc A-K-C ZEMYA +
aw Subdenct nvmaslints frum Wend Rochl « RRE-K [T 2
AND R, R wmﬁ i« Ay Iy 1
AR X ] ol Comvint Rd« Rde kK ZMY 1
o|m Rl & Ligioill OR RGNS R RavRE ZNY hJ
oA AL [ ol Comninat Aty mev NV 1
ECR AR Exulomive OR Rucisises P! RO ZMV []
oo ] | Cme's Cotephmant Re< 0¥ - R ZEuY 0
NEG L] Tuar's Complnmamt Pl + Qa0 - Red MV H b
] X ot o) g XT3 2Ny 1
. tor ™ oo 8ie) i B M o G K) Zny 1
| mC L] Inchuennt R Fs1 ¥ [
OEC [ Liwcrpetent B¢ Ad-1 Iy 1
L TET ] Tt fur Zuet cor ilboms Ri¢ RiteRd ZNY k)
&R~ Ry i 'ﬁi@"" Rl i R4SRY IRy - Kl
[2en ] St oyt Loy Mesg .
7y ~ Mty Unetgmast RIAG 4 Al Rr zZc 2
MALA Al W | Mty Syt RIMG: Mz Rr < 2
LA | Fot, Ar - - RO o« Rdx fa 2C 2
[ax ) Frinant ity Upea FIRR e ) << 26 2
s B P Sunat Muply Sgosn RIM « s Ay €€ z¢ z
T YT I U SO 7=~ = = I T YW 7T 1L F1
BRASCH RSTRIETIONE
AP X Tulabm Jump PCe PCok +1 MNowe 2
| L Sivuct Sy 10 (7 PCt 2 Norm 2
| P % ot oy et Nore 3
RCALL ) Ralative Sulnpulive Calt PCEPCHE+1 Norm. 3
ICALL Jediecct Cull ¥o () <z ) ]
CALEL ] Dirosl Subrwiing Calt PGeh ) 4
RET Snoncuing At PG «_STACK = D
= Fatun PC + STACK ' .
[ iy Compere, S ¥ Eguel I =~R)TCc PCr203 ) 31213
c [ run | Compes [ Zwven |
[ Refe Compare wih Canry M-R-C ZNVEH 1
o [ wilh inwdints - ZNVLH 1
SIRC b Siip 790 & fagister Chuesnsd ¥ PCrPCsterd Node 11373
orcy LA Juip § 58 bs Regionwr = Sl L O L T ) Momg 1ixiy
4 [ Sty K50 b W) Pupinier Cluared FPIOYPCc PC+2ard N 34313
S [A) S #f B fa V) Rasplair by St PP PC —PCe2m 3 oy 11213
i nk Swurssh If Sinkwe Flng Set v = 1) it PG¢ PGak + 1 _hone 112
3 »k Svanch ¥ Swiws Flng Clwmdt ¥ (SREQkw} = O} Wne PCo-PCok + 1 Nesar— [¥F
| BRED [ Roamets ¥ Egugl U= )SeuPCt PCoksy Nons 12
BRME |3 Bopc # 0ut Equnt =0t PC o+ PC 4k +1 L) 12
& Bk § Curey Sut IS wmPC: PCoR+Y Ny 112
BRCLC ® Sepmarss i Courey Couumped HC O PCo-PCE2 | Mema 32
BRI 3 Byt #f Biug oy Highaw o0 PCc PCHk+ Mo /%
(oo x =T H{CS 1 ows PG PC oK1 [ 113
[ ] x Svmth If Mty N ypmn PC¢ PCES ¢ Hose 112
| BaR [ Snch 8 Py N B FC ¢ FCok+T Moy [T
& St § Gunten or Equtl, Sgued TMO VS BuaPCc PCoR+ T Moy 112
[y & Bunohs I Lann Thih Zasn, Stgnd IO V=) BuepCe PCou 4 Neng 13
i) x gt I Hult Cosry Flng Set Fie 1O PO POoR+1 None 142
BRHC [ Buanch i Halt Cawy Fing Chuiind MDA PC: PCoRtY More 152
SRTS [ Sywch K'Y Flag Set BT )BmPC: PC+k +1 Nore 12
 SRTC x Evuich i ¥ Fag Cousved T ehtu PC+ PCoE+ Y Mare 112
[y x Summe s 3 Omarteww Flug b St S{V= 1)t Py PCHE+1 Pty 12
BRVC x Pomch § Ovanfipw Pty b Cloared SVC O MemPC: PCoks 1 o 112

A1319 2.6 UEAIYARTY Instruction Mnemonic
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_m__
Neusenics Deacrighen Opecation Fage $Cocin
BRE Bvanch  otaarwyt Egbing {15 1) et PG« PGoks 1 Noss 1/2
D) Dgech i emg Dutivd EzoemiC PCatsd T
BATA TRANIFER MSTAUCTIONS

WO owe Detwess Faginium Rdt Ar Noms 1
MOYW Wot RN ¢« RS Nome 1
LY Lisid itmwilindy L X9 ) 1
LD Lol iafiect Re< £ Mona 1
| LD Lowd Inivut st Pl ng. Rl POX¢ Xe1 ) 2
[T Lome bndimect i Prs-Duc. Ne X-1,Me ) Nose 2
T Lomd Soufuct Rid () Howh 2
Lo Load) bnivact weg Post-iec. Agc (rLYec ¥41 Mons 2
w Lot indbut ! Pre-Dar Y ¥-LRde () N T
Lo Lons et wilh Dbspleceeet R (Ve O 2
[1:] Lomdl vt w4 L) 2
1] Lovad nafbunst ol Pout-in R B2 201 [ ]
D Lowd it Pro Ouc. 2eZ-1Ree @) tons 2
[ Luvwd ndioec with Dingh Rls (249 Neaw 2
] Lowd Divact frem SRAM A i) [ 1
ST ave bnivect ¢ Ar Now 2
L] Stre ndiec aed Prsoc PO+ R X X141 Moo 2
[ Sove miivect aed Pos-Dac. Ne X-1,004 Ay Homs 2
st Sors et ek tora 2
ST Shirs Iaieite tad Poaine. [UI AT XS Noni 2
] S butuct aad Pov-Dec YeY:iMmen ) 2
am Sers et wih Oirincamet [RTI) Nom 2
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hdEmsadinmdavinvesiag Taohidesd niethnie mifsnmsadnmaavanei

ABUNAADS IMTUNSIMA (Computer tomography)
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33 msiulu 3 HAGD Vision)
J ¥ g o -ad ﬁ = W oY as oA
Tupniimeznadenmsiiulu 3 Haguilunsasdsynmuiidesnannin 2 4a i
magravaslsearsfivhdmsiiulu 3 {id Taelddeyanumdunas 2 Gatinawein mann
awnanldun
> o et o w = N
-szuunImveIndesnnza1vesuyrdinds Tusiiasunvuime miilnfiw(Perspective
L. & o g wa a » Ay o &£
Projectiony¥uin Idiimsgandodoyasdrann yagafieglunuaduiisnoingannai
& o -5 f = |- of =
veams TlsdadutegaluningnTsiSaasuugadordu asuiuly 3 Haduvuaums
a & = o =% " J o
sounduFuilumsmiia 3 iavindoyanialdarnnm lunsudilgmiimsuiludes
Tideyainmay
ar o 1 oy = = = Q =
-anudmuisznannmlu 2 fanazisnindalu 3 Avesganassndessnulunind
. Py ; Y 5
anuFudeunn vstiilesninmnnuduvesinyadununistmesmsazfouumaves
A3 N5 19AU8 IR TUANIZA MMM AINANATENT Aumisveddauna
- puifaiuvesiaglunindumsmuarugaoinvesnisueaiulunmlu 3 dia
¥ &
- msUsingaguesuasd Tumm
33.1 msulasvnndinvesingly 3 A (Geometric Transformation in 3D)

oA & ¥ a

- hoed s ao é T o v Aﬂé =3
asndassvirmadmiviaglu 2 idesimiaeglusly) Fiandunng 3 dagdinda

b

aglugiliey,2) Faeznaniunmzaniianei
3.3.1.1 mundeudiu(Transiation)
auy@EinsdeInsiogaiiiniac.y,z) Wfge lnifiscozndoud (tot,,t)

u=x+t,

v=yH,

wW=Zz+, (3.9)

Taohi(uv,w)fenna Imivesga aunsne.9) munsmdioulufinalalunitloa 1&dy

(3.10)

- 3 e =
=
OO = O
O -0 o
-~
— N e X
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3.3.1.2 M1sdeuenolu 3 §A (Scaling)
nsdeunnalu 3 Ganiinadiees s 8 uns S, Aisiuniny xy nazzannsaivauluzy

s ad 1A

u s, 0 0 Ofx
0 0 0
e > Y (3.11)
w 0 0 5, 0z
1 0 0 0 1|1

3.3.1.3 n15M3u 1w 3 3ifl (Rotation)

msnyulu 3 Hacwsomisliy 3 sfiaiufonyusounnu x 1nu y nazunu z
wwRnIfunsal 2 §a Tunsyuiagseugalaq mﬁaw’nmiﬁ'wsgmfumﬁqﬂf‘hxﬁmﬁﬂﬁau
mm’fuﬁwmmqu nouszduiagnduiifu

Y

{
by

2

o

31 3.3 upuiia 3 HauaznsnyugAToLUAUANA yuYBINTNYUTaa T uIRn ulone
NABAUGYAitiia

oS . .. e, . aad T - o & .. . - - .
NS Ui 3 Banuaaslugld 1| amiaddmsunisuyusouuni z unudae

cosf@ -—-sind 0 O
N sin@ cosd 0 O (312)
R - -
e 0 0 1 O
0 1

0 0
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o [- ] - - - o_ &
yuusansnyuiannvsuRn iienes iAgasduilaninunu +z Asuyuseuunu x

Aoyu @ AuNsoUNUA oINS ng '
1 0 0o 0
{0 cosa sma O
Ra |0 —sina cosa O 313
0 0 0 1
AAMBNISHYUTBUNNY y R0y B aWISOUNUAIBINNI NG
cosf 0 -sinf 0
0 1 0 0
Rﬁ - sinff 0 cos¢g O (319
0 0 0 1

Aot uAsi 2 1A wnTagnisudanusvindalu 3 6@ annsoguiuiesiumsas

o o o [ = s ) S
uaznisudasdoundungaiionludnuusi@eriunit 2 4A

() (d)
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(e) O

31 3.4 namsdreannisuiaasvindiavesiaglu 3 §a 31 a)danAn; bmsiedag; cnisde
V010 3an; HNITNYUTOLUNUX; )MINYUITBULNUY; HNITHYUIDLNNUZ .
33.2 nwndindnTunisiiuly 3 3R (Geometry for 3D Vision)
33.2.1 %ugm'uaami'iilm'i'ﬂ%'mmnmami’lnﬁﬂumné’aa (Basis of Perspective Camera)

nn 2 iadulng lAurinnisuesiag 3 dduaudvesmnioiaudveindes
viumsiAamwausagni1nea 18 Taon 1314 Perspective Transformation 3141 3.5 naAg
NUU$1a999199 VBITZULAS AN I MULANTEVYTRAlan (World Coordinate System)
#2085 IMai(X,Y,2) uazunuszuuRNAYeINdnId 100 nysAaan (x,y,2) 51auydifina
yoaTandeuiuiuszyufinavendes umnindanglu 3 iddesdmguivenislusiindu
udaTilnieacuunm Ifya (x y.2) iImugaifaueeiag 3 {@ I (xy) unugatinauesiag
Tuszuuvesms mauyddszuinvesnmeg £413msuvesgadiiiavennandes

Taod funuanuo) Idiavesaud Taons 1¥emmaouaiiog ez 1d

.= % (3.15)
zJ

y.= Ws (3.16)
z.f

» »
G o =

AnTuganTsin (x,y) fiaamdviufuuy hitludududugevesing (x,y,2) Anuduiut

»
fimnsoveaniuldindus11$szuunnaisTusitioe
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plane Scene point

31l 3.5 nuusiavsvesszuuadian N

X

5
v=1Ys
Z

(3.17)

I

o A o or a o' = A —~ =}
Hunmaeifilszneudsyanitavesing named luszuuleTudiiisa ¥ vesv fie

s (3.18)

Hmas lusZUUNRGS Cartesian v dnsn 180 nnmaes IuszuvlsTudSiloaldlaon1sms
UMINFONT NAANTART

) o o . .
WOWTUUUNTATUDY Perspective Transformation

f 000
P=10 f 0 O (3.19)
0 01 0
Wnsgannmes
v (3.20)

W= pv
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iy

5,
w=|fy, (3.21)

zS

° '3 o - H A [~ = oar o n‘:
smsuesue Tadandasiawifiu 1 iendauiudames luszuufsa Cartesian §317u

w=| °* (3.22)

AUNANADITINFANINUDY w ABAARBINURAAYBINTHA 1A IUauN13(3.15) 1AZ(3.16)
3.3.22 mandasemmhaanumnilufina
: v o as = o  a ' = -
duaeude hldenmiAiavesyangnlsfadu x,y,H Tumirovesfinen dvualy
o [ o ~ 'd. 4 -3 E‘
Hinnvesnmiigan uliaegnuadsvesnmaauaailuzii 3.6 amsnlnsninaaweraniu
wmnsas 1§ ulludesdsinislfumnn (Aspect Ratio) 10auADZUAUYBITTVYRARAN AN
o e ° - v & ' P
dwanadluafiszyswuiingedenilamizoanuon lussvunmutsssuvfinaly
ar - 4 o . v ' -~ o -
paafaTlendimsigesiu suiludesamisanimisdiiaesveanisifiou (Skew parameter)
d'w I3 9 o - - . = : =t v s&
uanmnuamni‘luﬁmﬁﬁwan (Principal Point) U;=(x,y, )M 70119AIIPNITONINIANINN WU
Ameevumsliy Taoh x AsmsdSuanaludianiay oz s imumisriiigesvaanms
_t ] . o J o &sow
mou 151euuziiteundes (Camera Calibration Procedure) 1Husadaszuitunudevdnsy
SEUNIN
£ qr o as o
NHAY0IYA (x,y,D M IR0 nanudunus
X = kXtsyx,
X
=k fo= ﬂf&
r4 F4

5 5

+x, (3.33)
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' y.. y » Image point
pix iy )
>
Yo Image|center x
0 fP"*

31 3.6 ANAVBINM

Yo = K ¥ Y,

- kyf{; Y, (3.34)

mannsosglugtueasmIng i

u' a

x

v {=| 0
0

u, 0
v, O
1 0

(3.35)

oR «

ek

3 ’ A * ar <y T el é L]
Taoh o=k x SufusmmenmIddalufis x lumbovedfinwanar o =kx Juilud

anuen Iddalunians y lumiievestings s1aunsndou

a, s wu, 0 a, s u, 1 0 0 0O
0 a, v, 0]=|0 a, v |0 1 0 o|=k|5]0] (3.36)
0 0 1 0 (0 0 1J0 010

= o o - .. R - 4 '
nnsng K danwmziumumiondauu (Upper Triangle) Yu1m3 % 3 N¥971
. . = % o o . . H Qs
Calibration Matrix (Jumm3ndisenaumisiliwesnielu  (Intrinsic Parameter) Ad 19 Ryues
ndse
3.3.2.3 nsain nnavealanlideunuiunnavendas
5 = S W a W Wt ¥ o a 4t o
urusrassnsinan i Idetureluiidenouniindsauudguiit egudnalaves
o o o oar = .
sunsnmiugequinmufortuve sseuunnadisdausslan (World Reference Coordinate
o 44 ¥ o = F w @ e e -
System) Nailifis IMifasuazaanlunt Jnsed luddeilisnendndwuvdiassnisiia

:; oy - o ¥
amoinndsei lillauuAgndndn
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s d - 1 v o oas
31 3.7 2) nanindesdidnnseiindlusesdnafifaveslan (World Coordinate Space)
g L d 3 T s 3
ndesiigndalagidandes (Gimbal) Na1LITONYUA 1D (Pan) Ry B fusuIUGU
. =t . L - o o =5 v oo
(Horizontal) naziped (Tily) v‘huu a NUHUIAY i]ﬂmﬂmm’mﬂnﬁmagnwmﬂﬁ X5 YsoZy)
= w = w o & o i £ d o
MouRuszuufinadredsreslan gansnainiigandeanazgaianaisveans Tusiiasuves
LI o ot =y gf - O A
sTUUNMBgHIAUAI05TOE (X,Y,Z) 31 3.7 buaasszauniaTanuazssuuAniandesh
Tugausunu
= & d o ] & o oas =
n3diganann19vednts 1lsiiaduvendeignaie 1 ingananavesssuuiinadedves

L ¥ - -] o as = 4 o «F
Tan hifimsdwonTodomimuiunnudiebs gananarsvessiigandeduazves

I IMAGE
PLANE
CENTER
Y1
GIMBAL
CENTER o
Xe
—
Z,
a)
Y &
z
Z
(xs,\x&z,)
M
X, Y, Z) o X

b}

31 3.7 a) LUV 1BIMFINANINAINAABA b) 1ITVIANALBINITINANIN
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ITUMNOGRASITU HUUFIABINTINAN A (Imaging Model) Tuszuudidals Tuditioa

Vude
w=MV (3.37)

TaeHh ¥ 8o nawesvesgauuiaglussuunialaluliion & Aenmasivesgavuszuw
amluszuunnalaTuSiion une M AeM3InFues Perspective Transformation Tunsdiil
suseeImsan menadosa e Wi Tasmantaouunlas (Modify) mun1s#t (3.37)

nsh (Wadandes) nﬁ'aw(jf';ﬁﬁ'ﬁ Ko YorZo) Houfussuufisaesveslangaiu
nupdraesInufe

W= MT,% , (3.38)
Tao#
1 00 -Xg
I - 010 -, (339
001 -Z,
0 0 0 1

N3 010% 3818049 (Pan and Tilt wunsagndines lasldgudronmSndnisnyu
# = MRT, ¥ (3.40)
lashi R=R, R,

[cosf 0 =sinf O]
0 1 0 0
Ry=| (3.41)
sinff 0 cosff O
|0 0 0 1
Hox
1 0 0 0]
R, = 0 co-sa sine 0 (3.42)
0 —-sma cosa 0O
0 0 0 1]

¥ & o 2 & d o
ﬂ1ﬂf{ﬂi}ﬁﬂ\iﬂﬁ1\3'ﬂaﬂﬂ'JUﬂﬂgﬂ\'l!lﬁz'i}ﬁfNﬂﬂ'l\'ﬁ]ﬂﬂﬂﬁ'l\ﬁ]ﬂﬂﬂ?'iT‘l.“i“lﬂ‘l'l-l‘llﬂﬁi31-!1‘1]

k4
fmegH A URIoIZoz(X,, Y, Z A nlunyuiinesveamsiianmuinndesie

W= MT.RT,% (3.43)
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Taofi
]
100 X,
01 0 -%
T. = 0 3.44
“lo o1 -2 G449
0 0 0 1
aums(3.43)emnsndiouInad iy
r xs
“ R -T
v/ =K[[3|03{ T % (3.45)
wl 03 ] z:

1
P a oa o oo
Tﬂtﬁfl R amummﬂmmﬂunannmmmsﬁwswuwﬂﬁ (9H1A 3x3 YBITTUUNNATITURAT)

o o o ' 4 =
uaz T ll“ulﬁﬂ!ﬁﬂ‘iﬁl‘ﬂuﬂﬂi?Nﬂﬂﬁﬂ'ﬁﬁ'lﬂi:'lﬂlﬂﬂﬂ (v1a3x1) li'lﬂﬂ'l??']lll‘l’liﬂ"'&’

R -T (.46
ol 1 46)

dhunmindisamemsifimesn1sven (Exvinsic Parameter) vosvuaun1sUiufaundoes
s edeumuns (3.45) Tuglide iy
x=MX (3.47)
Taoft M = [KR|- KRT) (3.48)
uaz M Jvum 3x 4
3.4 m3aSumeunaes (Camera Calibration)
mstfufoundeuiiunsmlszmnunming M eingalunin 3 SARE WLz N
ﬁ!ﬁﬁ'ﬁu’l}ﬂﬂi}ﬂ antiusiinsnms e nolunazmis e s nrsueniorswans
Usuion Tagldndosdnmns
Tumswmmind Misvimemealuninfis mida x= [x, y,zf vazgalunm2

Y-

a P a o &
anweandeiu [u,v] drevz 1aumsfiegluglaunis (3.47) Asil

x
au m, m,; m; my,
y
avi={m, m, m, m, (3.49)
z
o My Py My MWy, i
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ou mx+ m,y+ mn,z+ m,
av |={mux+ muyy+ muz+ m,, (3.50)
a myx+ myuy+ myz+ my,

Winsuesuealasidau®nn 3 du 1 5192 18auns
u(m31x+m32y+m33z +m,,) =m,x+m,y+m,z+m,
vimy x+my,y+myuz+m,)= mx+m,y+m.z+m,
(3.51)
Aatuwiswz ez IdaumsiFadu 2 aundmiugalunin 3 Hanisgauazgalunin 24ia

nreandsaiu Minssuaums3.s)lmilugdveuunsadldidy

m,
x y z1 0 00 0 ~ux —uy -uz —uiim,
0 000 x y z 1 —-w —-w —-vz —v||, =0 (3.52)
i - J LM ]

31 3.8 nmvasmsamnngamiw s lumsilfumeundes
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ity igndsfihinswa 11 #uds unudiszdu 12 Sudsidesnuinmed
msodmoren lrunsonswm1g lunmndauns TeTudiilomsdesidesraten 6 va &l
1171 6 A9z 1K TUAS Over-determined Faamsoud I8 Tao3E Least Square w3oldn13m
Singular Value Decomposition (SVD) $84 A ¥8am3ng M 1Remuargatoves v dis 18am
3nd M uRavuneude Thmsuonmniassmelu (Intrinsic Parameter) (584970

M = [KR|- KRT]=[4]p] (3.53)

dnfunmindtes 3x3 umudao A namesasdmivndegaunudae b Game i
winiliwe fizozinfoufiaunsononeemnldlasiwlag 1 = -4~ bidamed : Wdeyad
vONHIAMMIIN1Na 19903 Image Plane

simiufinnsan A=kr Taof K funmindaunmionuy (Upper Triangle) 1azumIne
R flwumindeslsnousa nsuonuming K uaz R annsoi11dlasldimaiin Qr
Decomposition M5 UWNT NS
3.5 MsMinG 3 diAvesgaluminiasl¥ndes 2 &2

luhdeiliniarainismfisa 3 fidveasaluninlaoldndes 2 #1 Tasiindosisaes
arnuvuunsdiumoundes 11411‘1]‘Jllﬂ11i‘l];‘ljlﬁm]!‘i11#ﬂ5€l§1§@ﬁﬂﬁﬁ1ﬂﬂ1ﬂ’3’ﬁtﬂuﬂ'Iﬂ 3
fafismawAte FermBuainanngnfis mavnavewsoza1s e naaedezii 3
mm“:"uﬁ'mnmﬁﬁ'mmigﬁﬁ'mmms1a"lunﬁawfmm Waun1sfi 3.52 Mnsdaumam
$N9YB4 Perspective Transformation M ¥89n&83% 1 1oz 2 15U M unz M’ a1ud 16y 130y
HAAZUNIVOWMINS M A0 m” m] m] vissfudmsundesdiaes sumusosinives
wmsnd M’ &0 m” m ml

dmiundead 115118

x
u m,
y T
u=\v m, my, m, m, . =MX =|{m, |x (3.54)
T
my My my; my, 1 m,

o —
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MussdgIfudmsunded 215114

'T

Il' m]
w'={v |=MX={m] |X (3.55)
’ T
w m,

Taoh u uag o’ unuinalunmeesianlundes 1 saz 2 awddulunmsidasmnan la
J o LY} v - o . .
N3 WM 1M mdadauszv 19 un0 2 1unn3ng Perspective Transformation M

wviw=ml X ml X :ml X

. . — T . T, T
'V w=m'X . m mX (3.56)
aannus daunsdmiundes 1 uaz 2
uml X = viii] X u'm X =vmT™X
umy X =vm] X um] X =vm" X
um] X = vml X um] X =vm]X (3.57)
a5 (3.56) ausaiou1didy
B T T
um, —vm,
un; —wm, |X=0 (3.58)
T T
|vm;  —wm,
unz
B T t T
u'm; —v m,
um’ —-wm] |[X=0 (3.59)
vrm;T _ w-m;f

MINTGUUDMTNVDIAUNS (3.58) A28 w ueafaeadio -v nd»imsuan 511é
(uwm; —vwm] —uvm] +vwm )X = (uwm] —uvm] )X =0 (3.60)

» + v »
U UM (3.60) UAMAVIIA Linearly Dependent AUMAINAINUBIANNTH (3.58) AU

3 P= 1 o d’
uaazndouslFidines 2 aumsdsil

T T
vm3 - sz

um;' - WmlT
=() (3.61)
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um’ —wm] |
ez |, 20" x=0 (3.62)
v ms =W mz
= L] o c!’
Wouaums (3.61) uaz (3.62) Insi'lddaid
um, —wm]
vm!  —~wm!
. X =4X=0 (3.63)
ul  —w'm
vii —-w'm]

snsudaunmsTaTuSitisraunis (3.63) dmsunia 3 14 X Tamsraulomwizdiaey
15210 Non-Trivial M38n38 det(A)=0
dmiunsdivesnislgndes 3 ndeandeuinnins 1daun1s ludnuuziRoIdy 1gudus

19¥ndies 3 drdaaasiugdi 3.9 1571 &auns

Cu'ml  —w'm’
vm —w'm]
w T n =T
T |=x=ax=0 (3.64)
v'm}T  —w'm]
u"m]T  —w'm”
VT —wm]T




A1mina 3D Tuuning X w118 Taon15%1 Sinpular Value Decomposition (SVD) 484 A

N3N X Raunganioves v
A »
3.6 NINAMNNABI D (Stereo Imaging)

msiianmmans Terunsadunmuesiageadudiondos 2 A1219egdeiu ami
¥
TaomnndesisassannsminnlFlumsninisa 3 idvesdag 14 finrsawvudiaesninia
- & . 4 g ,
nmae3 Telugin 3.10 szezszringaninaave yauTuendemaaeasuSon il Baseline
@ oo & o o o
B I-WBINITHINAA (X,Y,Z) U848 w IT§ANIN (x,y,) 10T (x,y,) 15 1T0UATINAD N0
L4 ] E 4 L4 ]
Mulidnyuziinileuiu uazszuuinavesndemamanivaredlunuifiasifu (Perfecty
Aligned) f1szuuniavesndomnzvea Tandouiuduned syuin xy veanmineglunua
» b 4
RrIfuszuy XY vealan dniuriing z vee w dmiuszuunidandssisaesiis udoatu

- oo - = 1 é LY s s G Aﬂ' vy
fszuufinavaindesinilamvesTandouniuiumed dumaaluzli 3.1051 185
X,=2(f-2) (3.65)
/

c; LY 9 L4 :; A o ar ooar o
Tashaaesuu X uaz Z Wumsuenimnandssnniladouniudufiftavesian ¥i1ues
Ao fiszuuRnaveIndesnaeuazves landeuruiunesd 571871
X,
/

* > ] »
!14E]\‘lﬁ]'lﬂﬂ'l'i!lﬂﬂﬂ'l-l‘ljﬂQﬂﬁ’ﬂﬂ‘ﬁ\‘lﬁﬁ]ﬂ!!ﬂmuE'I\‘lﬁ]'lﬂ w lﬂ'llﬂ'llﬂU’Jﬁ'lHiU'J'ZU’UWﬁﬂ‘UﬂQYNﬁﬂQ

X,=2(f-2,) (3.66)

pAea 13118

X,=X +B (3.67)
G H Z,=2,=2Z (3.68)
Tagh B 1ilusz oz Baseline
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Lens center

 Optical axis
"'-.__\_/ ’
(sz’ 2)
w
World point
71 3.10 nupdmesvesviun adammasi e
X,
Jmage!
[
(xlry 1) :
I
| o
/ | %
Originof Imagel :
i
i
: : X
X3 B T——»Z
\ -
Image? 1 || \ Origin of world
f coordinate system
b
I I
-z
Originof Image2 I
{
(x2’y2) I

Plane of constant Z
31 3.11 yuuuvesvinunisadunmamees Te Insliszuuninaveandesddn 1 deuiy

fuszpuNiayesian

IMNUAT (3.67) 1ia (3.68) 0411 (3.65) AT (3.66) 1311811

X =2(f-2 (3.69)
I (f-2)
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naz X,+B= ’-‘_fz_(f ~7) (3.70)
4
A1 (3.70) 910 (3.69) uazuAaun1s v Z 1311431
Z—_-f;-—-[B__ | (3.71)
X, -Xx

WUNEaNU IS U MIUARA VR INTANIN X, 1A x, 5282 Bascline 1ATAIINGYI
T i avsIndB s 1T IWITAATHIUKINAR Z Y9 w 18 FIMTUANR X uns Y M50 1uam

= o =24
Tagl4#ia (x,y) ¥38 (x,y,)
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<
Unn4

M35uaveya

o Yq _ ar d d e
4.1 iwnahlafumeinPort) asudiamesNlFnu
A ol A ~ - - ¢ L ’
FamsFu-dalutSogiimufaivii 1ddenl¥nesnunnulunissudsdeyanaswesng
é -, d g : L J -~ 4 ' - ar Cl’
el lunsdadenunfonismuds ¥aldefusfnesnide 1fsnanwedayy dail
4.1.1 NB3AYMU (Parallel Port)
' 4 *
wihvesnesadliiffelFd mivdadefumissfiuiidundn Jegiusinisfaurld
] [Y) o s £t ey o as - o L 1
annsolfamswiumnuned visdlasAdaefauudi 8% nefannndifivuiaeinia
l;/ o L 1 - - J e ‘Iﬂg
wesmoynsia q 'l Taalinnufiumiiu 25 fiu dajueudinsaveaawiiddin 1414013
[] L] W« t o d, P [ 13
deiudoyarunesnitdsidunaldite
o o ¢ v QO A do o
« nodaviuezilg 25 3 (nefailsniludadio manodadizidnesa)
o J ' o Ca ’ & 4 o 4
- wosattvzdofugUnsalaie 4 wu wieshud millasv aunuued dludu
- AuNsnAeAWeT: TWINin taniisinumen I Eve e asyaTud e

- ndadaguezds @S indmeiasynsy

31 4.1 WeinYUM (Parallel Port)
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4.1.2 wedagwail (USB Port)
weiagead iluneianuuiminga Agneonnuuanifidiundneunnnes It
[ d 2 3 - =,
ausofudsdeyalisiaiiu muisodegnsal 1duinde 127 Fu mswlinuudiat lunis
o L] i J o z -y
Sudsdeyngeandy nesauuiigaeentumnifdurzruddnueudimaduniuTaad 98 unz
2 Qs = o o o P - P 1 ‘ﬂ' ] e o
wsudailegtiu figrfaurismamnaimivayunindeudenuuil vy ndesdsnea wid
= o o -4 o oo o o - s g a o o o w
Abueia saoa@n aunuued Faeriauual udinlasd erfadadlas? iludu sy
= o ] =y o d' =4 o ﬂ’ W - =3
aouRaaei3ulni q eziinefauyuiisziinesauuuiioglumiessvudoonda
3 ’ »
- aeuRmefinAvedl 2 USB Port SuhunToafuni il UsB awnsamidienisa UsB
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Decsignation Frequency Amplitude
Carrier oscillation fon U e L1-m).(T-7 )T
1 st spectral line fp £UT U, .msin(x.7/T)
2 nd spectral line for £2T O yp-msin2r.7/T)
3 rd spectral line fp 3T v msin(3r.7/T)
N th spectral line fer 0T Ve msin(nx.7/T)
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Features

+ High-performance, Low-power AVR® 8-bit Microcontroller

= Advanced RISC Architecture
— 130 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 4G}
— On-chip 2-cycle Multiplier

+ Nenvolatile Program and Data Memories
- 8K Bytes of In-System SeH-Programmable Flash

Endurance: 10,000 Write/Erase Cycles 8-bit AVR@"

-~ Optional Boot Code Section with Independent Lock Bits

In-System Programming by On-chip Boot Program with 8K Bytes
True Read-While-Write Operation k
— 512 Bytes EEPROM
Endurance: 100,000 Write/Erase Cycles |n-sy5tem
- 1K Byte Internal SRAM
~ Programming Lock for Software Security | Programmable
* Peripheral Features
— Two 8-bit Timer/Counters with Separate Prescaler, ons Compare Mode Flas h
~ One 16-bit Timey/Counter with Separate Prescaler, Compare Mode, and Capture
Mode [
— Real Time Counter with Separate Oscillator
— Three PWM Channels ATmeg 38
- 8-channe! ADC in TQFP and MLF package
Six Channels 10-bit Accuracy ATmeg aBL

Two Channels 8-bit Accuracy
— 6channel ADC in PDIP package
Four Channels 10-bit Accuracy
Two Channels 8-bit Accuracy
— Byte-oriented Two-wire Serial Interface
— Programmable Serial USART = -
= Master/Slave SPI Serial Interface Preliminary
- Programmable Watchdog Timer with Separate On-chip Oscillator
- On-chip Analog Comparator
= Special Microcontroller Features
— Power-on Reset and Programmable Brown-out Detection Sum mary
-~ Intermal Calibrated RC Oscillator
~ External and Intematl Interrupt Sources
-~ Five Sleep Modes: ldie, ADC Noise Reduction, Power-save, Power-down, and
Standby
+ IO and Packages
— 23 Programmable O Lines
= 28-lead PDIP, 32-lcad TQFP, and 32-pad MLF
+ Operating Voltages
- 2.7 - 55V {ATmega8L)
- 4.5 - 5.5V (ATmega8}
* Speed Grades
— 0 -8 MHz (ATmega8L)
— 0 - 16 MHz (ATmegaB)
* Power Consumption at 4 Mhz, 3V, 25°C
—~ Active: 3.6 mA
— Idie Mode: 1.0 mA
— Power-down Mode: 0.5 pA

Rev. 24B6IS—AVR-12/02

Note: Lhis is a summay document. A complete document is
‘ mEl avaiable on ourweb site al www.atmal.com.
I &




Pin Configurations

AIMEL
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{TXD) PD1 ] 3 % P rcancyy
{INTO) PD2 ] 4 25 [3PC2 (ADC2)
{INTTYPDE ]S 24 [IPCH (ADC1)
(XCR/TO) PD4 O 6 23 B PCo (ADCD)
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Overview

Block Diagram

24B615-AVR—-12/02

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

Figure 1. Block Diagram
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Disclaimer

ATMEL

The AVR core combines a rich instruction set with 32 general purpose working registers,
All the 32 registers are direclly connected to the Arithmetic Logic Unit (ALU), aliowing
two independent registers to be accessed in one single instruction executed in one clock
cycle. The resulting archilecture is more code efficient while achieving throughputs up to
ten times faster than conventional CISC microcontrollers.

The ATmega8 provides the following features: 8K byles of In-System Programmable
Fiash with Read-While-Write capabilities, 512 bytes of EEPROM, 1K byte of SRAM, 23
general purpose I/O lines, 32 general purpose working registers, three Fexible
Timer/Counters with compare modes, internal and extemal interrupls, a serial program-
mable USART, a byle oriented Two-wire Serial interface, a 6-channel ADC {eight
channels in TQFP and MLF packages) where four (six} channels have 10-bit accuracy
and two channeis have 8-bit accuracy, a programmable Watchdog Timer with Intemal
Oscillator, an SPI serial port, and five software seleclable power saving modes. The idle
mode stops the CPU while allowing the SRAM, Timer/Counters, SPi port, and interrupt
system to continue functioning. The Power-down mode saves the register contents bul
freezes the Oscillator, disabling all other chip functions until the next Interrupt or Hard-
ware 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 /O moduies except asynchronous timer and
ADC, to minimize switching noise during ADC conversions. in Standby mede, the crys-
talresonator Oscillator is running while the rest of the device is sleeping. This allows
very fast slarl-up combined with low-power consumption.

The device is manufactured using Atmefl’s high density non-volatile memory technology.
The Flash Program memory can be reprogrammed In-System through an SPI serial
interface, by a conventional non-volatile memory programmer, or by an On-chip boot
program running on the AVR core. The boot program can use any interface to download
the application program in the Application Flash Memory. Software in the Boot Flash
Section will continue 1o run while the Application Flash Section is updated, providing
true Read-White-Write operation. By combining an 8-bit RISC CPU with In-System Self-
Programmable Flash on a monolithic chip, the Atmel ATmega8 is a powerlul microcon-
troller that provides a highly-flexible and cost-effective solution to many embedded
control applications.

-The ATmega8 AVR is supported with a full suite of program and system development

tools, including C compilers, macro assemblers, program debugger/simulators, In-Cir-
cuit Emulators, and evaiuation kits.

Typical values 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.

4 ATmega8(L) meee—————ee—————————————
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Pin Descriptions
[ od
GND

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

Port C (PCS..PCO0)

PCG6/RESET

Port D (PD7..PDO)

2
&
q

XTAL1

XTAL2

248615-AVR-12/02

Digital supply voltage.
Ground.

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

Depending on the clock selection fuse setlings, PB6 can be used as input to the invert-
ing Oscillator amplifier and input to the intemal clock operating circuit.

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

If the Intermnal Calibrated RC Oscillator is used as chip clock source, PB7..6 is used as
TOSC2..1 input for the Asynchrenous Timer/Counter2 if the AS2 bitin ASSR is set,

The various special features of Port B are elaborated on page 56.

Port C is an 7-bit bi-directional /O port with intemal pull-up resistors (selected for each
bit). The Port C output buffers have symmetrical drive charactenistics 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, aven if the clock is not running.

If the RSTDISBL Fuse is programmed, PC6 is used as an I/O pin. Note that the electri-
cal characleristics of PC6 differ from those of the other pins of Port C.

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

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

Port D is an 8-bit bi-directional /O port with intemal 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 extemally pulled low will source

current if the pull-up resistors are activated. The Port D pins are tri-stated when a reset
condition becomes aclive, even if the clock is not running.

Pert D also serves the functions of various special features of the ATmega8 as listed on
page 61.

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

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

Output from the inverting Oscillator amplifier.

ATMEL ;
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AVCC AVCC is the supply voltage pin for the A/D Converter, Port C {3..0), and ADC (7..6). It
should be externally connected to Vi, even if the ADC is not used. If the ADC is used,
it should be connected to Vi, through a low-pass filter. Nate that Port C (5..4) use digital
supply vollage, Vee.

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

ADCT..6 (TQFP and MLF In the TQFP and MLF package, ADCY..6 serve as analog inpuls to the A/D converter.
Package Only) These pins are powered from the analog supply and serve as 10-bit ADC channels.
About Code This datasheet contains simple code examples that briefly show how to use various
Examples parts of the device. These code examples assume that the parl 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 handiing in C is compiler dependent. Please
confirm with the C compiler documentation for more details.

6 AT IMN©G2 5 (1) 1520000000000
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Register Summary

P ——
AGdress | Meme | BA7 Bite B s ona B3 BNz B1 1 BitO Page
0:3F (BxSF) SREG ] T H s N z c )
DGE (0x5E) SPH - - - - - SP10 5P 5P8 1
Ox30 {050) SPL Sp7 $Pg SP5 3P4 SP3 SP2 5P1 SPO 11
0:3C (D5C) Rasonvod ‘
0x3B (Ox58) GICR N1 INTO - - — IVSEL WGE 41,65
Ox3A [OxSA) GIFR INTF1 HTFO - o - = S 58 T
0x39 (0x50) TIMSK OCIE2 TOIEZ TIGIE OCIE1A OGIETB TOIE1 - TOIED 70, 100, 120
0x38 {0x58) TIER oCEZ TovZ ICE1 OCFiA OCE1B TOV1 — TOVO 71, 104, 120
0x37 {0x5T} SPMCR SPMIE RWWSB — RWWSRE BLESET PGWRT PGERS SPMEN 208
036 (0x56) TWOR TWINT TWEA TWSTA TWSTO TWWG TWEN - TWIE 167
0x3S (Dx55) MCUCR SE SM2 SM1 SMO I5C1 15C10 1SCO1 15500 31,64
X34 (D54) MCUCSR - — _ — WORE BORF EXTRF PORF 39
0x33 (0x53) TCCRO - - - — - 502 [ 300 70
Ox32 {0252) TCNTO Timer/CoumeeO (8 Bits) 70
Ox31 {51} OSCCAL Oscilator Celbration Register 29
00 {050) SFIOR e - - ADHSM ACME PUB PSR2Z FSR10 g, 73, 121, 188
02F (O5AF) TCCR1A COMIAS COM1AD COM1B1 COMIBD FOCIA FOC1B WGM11 WGEM 10 o5
O=ZE (NAE) TCCRIB ICNG1 CESt - WOMT3 WEM12 G512 CS1 GS10 98
0x2D {Ox40) TONTIH Turar/Counver] — Countos Regisier High Byte [
0x2C (04C) TCNTIL TinarCourer! — Counter Regisior Low Byte 0
02 (On4B) OCR1AH TimerCoumter] - Oulput Comgpare Register A Hgh Byts )
O2A {Ox4A) OCRIAL TimexiCountert — Output Gompars Rogistor A Low Byts 99
0529 (0x49) OCR18H TimasrCounter 1 - Output Compare Register £ High Byte »
0x28 (0x48) OCR1BL TimerCounter! — Oulput Compare Register B Low Byl o3
027 (Oxd 7} ICR1H Timer/Counterd — input Capturs Register High Byte 100
0x26 {0:48) ICRIL TimerdCounter! — input Capture Registes Low Byte 100
TS {(heds) TCCR2 FOC2 woMzo | comzn | comze | women | csez | csn €S20 115
0x24 (OA4) TCNT2 TimerCoumer? (8 Bits) 7
B3 (OxA3 ) OCR2 TimeriCounter? Output GCompsane Register 117
022 {(x42) ASSR - - - — AS2 TCNZUB OCR2UB TGR2UB 17
oxt (At} WDTCR - - - WOCE WDE WOP2 WPt WDPO 41
020" (g UBRRH URSEL - - - UBRR[11:8] 154
UCSRC URSEL UMSEL UPM1 LPMO useS JCSZ4 UCS20 UCPOL 152
Ox1F (D3F) EEARH - - - - ~ - - EEARS 18
Ox1E (Ox3E) EEARL EEART EEARB EEARS EEAR4 EEARD EEARZ EEAR1 EEARD 18
0x1D {0x3D) EEDR EEPROM Datn Reg 18
Ox1C {0x3C) EEGR - - i - } - [ Eeme | eemwe | Eewe EERE 18
0Ox1B {0x38) Roserved
Ox1A (X34} Raservad
0x18 ((x39) Resenved - .
T8 (Cr38) PORTB PORTB7 PORTES PORTBS PORTB4 PORTB3 PORTB2 PORTBY PORTBO 53
Ox17 (0x37) DORB DDB7 DoBs DDBS DDBA DoB3 oDB2 oDB1 DOBY 83
Ox 46 {0236} FING PINB? PINES PINBS PINB4 PINB3 PINB2 PINBA PINBO 63
0x15 (0x35) PORTC - PORTCE PORTCS PORTCA PORTC3 PORTC2 PORTCA PORTCO 63
x4 {Tx34) DDRC — DOCE DOCS DG4 DDC3 DOC2 DG DD 63
0213 (0:33) PING - PINCE PINCS PINCA PING3 PINC2 FINGA PINCO 83
0312 (032) FORTD PORTDT PORTDE FORTDS PORTDS PORTDI PORTDZ PORTD1 PORTDO s
oxH {at) DDRD opo7 ) DDDS DDD4 DDD3 poD2 [rery DPDe 63
Oxﬂ)m) PIND PINDT PINDS PINDS PIND4 PIND3 PIND2 PIND1 PINDC 83
OxOF {0x2F) SPDR SP1 Dats Register 128
O {Ox2E) SPSR SFIF WCOL - - - — - SPRX 128
Ox0D {0%2D) SPCR SPIE SPE DORD MSTR GPOL CPHA SPR1 SPRO 128
Ox0C (0x2C) UDR USART W Data Registar 149
008 (DuzB} UCSRA RXC TXC UDRE FE DOR PE u2x MPCM 150
Ox0A {0x2A) UCSRS RXCIE TXCIE UDRIE RXEN TXEN UCSZ2 R8s TXB8 151
0x09 (0x29) UBRAL USART Baud Rt Registar Low B 154
D8 (Dx23) ACSR ACD ACBG ACO ACH ACIE ACIC ACIS1 ACISD 189
Dx07 (027} ADMUX REFS1 REFSD ADLAR - MUX3 MUX2 MU MLXO 200
0x08 {(x2B) ADGSRA ADEN ADSC ADFR ADIF ADIE ADPSZ ADPS1 ADPSD 202
005 {0x25) ADGH ADC Data Rogiter High Byle 203
0x04 (0x24) ADGL ADC Data Rugister Low Bytw 203
0x03 (0x23) TWOR Two-wire Serisl Intertace Data Registor 169
0x02 (xZ2) TWAR TWAS Twas | Twas | Twas ] Twaz | TwaAl |  TWAG TWGCE 169

24B61S-AVR—12002
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Register Summary (Continued)

Address Name Bit? B & BRS Bi4 BH3 Br2 BR1 aro Pege

Qx0r {21} TWSR TWS7? TWSE TWSS TWS4 TWS3 - TWPSA TWPFS0 188

0x00 {0X20} TWER Two-wirs Sarisd Imesfoca Bit Rets Registor 167 ]
Notes: 1. Refar to the USART description for details on how to access UBRRH and UCSRC.

2. For compatibility with future devices, reserved bits should be written to zero if acoessed. Reserved 1/0 memory addresses
should never be wrilten.

3. 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 YO Register, writing a one back into any flag read as set, thus clearing the flag. The CBI and $BI instructions
work with registers 0x00 to Ox1F only. -

8 ATmegad(L) s ———————————
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Instruction Set Summary

! ics Operand | Description | Operation Flags | #Clocks
ARITHMETIC AND LOGIC INSTRUCTIONS
ADD ~ Trom Ad two Roglsters Rd < Rd+Rr ZCRvH P
ADC Rd, Rr Add with Cary two Registers Rd< Rd+Rr+C ZLCNVH 1
ADIW Rot X Add immedints 10 Word Rdh:Rol + Rdh:Rdi + K ZCNVS 2
S5uUB Rd, Rr Subtract two Registers Rd« Rd-Rr ZCNV.H 1
SuBl Rd, K Subtract Constant from Registar Rd« Rd-X ZCNNVH 1
SBGC Red, RT Subtract with Canvy two Registers Rd« Rd-Rr-C ZCNVH 1
SBCI R, K Sub with Gorry G from Reg. Rds Rd-K-C ZONVH 1
sew """ | phlk " | subtract Immediats from Word ) “RdhRdi s RdhRa\-K T ZLNVS -
AND Rd, Rr Logical AND Registors Rd¢ RdeRr ZMNV 1
ANDI Rd, K Logical AND Reqistes and Constant R« Rds K Z NV 1
OR Rd, Rr Loglcat OR Regswers Rd« RdvRr ZNV 1
[25] R, K Lopgical OR Register and Constant Rd<« ReavK ZMNYV 4
EOR Ry, Rr OR Ry Rd« Rd©Rr ZNV 1
COM Rel Onwe's Complement Rd < OxFF - Rg 2O NV 1
NEG R Two's Complomaent Rd + (b0 - Rd ZCNV.H 4
SBR R K St Bitfs) in Reglster Rd« RAVK ZNV 1
CBR Rd.K Clear BIs) in Register RS < Rd + (OxFF - K) Zny 1
INC Rd InCrament Rd<« Rg+1 Z NV 1
QEC Rd Decremant Rde¢ Rd-—1 ZMNY 1
ST R Tost for Zero or Mintus Rd« RdeRd ZNV 1
“CLR Jra -~ . Clons Regisies ‘Rd <« Rd&@Rg T~ ZNV 1
SER Rd Sat Register Rd « CxFF None 1
MUL Rd, Rr Mutiply Unsigned R1:RU+« RdxRr ZC 2
MULS Rd, Rr Mullply_Slgned R1R0« RaxRr Z,C 2
MULSU Rd, Rr Muliply Signed with Unsigned R1:RD « Rd & Rr Z.C 2
FMUL Rd, Rr Fractional Muttiply Unsigned RIRD « {Rdx R << 2.C F
FMULS Rd, Rr Fractiona! Multipty Signod R1:RO« {RdxRr)S< 1 ZC 2
FMULSU Rd, Rr Fractional Multiply Shined with Unsigned RIRO4 (RexR)<< | Zc 2
BRANCH INSTRUCTIONS
RJMP x Relative Jump PCe¢ PC+Kk +1 Mone 2
1P Ingirect Jump © (Z) PCe Z Nona 2
JMP X Direct Jump PC +— % Nono 3
RCALL * Rolative Subroutme Cal PC«PC+k+1 None 3
ICALL Indirect Call to {2) PC« Z Nom 3
CALL K Orect Subroartine Call PC & K Nona 4
RET Subroutine Rewwra PG« STACK Nomg 4
RETI Imtemupt Retum PC « STACK | 4
CPSE Rd,Rr Compars, Skip f Equal i{RO=R)PC< PC+20r3 None 17213
cpP Rd.Rr _Compam Rd—Rr Z.NVCH 1
cPC Rd Rr Compare wth Camy Rd-Rri-C Z, NV,GH 1
CPI Rd X Compare Register with Immadiets Rd—K Z. NVC.H 1
SHRC R, b Skip if 81t in Register Cleansd #{Rr{b)=0) PC — PC+ 2 0r 3 Hone 11213
SBRS R b Skip f Bt n Register Is Set H{RbF)PCe-PC+20r3 None 1/2/3
SBIC P.b Skip H Blt in /O Rogister Cleared #{PROFEO}PC « PC+2or3 Nona 1/213
SIS P b Skip if BH In O Regleter is Sot H{PLE1IPC —PC+2or3 Nore 17213
BRBS s, Kk Branch if Stsws Flag Set if {SREG({E) = 1) then PC<« PG4k + 1 None 1/2
BREC 8 k Branch f Status Flag Cloarod if (SREG{5) = 0) then PCePC+k + 1 None 112
BRECQ k Branch i Equal ¥{Z=1)then PCc PC4k+1 Nese 112
BRNE .3 Branch i Not Equel F(Z=D}thenPCe—PC+k+1 None 172
BRCS K Branch if Carry Set E(C=1)thenPC ¢ PC+k+1 None 1/2
BRCC K Branch i Carry Cloamd F{C=DjthanPC+PC+k+1 Nome 112
BRSH x Branch i Serme of Higher F{C=0D)then PC« PC+k+1 None 172
BRLO Kk Branch if Lower #{C=1then PC—PC+k+1 None I
BRMI K Bronch if Mims W(N=1)then PG« PC+k+1 None 172
BRPL k Bmoch if Plus H(N=0)then PC - PC+k+ 1 Noae 112
BRGE K Branch if Graater or Equal, Signed FNOVaQ}then PC¢ PC+k+1 None 1/2
BRLT ] Branch i Less Than Zero, Signed HNOV=1}thenPC« PC+k+1 MNone 112
BRHS X Brunch H Helf Camy Fleg Set F{H=1)then PC = FC+k +1 Nora 142
BRHC K Branch i Hatf Cary Fieg Cleared F(H=Ojthen PC« PC4+k+1 Nonp 142
BRTS L3 Branch if T FAag Set H(T=1}thenPCc PC+k +1 Nong 172
BRTC X Branch i T Flog Cleared i!(T=MnPC<—PC4t*1 Npne 112
BRYS X Branch i Overfiow Flag s Set A{v=1)thenPC¢ PC+k+1 Nona 112
BRVGC k Branch H Ovesflow Flag Is Cleored F{v=0}then PC¢ PC+k+1 None 112

2486|5-AVR-1202
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Instruction Set Summary (Continued)

Mnemonics Operands Description Oparation Flags #Clocks
BRIE k Brench if Imemupt Enabled H{E=1)then PC« PC+k+1 Nong 172
ﬂ-‘E K Bl'Bnm'rlmte'lruEDbd:lﬂd 5(I=EL!I.'IBHPC< PCsk+1 Nons 172
DATA TRANSFER INSTRUCTIONS
MOV Rd, Re Move Botwoen Registors Rd < Rr Nonws 1
MOVW Rd. Rr Copy Register Word Rd+1:Rd « RM+1Rr None 1
L Rd, K Load immedien Rd ¢ K No; 1
Rd, X Losd indinact Ra« {X) None 2
R, X+ Losd Indinect and Post-inc, Rde (XLpX1+ X+1 Nono 2z
Rd, - X Load Indiett and Pre-Dac. X< X-1,Rde Q) Nona 2
Rd, ¥ Lond Indiroct Rd < {¥) Nong 2
Lo Rd. ¥+ Load Indrect and Post-inc, Rd< (Y)Yt Y+1 Nona 2
LD Rd, .Y Load Indiredt and Pra-Dec. Ye¢ ¥-1,Rde (v} Nona 2
LDD Rd.Y+q Loed indivact with Displacomont Rd (Y +q) Nons 2
LD Rd, Z Load Indimect Rd « (Z2) Nona 2
LD Rd, 2+ Load Indirect and Post-Inc. Rd ¢« {2)&<¢ Z+1 Nons 2
LD Rd, 2 Load Indirect and Pre-Dec. Ze2-1,Rde(5) Nona 2z
LDD Rd, Z+q Lond Indirect with Displacement Ro« {Z+4q} Nonu 2
LDS R, k Load Direct from SRAM Rd ¢ (k} Nons 2
ST X, Ry Store Indlrect {X)< Rr None 2
ST X+ Br Siore Indiesct ang Postdnc, IR X=X +1 Nons 2
3T - X, Rr Siore Indirect and Prs-Dec. X¢ X-1,{X)¢« Rr Nons 2
ST ¥, Rr Stora Indiesct {¥) «Rr Nons 2
57 ¥+, Ar Swore Indiract and Postinc. f¥)« RE,LY L ¥+ Nons 2
ST -Y, Ry Siore Indirect and Pre-Dec. Y4 Y-1(YieRr None 2
STD ¥+q,RY Store Indirect with Gisplecement [f+g}c Rr None 2
ST Z,Rr Store Indrect {Z} —Rr Nona 2
ST Z+ Rr Store Inawect and Postine. @)¢ R, Zc Z+1 None 2
ST -Z. Rr Store Indirect and Pra-Dec. 22-14{2+Rr Nong 2
STD Z+qRr Store Indmct with Displecemerm. (Z+q}« Ry None 2
STS k, Rr Swre Direct to SRAM {k) « Rr Nome 2
LPM Load Program Memory RO« (Z) Nome 3
L PM Rd, Z Load Program Memory Rd + (2} None 3
LPM Rd, Z+ Load Pmgram Memory and Post-tnc Rd¢ (Z)Z+« 2% None 3
SPM Siore Progrem Memory {2} « R1:RO None -
IN Rd, P In Port Rdc P None 1
QuT P, Rr Out Port P+« Rr None 1
PUSH Rr Push Repistar on Stack STACK « Rr None 2
_ror 5 op Regleta from Stack Rd < STACK Nooe 2
BIT AND BIT-TEST INSTRUCTIONS
Sa1 Fb Set Bt in 120 Register 4P,y « 1 None 2
GBI Pb Giwar Bit in W0 Register HOP ) O None 2
LSL Rd ical Shift Left Rd{n+1) « Ra{n). R&{0) « O ZONV 1
LSR Rd Logical Shift Right Rd{n) « Rd{n+1), Rd{T)¢« O ZONV 1
ROL Rd Rotats |eft Through Canry RA(C} _C.Re{n+ 1) Ra{n).Ce RA(T) ZCNV 1
ROR Ra Rotgte Right Through Carry Ra{Th C.Rofn)c R{n+1).C< Ra{0) ZCNY 1
ASR Rd Arthmetic Shift Right Rd{n} <« Rd{rr+1). n=0..6 Z.CNV 1
SWAP Rl Swap Nibbles RA(3.OK Ro(7.A)RH7. 4} RA(3..0) None 1
BSET s Flap Set SREG(s)« 1 SREG(s) 1
BCLR . Flag Cloar SREG(s)+ 0 SREG(s) e
BST R, b BK Stors from Register to T T <_Rrib) T KR
BLO na, b B Ioad Trom ¥ to Regsier Ra(tye T None 1
SEC Set Carry G 1 c 1
cLC Cloar Camy Ce O [+ 1
SEN Set Negative Flag N1 N 1
CLN Clear Nngative Flaa N« O N 1
Se7 Set Zero Fag Ze—1 7 1
CLZ Clear Zevo Flag Z< G z 1
SE1 Globat Inkwrupt Enable o1 1 1
cL Giobel Inmnupt Dissbie te O ] 1
SES Set Signed Test Fiag Sec 1 s 1
CLS Cloar Signed Test Fiag S0 5 1
SEV Set Twos Comp Overflow. Vet v 1
CLY Chatir Twos Complemant Overfiow Ve O v 1
SET Set T in SREG Te 1 T p

10  ATmegad(L) s—————————————e—————
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Instruction Set Summary (Continued)
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3

WMnemonics Operands Description Operation Flags #Clocks
CLT Cwar T in SREG Te¢ 0 T 1
SEM Set Helt in SREG He 4 H 1
| CiH Cloat Holl Cany flog In SREG H 0 H 1
MCU CONTROL INSTRUCTIONS
NOP No Operation None 1
SLEEP Sleon {see speciic desa. far Sieep fundtion) Nong 1
WOR Wmchﬂg Resat (see w ic descr. for WDRAimer) Nong h]
11




Ordering Information

ATEL

Speed (MHz) Power Supply Ordering Code Package Operation Range
8 2.7-55 ATmegaBL-8AC 32A Commercial
] ATmegaBL-8PC 26P3 {0°C to 70°C)

ATmega8L-8MC 32M1-A
ATmega8L-8Al 32A Industrial
ATmegaBL-8PI 28P3 {-40°C to B5°C)
ATmega8L-8MI 32M1-A

16 45-55 ATmegaB-16AC A2A Commercial
ATmegaB-16PC 28P3 {0°C to 70°C)
ATmegaB-16MC ZM1-A
ATmegaB-16Al J2A Industrial
ATmegad-16PI 28P3 {-40°C to B5°C}
ATmegaB-16Mi IZM1-A

Note: This device can also be supplied in wafer form. Please contact your local Atmel sales office for detaited ordering informalion and

minimum quantities.

Package Type
32A 32-4ead, Thin (1.0 mm) Plastic Quad Flat Package (TQFP}
28P3 284ead, 0.300° Wide, Plastic Dual Infine Package (PDIP)
IZM1-A 32-pad, 5 x 5 x 1.0 body, Lead Pitch 0.50 mm Micro Lead Frame Package {(MLF)
12 ATmegad(L) m—a———
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Packaging Information

32A

32-tead, Thin (1.0mm) Plastic Quzd Flatpack
(TQFP)Y, 7x7mm body, 2.0mm footprint, 0.8mm pitch,
Dimensions in Millimeters and (inches)”

JEDEC STADARD MS-026 ABA

PIN1ID

9.25 (0.364)
r’ 8.75 (0.344) *I

0.45 (0.018)
0.30 (0.012) }PII\H
| S— =
== == 9.25(0.364)
0.80 (0.0315) BSC ——my = —

== ——  8.75(0.344)

[T0m

7.10(0.280) ¢
690(0.272) - °
—— 1.20(0.047) MAX

Y

0.20{0.008) o~7°

0.09 (0.004) | / J
T’::I I___ors 0.030 0.15 (0.006)

0.45 (0.018) 0.05 (0.002)

Il_._
—

——

*Controliing dimensions: Millimelers

AIMEL 3
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28P3

28-lead, Plastic Dual Inline
Package (PDIP), 0.300" Wide, (0.288" body width)
Dimensions in Millimeters and {inches)*

34.80(1.370)
3454(1.360)  PIN

onn. . on
) ) ) 7.49(0.295)
( 7.11{0.280)

\
B B A 1 I A I B I

4.57(0.180)MAX

SEATING 1: W j_L
PLANE Lﬂ L

3.56(0.140)
3.05(0. 120 |_ 0.56(0.022)
0.38(0.015)
2.54(0. 100)BSC 1.65(0.065)
1.27(0.050)
8.26(0.325)
l 7.62(0.300)
15° REF
0.38(0.015)
! 10.20(0.400)MAX

*Controlling dimension: Inches

REV.A  04/11/2001

14 ATmega8(L)
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32M1-A

PIN #1 1D

L 001 O A O N O I O

L

TOP VIEW —
A1

-
o -
m— U] P el —
E—D a //r_ 4 SIDE VIEW
- 12
D O COMMOX DIHEMSIONS
— - ("Unit of Measure = mm)
- (— SYMBOL| MIN NOM | MAX | NOTE
g c(:: A 080 | 090 | 100
L ) Al 0.00 002 | 005
— L———L A2 - 065 | 1.00
A3 0.20 REF T
E"’”“ | b 018 | 023 | 030
D 5.00 BSC
BOTTOM VIEW D1 475BSC
D2 | 125 | - [ 328
£ 5.0 BSC
NOTE 1. JEDEC STANDARD MO-220, Fig 2 {Amvll Singulation), VHHD -2 E1 475 BSC
B2 | 125 | - [ 3z
e 0.50 BSC
L Q.30 0.40 0.50
P - . 0.60
Y . ! 128

" o Parerny |IITIE T 060 e o, T
Sanronn Ca ostay Y | 5281-8, 32.pad, Sx5x1.0mm boay, Lead Pitch 0.50mm | OFAr LS MO | FEV
ose, Mirco Laad Frame package (MLF} 32M1-A
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Data Sheet C hange This document contains a log on the changes made to the data sheet for ATmega8.
Log for ATmega8

Changes from Rev. All page numbers refers to this document.
2486B-12/01 to Rev.
2486C-03/02 1 Updated TWI Chapter.

More details regarding use of the TWi Power-down operation and using the TWi as
Master with fow TWBRR values are added into the data sheet.

Added the nofe at the end of the “Bit Rate Generator Unit” on page 165.
Added the description at the end of "Address Match Unit” on page 166.

2 Updated Description of OSCCAL Calibration Byte.

in the data sheet, it was not explained how to take advantage of the calibration
byles for 2, 4, and 8 MHz Oscillator selections. This is now added in the following
seclions;

Improved description of "Oscillator Calibration Register — OSCCAL" on page 29 and
"Calibration Byte" on page 2138.

3 Added Some Preliminary Test Limits and Characterization Data.
Removed some of the TBD's in the following tables and pages:

Table 3 on page 24, Table 15 on page 36, Table 16 on page 40, Table 17 on page
42, Table 98 on page 233, "DC Characteristics T, = -40°C to 85°C, Ve =27V 10
5.5V (unless otherwise noted)” on page 234, Table 100 on page 236, and Table 103
©n page 238.

4 tjpdated Programming Figures.

Figure 104 on page 219 and Figure 112 on page 229 are updated to also reflect that
AVCC must be connected during Prograrmming mode.

5 Added a Description on how to Enter Parallel Programming Mode if RESET
Pin is Disabled or if External Oscillators are Selected.

Added a note in section "Enter Programming Mode” on 'page 221

Changes from Rev. All page numbers refers 1o this docurent,
2486C-03/02 to Rev.
2486D-03/02 1 Updated Typical Start-up Times.

The following tables has been updated:

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

2 Added “ATmega8 Typical Characteristics — Preliminary Data” on page 241.

1«  ATmega8(L) messs———————————
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Changes from Rev.
2486D-03/02 to Rev.
2486E-06/02

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

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

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

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

24861S-AVR- 1202

All page numbers refers to this document.

1

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

Table 15, "Reset Characteristics,” on page 36, Table 16, “Internal Voltage Refer-
ence Charactenistics,” on page 40, DC Characteristics on page 234, Table , "ADC
Characteristics — Preliminary Data,” on page 240. '

Changes in External Clock Frequency
Added the description at the end of "External Clock” on page 30.
Added period changing data in Table 100, “External Clock Drive,” on page 236.

Updated TWI Chapter

More details regarding use of the TWI bit rate prescaler and a Table 65, “TWI Bit
Rate Prescaler,” on page 189,

All page numbers refers to this document.

1

2

5

6

Changes In “Digital Input Enable and Sleep Modes” on page 53.
Addition of OC52 in “MOSI/OC2 — Port B, Bit 3” on page 57.

The following tables has been updated:

Table 51, "CPOL and CPHA Functionality,” on page 129, Table 59, "UCPOL Bit Set-
tings,” on page 154, Table 72, "Analog Comparator Multiplexed Input“)," on
page 190, Table 73, "ADC Conversion Time,” on page 195, Table 75, "input Chan-
nel Selections,” on page 201, and Table 84, “Explanation of Different Variables
used in Figure 103 and the Mapping to the Z-pointer,” on page 215.

Changes in "Reading the Calibration Byte” on page 227.

Corrected Errors in Cross References.

All page numbers refers to this document.

1

1.

1.

Updated Table 104, “ADC Characteristics,” on page 240.

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

Added errat for Rev D, E, and F on page 18.
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Erratas The revision letter in this section refers to the revision of the ATmega8 device.

ATmegaB Rev. D, E, and F « CKOPT Does not Enable Internal Capacitors on XTALN/TOSCn Pins when 32 KHz
Oscillator is Used to Clock the Asynchronous Timer/Counter2

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

When the intemal RC Oscillator is used as the main clock source, il is possible to
run the Timer/Counter2 asynchronously by connecting a 32 KHz Oscillator between
XTALUTOSC1 and XTAL2/TOSC2. But when the internal RC Oscillator is selected
as the main clock source, the CKOPT Fuse does not control the internal capacitors
on XTAL1/TOSC1 and XTAL2/TOSC2. As long as there are no capacitors con-
nected to XTAL1/TQOSC1 and XTAL2/TOSC2, safe operation of the Osdillator is not
guaranteed.

Problem fix/Workaround

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

18 ATMmega8 (1)  emmnn—————————
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HOLTEK

HT12A/HT12E

2'? Series of Encoders

Features
» Operating voltage
- 2.4V~5V for the HT12A

- 24V-~12V for the HT12E

* Low power and high neise immunity CMOS
technology

» Low standby current: 0.1pA (typ.) at
VDD=5V

s« HTI12A with a 38kHz carrier for infrared
transmission medium

Applications

Burglar alarm system
Smcoke and fire alarm system
Garage door controllers

Car door controllers

General Description

The 2'2 encoders are a series of CMOS LSIs for
remote control system applications. They are
capable of encoding information which consists
of N address bits and 12-N data bits. Each ad-
dress/data input can be set to one of the two
logic states. The programmed addresses/data
are transmitted logether with the header bits

Selection Table

» ; Minimum transmission word

- Four words for the HT12E

- One word for the HT12A

Built-in oscillator needs only 5% resistor
Data code has positive polarity

Minimal external components

HTI12A/E: 18-pin DIP/20-pin SOP package

" ¢

Car alarm system

Security system

Cordless telephones

Other remote control systems

via an RF or an infrared transmission medium
upon receipt of a trigger signal. The capability
to select a TE trigger on the HT12E or a DATA
trigger on the HT12A hurther enhances the ap-
plication flexibility of the 2'% series of encoders.
The HT12A additionally provides a 38kHz car-
rier for infrared systems.

Function| Address | Address/ | Data . . Carrier | Negative
No. Data No.| No. Oscillator | Trigger | Package Output | Polarity
Part No.
455kHz 18 DIP
HT12A 8 0 4 | ononatey | D8=DI1 | oo or a8kHz No
— 18 DIP
HT12E 8 4 0 | cillator TE 20 SOP No No

Note: Address/Data represents pins that can be address or data according 1o the decoder require-

mentl.

April 11, 2000
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Block Diagram
TE trigger
HTI12E
05C2 OSC1 '
EH Osciaor  |-]  +3 Dividor |_>|D;ta 5°'°°‘J—>(500UT
L
+12 Counter & Sync.
A0 O . [* 1ot 12 Decoder [™] Gircuit
i H 12 Tran n
it 1] GaecCicut
AT (— Binary Detector

=4

O 9
ADE ——AD11 VD V5S

DATA trigger
HT12A

N L. Data Salect
Osciliator H +576 Divider ot See J—OODOUT
LMB l f ]

+12 Counter & Sync.
A0 L o 1 of 12 Dacoder Circa
H 12 Transmission
i Gate Circuit
A7 Binary Detactor
D T | $ 3
B4 A4
D8 D11 vbb  VSS

Note: The address data pins are availablein various eombinations (refer to the address/data table).
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HT12A/HT12E
Pin Assignment
8-Address 8-Address 8-Address 8-Address
4-Data 4-Data 4-Address/Data 4-Address/Data
o et Y b - neds — 20bnc
Ao 18 VoD Aoz 19 VDD ALY 1 18 [FJVDD A0LCd2 18[voD
Az 17 [QpouT A1z 18 [JoouT a1z 17hOpouT A3 18[jo0uT
a3 16 X1 Az (4 17 [IX1 AZC}3 16 [30sC1 A2[]a 17[Joscl
A3[]4 15Xz AsCls 16 0x2 A3]4 15308C2 A3[s 16[00SC2
A0S 14 LMB ACls 15 JumMe ALI5 wHTE Ars sPTE
As(]s 13BN A7 14 01 A58 133AD1 ASLC]7 14[JAD11
ASCET 12010 AS (8 130010 AsC]7 12 [JAD10 AsCla 13[AD10
AT 8 1nQpe ATOe 12[JD9 AT(]8 11 AD9 AT (9 12 ADS
vss (e 1008 vss ] 10 11 o8 vssC]9 10{ADS vss 10 11[JAD8
HT12A HT12A HT12E HT12E
-~18 DIP - 20 SOP —-18 DIP —20 SOP
Pin Description
. Internal .
Pin Name | /O Connection Description
CMOS IN
Pull-high
(HT12A)
NMOS In : :
_ put pins for address AD-AT setting
AO-AT I TRAN(}ST'PIESION These pins can be externally set Lo VSS or lefl open
PROTECTION
DIODE
(HT12E)
NMOS
TRANSMISSION
ADB-ADI1 | 1 GATE Input pins for address/data AD8~ADI11 setting
- _ PROTECTION | These pins can be externally set Lo VSS or lefl open
DIODE
(HT12E)
Input pins for data DB~D11 seiting and transmission en-
D8-D11 I CMOS IN able, active low
Pull-high These pins should be externally set to VSS or lefl open
{see Note)
DOUT O CMOS OUT Encoder data serial transmission outpul
Latch/Momentary transmission format selection pin:
L/MB 1 (13)1:11?}5]‘,11: Latch: Floating or VDD
~hig Momentary: VSS

Agril 11, 2000
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HT12A/HT12E
. Internal . s
Pin N@e o Connection Description
TE 1 %E}S“;I: Transmission enable, active low {see Note}
0SC1 I | OSCILLATOR 1 | Oscillator input pin
QSC2 O | OSCILLATOR 1 | Oscillator outpul pin
X1 I | OSCILLATOR 2 |455kHz resonator osdllator input
X2 O | OSCILLATOR 2 :455kHz resonator oscillator output
VSS I — Negative power supply, grounds
YDD I — Positive power supply

Note: D8-DI11 are all data input and transmission enable pins of the HT12A,

TE is a transmission enable pin of the HT12E.

Approximate internal connections

Absolute Maximum Ratings

Supply Voltage (HT124A) ............. —0.3V to 5.5V
Input Voltage.......c.ccund Vss5—0.3 to Vpp+0.3V
Operating Temperature............... —20°C to 75°C

Supply Voltage (HT12E)

NMOS
TRANSMISSION Syvede CMOS OUT OSCILLATOR 1

GATE

=L >0 osc1 D—wﬂmz
OSCILLATOR 2 NMOS TRANSMISSION GATE

PROTECTION DIODE
oy

X1 x2 o

D D Voo

............... —0.3V to 13V

Storage Temperature................—50°C to 125°C

Note: These are stress ratings only. Stresses exceeding the range specified under "Absolute Maxi-
mum Ratings” may cause substantial damage to the device. Functional operation of this device
at other condilions beyond those listed in the specification is not implied and prolonged expo-

sure to extreme conditions may affect device reliability.
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\ HT12A/HT12E
- Electrical Characteristics
HT12A Ta=25°C
Test Conditions
Symbol Parameter Min. | Typ. | Max. | Unit
VDD Conditions
Vop Operating Voltage — — 24 3 5 v
av e 0.1 1 771
Istn Standby Current Oscillator stops
5V — 0.1 1 HA
3V Noload — 200 | 400 pA
Inp Operating Current _“
5v |fosc=455kHz — | 400 | 800 | pa
Vor=0.9Vpp (Scurce) -1 -16 — mA
Ipour | Output Drive Current 5V OR DD
V01.=0.1Vpp (Sink) 2 3.2 — mA
Vm *H" I.nput Voltage —_ —_ O.BVDD — VDD \'4
A “L” lnput Voltage P — 0 — |02Vpp| V
D8-D11 Pull-high -
Rpara Resistance 5V |Vpara=0V — 150 | 300 | ko
HT12E Ta=25°C
Test Conditions
Symbol Parameter Min. | Typ. | Max. | Unit
VYoo Conditions
Vop Operating Voltage — — 24 5 12 v
3v — 0.1 1 pA
Iste Standby Current Oscillator stops
12v — 2 4 pA
3V INoload — 40 80 HA
Ip; erating Current
> |Op g 12v ; fosc=3kHz — | 150 | 300 | pa
V0H=O.9VDD (SO'I].TCQ) -1 -1.6 — 'lTl.A
Ipour | Output Drive Current 5V
' V1.=0.1Vpp (Sink} 1 1.6 — mA
Vm "H" Input Voltage — 0.8Vpp, — Voo v
V]L "L" Input Voltage —_— -— 0 —_— 0-2VDD v
losc Oscillator Frequency 5V |Rgogc=1.IMO — 3 — kHz
Rrg | TE Pull-high Resistance | 5V | Vig=0V — 15 3 | MQ
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Functional Description

HT12A/HT12E

Operation

The 2'2 geries of encoders begin a 4-word transmission cycle upon receipt of a transmission enable
{TE for the HT12E or D8~D11 for the HT12A, active low). This cycle will repeat itself as long as the
transmission enable (TE or D8~D11) is held low. Once the transmission enable returns high the en-
coder output completes its final cycle and then stops as shown below.

% | N L

~#{ |4 <1 word
Encodor
DouT . L
- 4words g je—- guﬂf‘mﬁfy —wle— dwords —p
Trensmission timing for the HT12E
D8~Dt1 I J
Kay-in
- [ <1word
""l [ word e Transmitted —» |&- 1 word

Contnuousty

Transmission timing for the HT12A (L/MB=Floating or VDD)

Da-D11
Kagy-in l _J {all dta=1}
- ja~ <1 word | 7 words -
Encoder
DouT |
i b 7 worss 3] e dopamited el fe- 1wod

1 word (all data=1)

Transmission timing for the HT12A (L/MB=V55)

6 April 11, 2000
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HT12A/HT12E

Information word

' L/MB=1 the device is in the latch mode (for use with the latch type of data decoders). When the trans-
mission enable is removed during a transmission, the DOUT pin cutputs a complete word and then
stops. On the other hand, if L/MB=0 the device is in the momentary mode (for use with the momentary
type of data decoders). When the transmission enable is removed during a transmission, the DOUT
outppts a complete word and then adds 7 words all with the "1 data code.

An information word consists of 4 perieds as illusirated below.

\
Y

0000

207

Address/data waveform

4——  piol period (12 bits}

— - 173 bit sync. period

- adidress code perod

Compeosition of information

S

Each programmahle address/data pin can be externally set to one of the following two logic states as

= [UUUHIUrUyyuuuuduL

shown below.

s

*One*
Data Bi\[

~Zemo® =

"Ona”
Address Bit [

“Zem®

:

M

ow | [T
—J -]

L

Address/
Data Bit

L

Address/Data bit waveform for the HT12E

772 ///////,////z/// L

Addresg/Data bit waveform for the HT12A
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HOLTEKY ‘ HT12A/HT12E

The address/data bits of the HT12A are transmitied with a 38kHz carrier for infrared remote con-
troller flexihility.

Address/data programming {preset)

The status of each address/data pin can be individually pre-set to logic "high” or "low". If a tranamis-
sion-enable signal is applied, the epcoder scans and transmits the status of the 12 bits of ad-

dress/data serially in the order A0 to ADI11 for the HT12E encoder and A0 to D11 for the HT12A
encoder.

During information transmission these bits are transmitted with a preceding synchronization bit. If
the trigger sipnal is not applied, the chip enters the standby mode and consumes a reduced carrent of
less than 1pA for a supply voltage of 5V,

Usnal applications preset the address pins with individual security codes using DIP switcbes or PCB
wiring, while the data is selected by push buttons or electronic switches.

The following figure shows an application using the HT12E:

™M

0sCt  0scz

Transmission

DOUT ™ e dium

[HHH

The transmitted information is as shown:

Pilot | A0 Al A2 A3 A4 A5 A6 A7 | ADSB | AD9 [ AD10 | ADil
&

Syne. 1 0

AT ¥

b
R

ADS AD9 AD10 AD11

Voo

1 0 0 0 i i 1 1 1 0

8 April 11, 2000
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Address/Data sequence

The following provides the address/data sequence table for various models of the 212 geries of
encoders. The correct device should be selected according to the individual address and data require-
ments.

Address/Data Bits
Part No. Y-
0 1 2 3 4 . 5 6 7 8 9 10 11
HT12A Al Al A2 A3 A i A5 A8 A7 D8 D9 | D10 | D11
HT12E AD Al A2 A3 Ad Ab AB A7 | AD8 { AD9 |AD10|ADi11

Transmission enable

For the HT12E enceders, transmission is enabled by applying a low signal to the TE pin. For the
HT12A encoders, transmission is enabled by applying a low signal to one of the data pins D8-D11.
Two erronecus HT12E application circuits

The HT12E must follow closely the application circuits provided by Hollek (see the “Application cir-
cuits™).

* Error: ADB~ADI11 pins input voltage > Vpp+0.3V

T
% 0s8C1 AD11

TE AD10
V8S ADS
ADS [ Py
> < dodoge
L W RCR |
HT12E

9 April 11, 2000




HOLTEKY ‘ HT12A/HT12E

* Error: The IC's power source is activated by pins AD8~AD11

{ 05C2 vDD '
L—{ OSC1 ADH1 }— ihAJ

12y

MA—
JE AD10 AM—e
VSS AD9 AMN—
ADB - AAN
HT12E
Fiowchart
* HT12A * HT12E

Dala enabla?

Yeas

r
Data with carmiar
serial output

4 data words
transmitted
contimagusty

| T

A
Send "17 7 times for
all of the data codes

Send the
lasi code

-

Note; D8-~D11 are transmission enables of the HT12A.
TE it the transmission enable of the HT12E.

10 April 11, 2000
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HDLTEK#

Oscillator frequency vs supply voltage

(Scate}

Roac {Q)

13 Voo (¥ DC)

1 12

10

-~

The recommended oscillator frequency is {ggcp {(decoder}

-
[
=T ']
§ T
<4
EE
~ 3
L 8
0....1
Pl

3

April 11, 2000
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HT12A/HT12E

Application Circuits

Voo 1000
18
vDD 8050
17 10k
DOUT

PELY i S |

Do 2o

Do 11 ﬂ
vss opsfo 47 o
HT12A i«

Note: Typical infrared diode: EL-1L2 (KODENSHI1 CORP.)
Typical RF transmitter: JR-220 (JUWA CORP.)

12

»’
Voo
—o~o—r0  vDD[i8
- o~o-2]Aa1  pouT{T
b o~o—31A2  OsCi1jiE
| 5~o-4) 15 Roe

A3 0sCc2

W NN ¥ TE{A 3
b—o~o—8] A5 AD11 |13 g

HT12E

+—o~o-Li a6 ap1o[2 g
o028 A7 apol §

vss  apsfls
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Holtek Semiconductor Ine. (Headquarters)
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Holtek Semiconductor Ine. (Taipei Office)
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Tel: 886-2-2782-9635

Fax: 886-2-2782-9636
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The information appearing in this Data Sheet is believed to be accurate at the time of publication. However, Holtek
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HOLTEK

2'? Series of Decoders

Features

Operating voltage: 2.4V~12V

Low power and high noise immunity CMOS
technolegy

Low standby current

Capable of decoding&2 bits of information
Pair with Holtek's 2 series of encoders
Binary address setting

Received codes are checked 3 times

Applications

* Burglar alarm system

+ Smoke and fire alarm system
* (Garage door controllers

* Car door controllers

General Description

The 2'Z decoders are a series of CMOS LSlIs for
remote control system applications. They are
paired with Holtek's 2~ series of encoders (re-
fer to the encoder/decoder cross reference ta-
ble). For proper operalion, a pair of
encoder/decoder with the same number of ad-
dresses and data format should be chosen,

The decoders receive serial addresses and data
from a programmed 2 ° series of encoders that
are transmitted by a carrier using an RF or an
IR transmission medium, They compare the se-
rial input data three times continuously with

Selection Table

¢ Address/Data number combination
- HT12D: 8 address bils and 4 data bits
- HT12F: 12 address bits only

s Built-in oscillator needs only 5% resistor

« Valid transmission indicator

* Easy interface with an RF or an infrared
transmission medium

+ Minimal external components

Car alarm system

Security system

Cordless telephones

Other remote control systems

” & & @

their local addresses. 1f no error or unmatched
codes are found, the input data codes are de-
coded and then transferred to the output pins.
The VT pin also goes high to indicate a valid
transmission.

The 2'2 series of decoders are capabhle of decod-
ing informations that consist of N bits of ad-
dress and 12-N bits of data. Of this series, the
HT12D is arranged to provide 8 address bils
and 4 data bits, and HT12F is used to decode 12
bits of address information,

Functi dres Data
cHon Ad s VT | Oscillator Trigger Package
Part No. No. No. | Type
HT12D 8 4 L v | RC oscillator | DIN active "Hi" | 18 DIP/20 SOP
HTI12F 12 (] — v |RC oscillator | DIN active “Hi” | 18 DIP/20 SOP

Notes: Data type: L stands for latch type data output.
VT can be used as a momentary data output.
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2" Series of Decoders

Block Diagram

0sci
)

0S5C2
O

DIN (

3
. ] Oscillator ]-—.l Divlvidar l_—-:

Address

vDD VSS

T o I: Latch Gircult I Data
] Butter | ${pata Detector]- I
ol B !
ISync. Delector] cornparahr]"""'l COmparatoTI IEonlm! Logicl
T F
k4 v y
Transmission Gate Circuit Buffer VT
=4

Note: The address/data pins are available in various combinations (see the address/data table).

Pin Assignment

B-Address
4-Data
adt ™~ 1sh
a2 w0
azr]3 1sh
IYYal) 1sh
A5 147
AsCl6 1h
as 7 1zh
ardle 1p
vssr]e wh
HT12D
-18 DIP

8-Acdress 12-Address 12-Address

4-Data 0-Data 0-Data

net]r ~ 20fNc o ner]r ~ 2pnc
VDD A2 19 [voo A0 181 vOD A0Cl2 19[3von
VT A3 wHavrY A1 2 1770QVT AatCls 18 [OvVT
0SCt  A2[]a 17o0sct  A2[]3 16[Josct  Azfa 17Posc
0sC2  A3[fds 16f10sc2 A3+ 1516sc2 Aix0s t6[Josce
OIN a4 s 153 DIN A5 14[1DIN MOs 157 DIN
Dt1 AsC]7 143011 ascle 13[1A11 asC]7 1A
Dto ASEC] 8 131010 AT 12 A10 ASC]8 13JA10
D9 AT9 12{009 AT[S 11[1A9 ATo 1200A9
pe  vssO1o 1Mpos  vssge 103 A8 vss[]10 11 [As

HT12D HT12F HT12F
— 20 SOP -18 DIP -20S0OP
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Pin Description

Pin Name | 1/0 Cj:::l::?:n Description
NMOS . .
A0~AlL I ngr’l}g SION %Z;tci?sbéhexﬁmigt tAol\]}];e[;t;:%SS.
D8-Dil | O | CMOSOUT |Outputdata pins
DIN 1 CMOS IN Serial data input pin
VT 0 | CMOSOUT |Valid transmission, active high
0sc1 1 | OSCILLATOR |Oscillator input pin
0SC2 0 | OSCILLATOR |Oscillator output pin
VSS I — Negative pov-v:r supply (GNI})
vDD I — Positive power supply

Approximate internal connection circuits

mr:gn?gsmn CMOS OUT CMOS N OSCILLATOR

GATE

Absolute Maximum Ratings

Supply Voltage...cccvvrerrerereennanees —0.3V 10 13V Storage Temperature................. ~50°C to 125°C
Input Voltage......coooeenen.. Vgg~0.3 to Vpp+0.3V Operating Temperature .............. —20°C to 715°C

Note: These are stress ratings only. Stresses exceeding Lhe range specified under "Absolute Maxi-
mum Ratings” may cause substantial damage to the device. Functional operation of this de-
vice at other conditiens beyond those listed in the specification is not implied and prolonged
exposure Lo extreme conditions may affect device reliahility.
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HOLTEK# 2'? Series of Decoders

Electrical Characteristics Ta=25°C
Symbol Parameter Test Conditions Min. | Typ- | Max. | Unit
Voo Conditions
Voo Operating Voltage — — 24 5 12 v
5V — 0.1 uA
Iste Standby Current Oscillator staps
12v — 2 4 pA
Ipp Ovperating Current 5V No load — 200 400 pA
fose=150kHz
N e R L
gz:e On:‘:pn‘;'ﬁ;‘l’}‘) 5V | VoL=0.5V 1 16| — | ma
- VT Qutput Souree Current sv HYQH=4.5V -1 -1.6 — mA
VF Output Sink Current Vopo=0.5V 1 1.6 — mA
Via "H" Input Voltage 5V — 35 —_ 5 v
Vi "L" Input Voltage 5V — 0 — \'
fosc | Oscillator Frequency 5V | Roge=b1kD2 — 1150 | — | kHz
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HaLTEK#

2"? Series of Decoders

Functional Description

Operation

The P series ol decoders provides various com-
binations of addresses and data pin?ain differ-
ent packages so as to pair with the 2™ series of
encoders.

The decoders receive data that are transmitted
by an encoder and interpret the first N bits of
code period as addresses and the last 12-N bits
as data, where N is the address code number. A
signal on the DIN pin activates the oscillator
which in turn decodes the incoming address
and data. The decoders will then check the re-
ceived address three times continuously. If the
received address codes ail mateh the contents of
the decoder's local address, the 12-N bits of
data are decoded to activate the output pins
and the VT pin is set high to indicate a valid
transmission. This will 1ast unless the address
code is incorrect or no signal is received.

The output of the VT pin is high only when the
transmission is valid. Otherwise it is always
low.

Output type

Of the 212 series of decoders, the HT12F has no
data output pin but its VT pin can be used as a
momentary data cutput. The HT12D, on the
other hand, provides 4 latech type data pins
whose data remain unchanged until new data
are received.

Part (Data Address|Output |Operating
No. |Pins| Pins Type Voliage

HT12D| 4 8 Latch | 2.4V~12V

HT12F| O 12 -— 2.4V~12V

Flowchart

The oscillator is disabled in the standby state
and activated when a logic "high” signal applies
to the DIN pin. That is to say, the DIN should be
kept low if there is no signal input.

Ll
v

Disable VT &
Code in ? ignore the rest of
this word
Yas

Latch data
to output &
activate VT

Address or
data error ?
Yes
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HDLTEK# 2'"? Series of Decoders

Decoder timing

Entoder
Trensmission | | l I l
Enable
= 4~ < 1 word
Encoder
oouT | I l

4~ 4 words —p] ~— &’?‘u}:ﬂm —pje— 4 words —p|
> 2 clocks

. s 2* clocks
Decoder VT ——I l_
[ check — o~ check -—p
Lalched N
Date Out /( X

Encoder/Decader cross reference table

Package
Part ;:_s Data Pins | Address Pins | VT | Pair Encoder | Encoder Decoder
DIP | SOP | DIP | SOP
HT12A 18 | 20
HT12D 4 8 v 18 20
HT12E 18 20
HT12A 18 20
HTI12F 0 12 + 18 20
HT12E 18 20

Address/Data sequence

The following table provides address/data sequence for various models of the 92'? series of decoders. A
correct device should be chosen according to the requirements of the individual addresses and data.

Address/Data Bits

3 1 4516 | 7|89 10]n
A3 | A4 | A5 | A6 | A7 | D8 | D9 | D10 | D11
A3 A9

A4 | A5 | A6 | AT | A8 A10 | All

Part No.

2
HT12D AD Al A2
HTI12F AD Al A2
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2'? Series of Decoders

{Scale)

fosc

Oscillator frequency vs supply voltage

HDLTE(#

13 VDO (Vv DC)

12

0
&80 fOSGE (HTI'ZE encoder)
fosce (HT'12A encoder)

i | ey
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]
i
1
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| 1 1 ( 1 t 1
i ' ¢ ! 1 ' t '
+ l i 1 i 1 i I
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~ 0 o3 o~ ~ - - o o
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The recommended oscillator frequency is lpgop (decoder)
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HDLTEK# 2" Series of Decoders

Application Circuits

A
=y s o |

~o-ag voot& L VDD ﬁ
o2 a1 vitl o Al vitlo
~o-3a2  osc1p® a2 osci1pe
ROSC ROSC I
~o-Haz  oscafS a3 oscal'®
>~o—21 a4 ] L A4 oiINPA
~~o=2las p11 b2 AS FYT] LN
~o-as p1oplo A8 atcjil_g
A7 ool o A7 a5
VSS o}l vsSs as]10_g
HT12D HT12F

Notes: Typical infrared receiver: PIC-12043T/P1C-12043S (KODESHI CORP.)
or LTM9052 (LITEON CORP.)

Typical RF receiver: JR-200 (JUWA CORP.)
RE-99 (MING MICROSYSTEM, U.S.A)
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Holtek Semiconductor Ine. (Hesdgquarters)

No.3 Creation Rd. I, Science-based Industrial Park, Hsincho, Taiwan, R.O.C.
Tel; 886-3-563-1999

Fax: B86-3-563-1189

Holtek Semiconductor Ine. (Taipei Office)

11F, No.576, Sec.T Chung Hsiao E. Rd., Taipei, Taiwan, R.O.C.
Tel: B86-2-2782-9635

Fax: 886-2-2782-9636

Fax: B86-2-2782-7128 (International sales hotline)

Holteh Semiconductor (Hong Eong) Lid.

RM.711, Tower 2, Cheung Sha Wan Plaza, 833 Cheung Sha Wan Rd., Kewloun, Hong Kong
Tel: 852.2-745-8288

Fax: 852-2-742-8657

Holtek Semiconductor (Shanghai) Ltd.

7th Floor, Building 2, No.889, Yi Shan Road, Shanghai, China
Tel:021-6485-6560

Fax:021-6485-0313

Holmate Technology Corp.

485631 Warm Springs Boulevard, Suile 413, Fremont, CA 94539
Tel: 510-252-9880

Fax: 510-252-9885

Copyright © 1999 by HOLTEK SEMICONDUCTOR INC.

The information appearing in this Data Sheet iz believed to be accurale at the ime of publication. However, Hollek
asgumes no responsibility arising from the use of the specifications described. The applicationa mentioned herein are
used solely for the purpose of illustration and Holtek makes no warranty or representation that such applications
will be suitable without further modification, nor recommends the use of its products for application that may pres-
ent a risk to human life due Lo mal fanction or otherwise. Holtek reserves the right to alter its products without prior
notification. For the most up-to-date information, please visit our web sile at http:/www holtek com. tw.
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INTEGRATED
CRCWUITS

= UNITRODE

Push-Pull Four Channel Driver

FEATURES

s+  Qutput Current 1A Per Channel (600mA
for L 223D)

¢ Peak Output Current 2A Per Channel
(1.2A for L293D)

» Inhibit Facility

« High Noise Immunity

* Separate Logic Supply

s Over-Temperature Protection

DESCRIPTION

The L293 and L293D are quad push-pult drivers capable of délivering
output currents to 1A or 600mA per channe! respectively. Each channel
is controlled by a TTL-compatible logic input and each pair of drivers (a
full bridge) is equipped with an inhibit input which turns off alt four tran-
sistors. A separate supply input is provided for the logic so that it may

be run off a lower voltage to reduce dissipation.

Additionally the L293D includes the output clamping diodes within the

IC for complete interfacing with inductive loads.

Both devices are available in 16-pin Batwing D!P packages. They are

also available in Power SOIC and Hermetic DL packages.

TRUTH TABLE Cotector Supply Votogo, Ve, s oy
& upply L=
ch:ﬁ " Vi vo Logic SUppPly VORBGE, VSS .. . - .- .o v 36V
(ea nnei) Input Voltage, Vi . .. .. .. e e v
H H H Inhibit Voltage, VINH. .. . ... oot e v
L H L Peak Qutput Current {Non-Repetitive), lout (L293) .............. 2A
H L X" BOUT (L293D) . - e et et e e e e ee e et 1.2A
L L X Total Power Dissipation
*Relative fo the considerad channel at Tground-pins = 80°C, N Batwing pkg, (Note) .. ............. 5w
**High output impedence Storage and Junction Temperature, Tsig, Ty . ......... -40 to +150°C
Note-:Consult packaging section of Databook for thermal imitations and
considerations of packages.
BLOCK DIAGRAM
VSS 1.293
j__prommmmmnne -
g7 i1 16 |
On; | 0
K] "_K]:L 13 ( 14|
= 4 13— -
(( w'[:—"i 5 12 i—::_:
= iy =
' < ! i !
= | duri? 101§ ‘
; 9 | 1
1—{_3 ________ SR i i
t . -
vC

Note: Quiput diodes are intemal in (293D.
8/94
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L293D
QQNNECTION DIAGRAMS
DIL-18 (TOP VIEW) SOIC-28 {TOP VIEW)
N Package, SP Package DWP Package
~ cHw weeaiT 11 ~ ves
cHip eIt [1] 16] vss meur 1[E A ppuT 4
mpuT 1 [2] 15} mPuT 4 ouTPUT 1[3] QUTPUT 4
ouTPUT 1[3] [14] oUTPUT 4 : nic (3] N/G
anp [4] 13] aND wrc [ we
o [5] 2] GND wic (€] AN/C
ouTPUT 2 [G] 11] ouTPUT 3 awo {1] g3 ono
GND [&] 21 GND
wpuT 2 (7] [10] INPUT 2
ano [3] GND
ve [8] (9] cHiP INHIBIT 2 we ol e
nre i) hej nrc
ouTPUT 2 {12 OUTPUT 3
MNPUT 2 {18 18] ePuT 23
ve CHIP TNHIBIT 2

ELECTRICAL CHARACTISTICS: (For each channel, Vo= 24V, Vas = 5V, Tama = 25°C, unless otherwise specified; Ta = TJ)

PARAMETER SYMBOL TEST CONDITION " |MIN. | TYP. | MAX. [UNITS
Collector Supply Voltage Ve . 35 v
Logic Supply Voltage ’ Vss i 45 36 v
Callector Supply Current kc Vi=L lo=0,ViNH=H 2 mA
Vi=H, lo=0, Vinu=H 16 24 mA
VINH =L 4 mA
Total Quiescent Logic Suppty Cumrent Iss VisL jo=0,VinH=H 44 60 mA
Vi=H, l0=0,ViINnn=H 16 22 mA
VINH = L 16 24 mA
Input Low Voltage viL 0.3 15 | v
input High Voltage ViH Vsss7V 23 Vss | V
Vss 27V 23 7 v
Low Voltage input Current I Vi=0ov -10 pA
High Voltage Input Current hH Vi=45v 30 100 3 pA
Inhibit Low Voltage ViNH, L -0.3 1.5 Vv
Inhibit High Voltage VINHH  [VSSSTV 23 Vss v
Vss >7V 2.3 7 A
Low Voltage inhibit Cument ) VINH, L -30 100 | uA
High Volitage Inhibit Current ViNH, H : 10 BA
Source Output Saturation Voltage Vcesatd |10 = -1A {-0.6A for L293D) 14 1.8 \'4
Sink Qutput Saturation Voltage Vcesstt |lo = 1A {0.6A for L 293D} 12 1.8 \
Clamp Dicde Forward Voltage (1.293D only) VF IF = 0.6A 1.3 v
Rise Time TR 0.1 t0 0.8 Vo (See Figure 1) 100 ns
Fall Time TF 0.9 to 0.1 Vo (See Figure 1) 350 ns
Turn-on Delay Ton 0. § Vito 0.5 Vo (See Figure 1) 750 ns
Turn-off Delay TOFF 0.5 V110 0.5 VO {Ses Figure 1) 200 ns
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L293D
SCHEMATIC DIAGRAM
® ¢
APPLICATION INFORMATION
Ven24V ve=2av 1 1 [ |
\ VisLow Vss=merr=5vvc¥—‘vcEm H
0.5Vi AR — 50 — VamHigh =g 25 l l
vi N < 48 - ool /
= 48 o 15 f /.7125."0——
0.9Vo 44 > Canbl |
°§¥v° 3 ) 10 iw;c
Vo 4
5 /[ Tawe=25¢
ta 40 0
toer VCEsat L
o w® 20 30 1 15 2z 25
_ Vss - (V) Vi - (V)
Figure 1: Switching Times Figure 2: Quilescent Logic Supply Flgure 3: Qutput Voltage vs
Current vs Logic Supply Yoltage Input Voltage
T T ¥ T T T T T I l
 Ve=24v | | | ve-2av| | | Ve-24V
VINHIBIT=Vs525V 3 VINHIBITa V35V 3 VINHIBIT=Vss=5V
< 3 Z lo=1.5A >
T2 I T 2] r:_,//li”{ L2
g VCEsat H /; T ""9'.= | 1 —1 To=15A
w L~ S lo=0.5A i 1 To=1A
gy L1 VCEsat L > 1 = o 114 >
— — 1] > —~——{—_To=0.5A
= lo=0.1A l0=0.1A
0 L] 0 L
0 05 t 15 -50 0 50 100 -50 0 50 o0
o - (A) TAMB - ("C) TAMB - (*C)

Figure 4; L293 Saturation vs
Output Currrent

Figure 5: L293 Source Saturation vs

Amblent Temperature

NOTE: For 1L.293D curves, multiply output cumrent by 0.6.

Figure 6: L293 Sink Saturation
Voltege vs Amblent Temperature
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L293D
APPLICATION INFORMATION (Cont.)
Ve _ +Vec O
SES5001 2 x SEBS3001
)sessom 1
A B g =
?10 1 ?15 =14
——(16 J+Vss 6
8 6 l l — Qs Vss
vz 1288 —-g—ov-n 172 L203 1
N O vem
=L 4.5,12,13 X X-X5)
Figure 7: DC Motor Controls {with Connection to Figure 8: Bidirectional DC Motor Controd
Ground and to Supply Voltage)
Vmn! A M1 B M2 INPUTS FUNCTION
H H Fast Motor Stop | H Run. C=H:D=L Tum Right
H L Run L Fast Motor Stop VINH =H| C=L,D=H Tum Left
L X Free Running X Free Running C=D Fast Motor Stop
Motor St Motor S Fres Running Motor
* = VINH=L | C=X;D=X sop
L=Low H=High X=DontCare
L=Low H=High X=0Don'tCare
IL1/IL2 = 300mA

0.22uF |

+VCO—e

[ -

C1

Dé

1293

D1 - D8 = SES5001

Figure 9: Bipolar Stepping Motor Control
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