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Abstract

This thesis concerns design and development of robot arm controlled by video cameras. The
robot arm is able to classify the matching objects. The video cameras will capture the scene and
transfer the information to be operated by the computer. The computer will sort out the matching
objects and calculate the destination. Then it will send the command code via serial port to

microcontroller for controlling the operation of servo motor to pick up the objects.
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NBIADYNINYBY PC DBY #(Male) naz nasaeyniuveigiiniainious DB AauiluFemale)



i

L =T B - Y 7. T - U T 6 ]

2.2.2 M3dav) veaneunined eynuuy DBY uazwhiimsl¥numeg

T B e
F

— —=
00000 i

, O
b s eans s

w4

719 2.5 MMWYBIDBY AR tifouBINAATUNAY

Description
Data Carrier Detect (DCD)
Received Data (RXD)
Transmitted Data (TXD)
Data Terminal Ready (DTR)
Signal Ground (GND)

Data Set Ready (DSR)
Request To Send (RTS)
Clear to Send (CTS)

Ring Indicator (RI)

Type
Input
Input
Output
Output
Input
Input
Output
Input
Input

2.2.3 maiveusisginsaimeavenitiiuneuiiameiduma DBY

3 TXD XD 3
2 RXD RXD 2
7 RTS RIS 7
8 CIS C1s 8
4 DTR ; DTR 4
6 DSH DSR 6
9 GNB======0ND §

& ] o 1
Mi¥euAsgnIain1eUBnNHIU DBY 1YY Null modem

M &= 0~NN W

TXD TXD 3
RXD RXD 2
RTS RTS 7
CTS CTs 8
DTR DTR 4
DSR DSR 6
GND GND 5

msAoginsainteuendu DBY uuw 3 1y



2.2.4 MINMNUYBINTYY 1 DBI

XD iuniilfdedoyn
RXD fhuniil$sudeya
DTR uaasanzneiaiuilalénu DSR asreneuimoia fiaanedas dneguiel

- iiiniilaweineynsy 1 DTR 9z ON tite Igunsal1dTumshdesnasdeda

- Tuvaizi@oafufiezastvasu DSR higinsaindeunie WiRTS uansannznesaidents
dedloyn ,CTS asnapuimeiniiadesy Kesmadedoyanioli

- dlodoemsdadioyov) RTS 9 ON linsezdedoyneeniivi TXD edundefies OFF

- luvazRedufivzasireun cTs gilnsaifesnsiiszdedoyanie hiGND 41 ground

2.2.5 SeAUARINYI1VEI RS232

sefvdanaves RS232
\'4
+15

-15

s=audganasay TTL
Y

+5
1 0
0 . >

311 2.6 amuaaszAURYYIULLIY RS-232 wasuuy TTL

Fygnasunniifaiy Tumehdayana dnsefiussiuiivuan dedeusuniim! - etlesiu
doygnasunni sweenuuunsedu vesTadn “” duau fioaglusas -3v 83 -15V iy
voeladn “0” ogluaaa +3v B +15V uazmgil szudayane ves RS232 aglusa +15v e -
15v fifte Iremedygne I nadudnfudsirdiuszdesdiassnBousedussiuves

RS232 yuilussAuns sduves TTL
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2.2.6 SN IdI¥0YD (Baud rate)

AemmiFvesmsiu-dedaya dusnuiindeTuriin 300, 1,200, 2,400, 4,800,
9,600,14,400 ,19,200, 38,400 ,56,000 (Hudy

o 1 ; o -} ar
madensanimsdedayatiuegiu vilavesmedggna, szezniianhinadygasuniy

4
22.7 pluvumsdeeisuuueyniu
fidedueg 2 uuy AsuuudaInnie (Synchronous) taziULBE 4 TA31TE(Asynchronous)

ms3 é pasuLIuE Ingvie {(Synchronous)
@ 1y = o = é ﬂ @ 9 I ] [ ' =)
-msfudedoyn ssiidggannim Sulludaimua Sanznar mydefeyadawegdwdndu
A 1 Gy L3 * 1 1
wita l¥gfudgyopadoya detrusu nisdidgygnuninfiduesa

PN S NS Yk Y T N

1|_n_i1]:n

11 2.7 nmuamagluvudeyauuug Ingnia

PO Py
e = = - -

asdeaauuesda lasiin (Asynchronous)
- myueiedoyn Taoi bisudufedidygnannimsudisude 191 dwnsdasy fidads
Foyafiriiu
puvudeyauuwerdalanin Uszneudan 4 daufe
1. fimi3udu (Start bit) Tvutal fin
2. finfoya (Data) i 5,6,7 nie 8 Ia
3. ﬁﬂﬂi’liﬂﬂﬂﬂﬁﬁr(hﬁty bit) fivuna 1 danTe il

4. 1ianga (Stop bit) Hvuna 1, 1.5, 2 1
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1 2 3 4 5 6 7 8 CIE ' SRR D I 7
1 1 1 [} 1 1 (] ] i [ 4 t 1]
----- 1 : t 5 1 : 1 [} 1 : ] 3 (]
_I 10 1 0 1o 0 1 0 1
WAIT STAGE Esmgri DO :+ D1 : D2 : D3 E D4 + D5 + D§ « D7 Ep;_\_ﬂg]'\r': STOP 1 STOP '
VBT ' ' ‘ ' : : ‘ ‘ ¢ BIT1 ; BIT2 4

e DATA » 1152

114 2.8 mmurasgrfuuudesyanuuesda Insiia

- ilehifimadedoyn ¥1 data seilannuziiiulain "1° ude AOTUTNYATO (Waiting stage)
- dodududsdoynss I data fhuTadn "or ihudwau 1 fia Gondrliadudu (st bio
- smbudszdududadoyn TnedadindiTinew @ sB)
- udmudon3atia (eeiiviohinld i‘fuﬂﬁﬁumiﬁﬂﬁfﬁ‘l venhizesihe)
- qavhomudaalnin 1" adtees 1 Ba (Huna 1, 1.5, vie 2 iin) ideusarhaugadeyn
mssunazdifoyauuvoynsuduniesmudavazmsldauid 3 wunde
1). wundumand (Simplex) thimide wisfudoya uuvfimmaion winfu
2). tuumdngwans’ (Half Duplex) iumsdauns fudoyanvuaduiu Aedlodnmilidedn
dnmitaihuthoiy aduiu hisnnsofu-dolunanfivain1d
3). wuurggmand (Full Duplex) aniadu-dudoynlunanfeidull
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2.3 Tulnsneulnsnes MCs-51

dwmiuTimsedredygnu Puse A miunluRUAIINILYB DC SERVO MOTOR Y
anmon ldvawis -i‘fung'ﬁumnﬁnmsﬁuu'lﬂsuﬂiwmuﬁ'nzﬂu wu n5 1 mIminenm
Tums SET 1oz RESET a0 z¥eadQygadi Port Pin w0 CPU e 1 14T gt Pulse mush
nariidmua BT sunsu 13901914 Timer dmSwhmsiunanfieatuiiuainidves
Hoyael PulsemABan15uAT MY CPU tue7 PSOCSIRD2 w04 Philips 138 T8OCS1RD2 ¥84
ATMEL 1 sziivsdmivaiedygra PWM ussyPnwluds cpu dseguda

P37RD
XTALZ

P23:ADH
P22/AD10

ptor2 4 2o wee
P1.4T2EX )2 391] Po.O/ADD
pizec 2 3811 Po.v/ADY
P1.3CEXO 34 37 ] PO.2/AD2
PLACEX1 s 36[] PO3IAD3
PisiCEx2 fle 3 [y PO4ADA
pr.e/cexs 7 34 [} POSADS
P1.7CEX4 [f® 34} PoGADE
rst o 2 [} Po7iADT
P3.ORxD 10 M ER
pamofin  PDL xof aerros
P32/ 12 29 [ PSER
PRINTY g3 [} P27iAD15
Pa4rme 14 27 [ P2 8D
p3 574 015 2 [ P25iAD1
P3sWR fl16 25 [} P24/AD12
24 ;
21
2
2

510 2.9 uermams§avId g aives PRICSIRD2/TSOCSIRD2

J P2.1/ADS

] P2.5iADS
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#3m3142493 Pulse Width Modulation w3 PWM tumsadnadygna iteniuguas
¥iju83 DC SERVO MOTOR 1 Trhihidiasuazumeiideunziilssingavanniige
diannansesanugiointumsfon libunsuieafaihudygna puse W&ithiednn
uaz CPUeafies hideaggudonenlums hilszanmifed namiiaar Tunrsaaugs Port Pin
ieataninlWgenn ilsssnszvueiand pwM i e ihnsdmusmen Wiy
Femaed Tuds 2393 PWM fszrmnsoadudygna PwM senmin Redndaiiios Tashisunau
mstheaniuesCPU dnime udilademsuifovnlasmamiaviernunawes PwM Ao
mafmuamiAfTsamedImivinfu deszdhuldihmsldases pwm Tumsadradgen Pulse
tﬁamuqnmsv'mmvamamaﬁfu annsonanugenlumstiou Tdsunsy i 1Aunme
fifes Seluitiszvounz s TEms 1S U Timer v04 PCA Tunsahadgena PWMuuy
woduvliedhiumamalsvnoums Wadsd

2.3.1 MHINIUNYBI2985 Programmable Counter Array (PCA)

2993 Programmable Counter Array 138 PCA (Hudanskudnves szu Timer Tu MCSS1
Feaevsdauil aunlsnaudaeehifioglu Tnswrdhanasgmves cru Tuassga Mcss1 waqla
#3211Un15HNYB 19993 Timer/Counter 1111 PCA ﬁ’szﬁinﬂnummmﬁqm'hnwmiﬁ 1
47UY93 Timer/Counter 3nAves MCS51 vazdaolnnnugeernves Tlsunsatunsden
CPUWaz¥waanszn1shaues CPU Taiiusdann Taosdnuaz Tnssad1evesaees PCA vy
tszneulié o 694032993 Timer/Counter 13N (PCA Timer) tazifondeiirfuisesvea
Capture/Compare (PCA Module) 11474 5 4 Taudoudefuuuuiosiidy (Amay) Hansvhan
183 PCA Module LiAinzyaazd1eBanInidinina9es PCA Counter yaieaiu nieldyminm
Tt T VU0 MEN (PCA Timer) ¥892983 PCA 1 szensont s Thsunsam3e
dmuadonTvlumsiy 18 e idhiusindggianRa pe s Tasamnsofmuald 4
wwy Tasms@andmunniniinCPs1:CPSO ves3imasd cMOD AsiiAe
- fmuslWiusinarnidideenennitni Oscillator 13 12 (w15 6 W Tiun X2)

- Amualthiunnarnddygannitnd Oscilator w13 4 (113 2 TuTnum x2)
- fimualhiuenms Overflow ¥892993 Timer0
- A iuendgnanniin npu nwweniitlon I fundygna BCT nie P12
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» » ]
AUMINNIMYBI19T PCA Module 14 5 4 1y uaaz Tugaemnsodmuamiming

vivtuvesses ledwbase Taoudas Tuga esddsorunsa Tusunsumehans Bnatoquihi
&l

- fmuabhhn1saresudyanu nput (Capture) TRogmisadenasieiu1dfedggnaiity
uumnumi‘fu (Rising Edge) 10z youyv1ad(Falling Edge)

- Aimualiiinsadudyana Output ATMNS 2 LYY High Speed Output

- Amualihimsadadeye et Pulse Width Moduration W30 PWM

- dmualyhm iy Timer thniuntudggaunmn (Software Timer)

wenwniiud Tuduvealugn PCA 1ﬂﬁ4 Y t‘faﬁmmmmmﬁmun'iﬂuqaﬁuq

\ . d .
aanfe aunsomhns iWsunsuminh 1Aty Watch-Dog Timer 1880820

I""'" 16 BITS —
MODULE & ‘———'.l IF'1.3.‘CEXO

MODULE 1 ‘-——I I P1.4CEX1
16 BITS
MODUYLE FUNCTIONS:

PcA TIMER/COUNTER >I MODULE 2 NI——-[] P15CEX2
16-BIT CAPTURE

TIME BASE FOR PCA MODULES
MODULE 3 fell———— B} P16CEX3

16-BIT TIMER
16-BIT HIGH SPEED OUTPUT MODULE 4 |tll——————— | p1.7:CEX4

8-BIT PAVM
WATCHDOG TIMER {MODULE 4 QHLY)

o o
TN 2.10 uoAIdnUASYBISTUY PCA Timer
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Tamitoaees PCA udnz Tuga gnTilunsaldtmeiuu Iput Capture e
SoftwareTimer 130 High Speed Output Y n1ThaMYBY9e3 PCA usinzya annsodedogna
Tu¥oau8ms Interrupt 10 CPU 18&20 Tnof ugaves PCA W 5 yaiies dogal Interrupt
i Felinedantsdesvents Interrupt 9 Tugayala feziidummia vector lumsudan
Interrupt fitniloudu uaglénumunsamnasvaouundsiiinveansdevents Inemupt 1§

nvinlugagalannia corx uFtames ccoN Tasdnuazamsaddognal mterrupt ¥04

- o
PCA Timer lﬁuﬁﬁﬂ I CF | CR I ]cc;4| CCF3ICCF2|CCF1 ICCFOI EXCD?
l PCA Timer/Counter k 4 f
@E a_ To interrupt
— - priority decoder
| i ] =yt AN
oA
I Moduie 3 % DLFI_
=l
Module 4
Y,
CMODD @ CCFnlCCAPMN.0 = EZ

510 2.11 uarmswnidsnsad udya e nterrupt ¥89 PCA Timer
dmFumshaees PCA e s 1m'fu wi¥dygnanin weda p1 (p1.2-P1.7) dlugaruves
Foygnalumsiha Sudelitins Tusunsumahenifusees pca udh ndyanaves
woin P1 Adsemsori T 1%anuiii taput n¥e Output waq T dasdeans ualunsdiniims
Tdsunsumsmauvenaes pca 1 widggnaveanesa P1 Aszgnatuguamsiinulasiees

»
pCaudnzya Tasansouaasiul4dsiife

MTHNINTBINIS PCA Ay nesn P
16 1iA Counter P1.2/ ECI
16 1in Moduleo P1.3/CEX0
18 1l Module1 P1.4 / CEX1
16 1lf Module2 P15/CEX2
16 1A Module3 P16/ CEX3
16 {in Module4 P1.7 / CEX4

A7 2.1 uarRInsIRassNIdggamesa P1 dmsulFusaudu pca
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2.3.2 MIINIHY8 PCA Timer
2993 PCA Timer #ailu20093%0 w1 16 fia vmiliitdmSudadgyga Ouput #18nnmaty
TldsTugaves pca s ¥4 Taev 191042393 PCA Timer Y WHANRUMINNUNA
Feamed CMOD uaz: CCON #4283 PCA Tuqnm 5 99 1T 521§ M13019102983 PCA Timer
srRafuTianun Tasn13Tuves PCA Timer 1y swMmuadnuasysadyge Input 14 4 uuy
Taoimusarmumiia CPS0:CPS1 vos3Tmass CMOD Safnuais Tnssadrausa3ees PCA Timer

L 4
vuansouaashiiviu1adagl

To PCA
modules
Fosc 12 ~——
Fosc/4 -—b| overflow I
T CH I €L ! T
Td OVF —— i
P12 =i 16 b up-down counter
l L
oo Jword | | Icpm]cpsol ECF l oy
Wie ]
| cr [ or | [ core] coref core] ccerfccro] S5O

711 2.12 uas dnwas Tnsead 199842995 PCA Timer

vingusziiu1dd dia cpst:crso vesTimans cMOD szgnlFaniswiudmivimihfiden
unasdwindggrannimdmIuilowdiu nput msfuved983 PCA Timer (CH:CL) Taoms
9149893293 PCA Timer uszdudihan 8iseidehmsdada cr 1ussmass ccon W
fisuihu «1 Tavwon1nTuuee2995 PCA Timer tht iflaiiants Overflow 91 aunsnfissaugu
W3 Overflow wparasmiuniie Idlsdygaifasvems Interrupt i cPU v inaauguves
fineCF Tuismani cMOD Taodnyeizmsuve2393 PCA Timer i szifhiessiunuudase
hignnsossihmsTlnsusnmiuldmnes 18 Taoase nanfe deiniseygialiass
PCATimer Guduthany (Fafia CR T CCON i “17) n1517un09 PCA Timer fozGuduniy
aeriteaiuhifou A nput A185Y sunheeiimsdamgansmion Taskamsiuveaness

» »
PCA Timeniy szoghiSaes CH:CL udstlsfinmusmaudmsiiuyseaees PCA Timer 1iu
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grlamemyanaw nasvesnficrnasly

sransahms hlsunsusundilunatylifinees PCA Time 18&078mamedon Tay
14301 lvvean1s0vertlow U1 Mur S28s1asu F1d83ns 12985 PCA Timer inisify
dmiam 500 afa Aenmom 18 Taonrdmuamdudu iy cr:cL &emmatugegadinan
aanﬂnﬁmfauﬂ%’hﬁﬁmnuﬁa 500 (65536-500) azezApamsimuaniiifY CH-CL unqﬂs;a

da v e o . o a *
fufinms Overflow A liisurfundan1nuves PCA Timer wzndu Eudu Inteingudiny

233 qumniifvesidmasi CMOD

dmiuidmaes cMoD Whiismaeiuina 8 iia 1¥dmsudmua Tnuanminues
PCA Timer Tao39mans cMOD Tiszda 13 ludnves SFR (Special Function Register) A UMY
upARSEDOH SelumskiSsmanidiinnnsadiae 8y Byte #2073 50131111 Direct #30

»
MISIF MU IDAIAS TYDIT S enand Tavas uioedmdsaminiy Weamnso i snmsdhdaun

sauiinld
a7 UA6 UAS _ U4 Ua3 a2 1al 150
: o3k (3 [T76Rsn 1)1y krse | | ECF
|

CIDL i WDTE
!

] d |
i | |
! } i
1

r a !

g1 2.13 uerasInseaadaues CMOD Register

-cmL luiin Counter Idie Control Wdm3unIuqums 1188 PCA Counter 1iioCPU 1
Yooy Tnualsendandasiu (idie Mode) Tufidmualifa cipL iliiduths «0~ szdhunts
Aldeu1¥2993 PCA Counter 1 1udeiitesluaasn Sasih cru svngathamudafiaw uadh
fmuatiiia CoL ifTsuihu “17 semnuds mateiutiases pea nganisiuiui e cpu
Sududin 19 1die Tnua

- WDTE luila Watchdog Timer Enable 19dmiuaiuqums 101mvesiaes Watchdogha31q
9102993 PCA Tugoiia Tnoddmualiaiiimihe 0" sxdunnilamshauves pca
Watchdog taffmunliiia woTE sty «1» sifumsdlansfnuesnss pca

Watchdog

82450
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- CPS0:CPS1 iiuiia PCA Count Pulse Select 193 miudmiudontvdavesdygia

A 9’ L LY = L i g
Input N9zaa %1995 PCA Timer iminiy Taviiguauniadaiife

cPs | cPs frycyrauiiilan iy PCA Counter
1 0

0 | 0 |Internal Clock %i%a F_,_/12 (F,, /6 1t X2 Mode)

0 1 Internal Clock %78 F.../4 (F../2 1 X2 Mode)

1 0 { N¢ Overflow 984 Timer-0

1 1 | External Clock fitlaultiiua dtynuios ECI vda P1.2 (mmﬁ'g\‘q.ﬁ
F../8) '

asc

131 2.2 urasRanAvesS Saumes CPSO:CPSI

- ECF ({luiia PCA Enable Counter Overflow Interrupt 18 m5undugunisfosvenisinterrupt
992983 PCA Taofadmualdta ECF iiiauihy «0m sxmnode MumsTansdosvems
Interrupt 9112993 PCA Timer iagfmnuial¥ila ECF st 17 szilunseyenalida cF
Tu33mans CCON Yinmis§osvams Interrupt Tila CPU iitomsvineiuves Tuga PCA Timer ifin
M3 Overflow %'u

2.3.4 gunninve3imnes CCON

d miuFtaans ccoN dhiiimasivua 8 iin 1dmTuuaasazuazauguas
Y91UUB92995 PCA Timer Iat331an7 CCON fiorda ¥ lutuvoe SER (Special Function
Register)futmisueaiasa DsH Felunmdhdsismasidaiiousadideiduuy Bye d203501
1Y DirectnIomsrduminioniasnuesismaed Taoasufoseti@oaviniy Tiannsold

Fmudhdwuvizduiald

UA7 1n6 1Uns 1ind a3 Ua2 ual A0

CF CR - CCF4 CCF3 CCEF2 CCF1 CCFO

31l 2.14 uaasInsaa319ves CCON Register



19

- CF Buiin PCA Counter Overflow Flag 1$unassaiuznisiianives PCA Counter Taedailei
auhs “17 ilomshanies PCA Counter fAn13 Overflow 3y Taedfimsfmunalida ECF Tu
Feaned cMoD fisdhe “17 1380 dleiin F dgmigaiiu «1~ exfinstesvens meempt Tl
cpu dweve Tnodeiin cF iignidaths 1" uédoninidantedahnmndei g
w0 $aoTilsunsuissotaudeainiy

- CR ifluiin PCA Counter Run Control 19w unaugun1sf 19uv8a PCA Timer Tauile

fwuntiBatinaiiu <1 seihumsdald PCA Timer Suduhon uazdefmunlidaiiin
(i “0” siflunsdanganiaf 19188 PCA Timer
- CCFx tiluiia PCA Modulex Interrupt Flag 1¥d miuuaasaoiuznisf 191uves PCAModule A

2y amriia x 19 CCFs Wirmaamiuzues Pca Tugaiia dhu ccrl Aldunasaausms
Ynawes Pea Tugait dhud deiin corx Targaialtfisuiu-- demahauveslugn
Huqarmmdoulvitdmua? uazdlotin ccrx giather idrnzdosdididaniomdos 1N
nduihs “07 FwTusunnufivsesiminiy

2.3.5 MIIUY¥83 PCA Module

293 PCA Module 11 CPU 167 P8OCSI1RD2/T89CS IRD2 szﬁaq’é’quﬁuqunuﬁ 5 gadaeiu Tae
urnzyR manseie: Tusunsumihitnsthovesudny Tuga uonesnendy 1deswdassBua
arTugaved PCA 1 ansa Tisunmmihiinsihand W nmendifidaiiae- 209552980 Input
119 16 HAuuuYeLNINY (Capture 11 Positive-Edge Trigger)
- 3393A529%U Input ¥U1A 16 TAUUUYBYIAL (Capture 111 Negative-Edge Trigger)
- 2993832991 Input VUR 16 DALLTI2¥0Y (Capture LY Positive 14 NegativeEdge Trigger)
- 29951U¥u1A 1611A (16 Bit Software Timer)
- Wesadudgygna Output Andrgaviig 161a (16 Bit High Speed Output)
- 2essad1atyg)al Pulse Width Modulation %1410 81l# (8 Bit PWM)
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Tasmsimualnuamsihiniueesases PCA min:'[uamfuez'lﬁ%maof CCAPMx 1
nsmugudsn udaz Tugn Taeiissmmnes CCAPM sziifanua s %A fib CCAPMO-CCAPM4
Taoit33mani CCAPM ynad srfiqmmniafimiloufunmisznts dowd hesvimihiilunt
AIURUNTININVEINT PCA udaz Tugamudidy Tao S3masd ccapmo fezldniunuises
pcA Tugafio dni3imans CCAPMI sz lédmSunuquamiauvesiees pca Tugaiit uae
Tl wesiRnMisimasy ccapms flerldd mivauguashavesses pea Tugaiis du
Au |

2.3.6 qumniivesidaines CCAPMx

dmiuTsmme CCAPMx tudnihiIsmmaniuin 8 ia 194 wiudenuihiimsnay
IffuTuga cra Taoissmacdil sxTiogiaufus w5 1A ABCCAPMO, CCAPM1, CCAPM2,
CCAPM3uaz CCAPM4 laonanuiinvesiimmoiudazda ssmiloutuynisenis denu
mowdazaezifdmiuaquaisfimussluge PCA Argaiu na1fe S3masd CCAPMO
fezlddmiununumsihiauees 2903 Pea Tugao Whidundiiosnnniiiimsianves
Tommedia s qm"r famvazmilousu sniuluiiiswendnosesandu Tavdraderth
CCAPMx tinu B x fezmunods Tugayatix Sail 04 thueslaoisames CCAPMx fuzéas
Tud11uD SFR (Special Function Register) arld umMiaueans e agszvs DAH-DEH
audidy Salumsdidasame i ansadite iduy Byte® 1038341 Direct H3oM3
Susumisusansavesiiamed Tavnsufivsedradvainflimmnsal§Bmaddauy

szAvinld

a7 in6 ias fin4 a3 a2 val  Uao

TOGx | PWMx ; ECCFx

N
- | ECOMx | CAPPx  CAPNx | MATx

| ;

| E

i
!
]
i
1
i

o
71 2.15 uaaa Tnsaerd13u09 CCAPMx Register
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- ECOMx i{luii Enable Comparator 1§dmiufenmsihanvesluga pea Whimihiidhy
2393 Comparator Tauddmualifiaiinauiy <1” szdlumsidlanis 1uieiducComparator
vealuga PCA ﬁqnmm]uhu‘iimﬂoﬁﬂ&uq wu drhinsdmuaifiaEcoMs vosSimaed
ccaPM4 fezitums@aniahandi$u Comparator vos PCATugafie fhudu

- CAPPx (fluiin Capture Positive Taedimualiiantmuihi «1~ sedlunisdmualifaes pca
Yin13as9dudygnal Input (Capture) ‘lwmzﬁﬁmmmnﬁmaumi‘fu(mm3 Edge)

- CAPNn tihiiia Capture Negative Taodimualiiinitiauh <7 sedumstmuaivaees
PCA Yinmasiedudgyial Input (Capture) 'lwmzﬁﬁqpmmlﬂmﬂuma4(Fa11ing Edge)

- MATa dhuiln Match W miuurasaanizmsiouvesiees Pea Taulintesgnidalifien
(i “1” dlemsihatuves Tuga Pea suudfifasefiud1ves PCA Counter

- TOGx fluiia Toggle 1¥dmiuuaasrazNIIOUYB Tuga PCA

- PWMx iluiia Pulse Width Modulation Mode 1¥dm3u deansinuvesluga pcalivh
wihiithisssadadgene pwm Taudedmual¥iafiisuii <im sxdumsdondmuald
Tuga pea fignidentmihfiadhedygin PWM eonfividogaCEXn

- ECCFx ifluiia Enable CCF Interrupt 14dmiuniugunisioase nterrupt ¥03lugarca Taod
Amualiaiisiaui < sfhuntsdsoygnaliTuga PCA Yiimis§eeuoms Interrupt 1iin

ccrx Wisdaans CCON wasluga PCA uq gadmualiiaudu<1" Hnouuds

ECOMx | CAPPx | CAPNx | MATx TOGx | PWMx | ECCFx Tvaanisviu
0 0 0 0 o 0 0 | Tbinew
X 1 Q 0 o 0 X 16 Bit Capture ﬂamn‘%u
X 0 1 0 o 0 X 16 Bit Capture 98119184
X 1 1 0 0 0 X 16 Bit Capture ;ﬁzi 298U
1 o 0 1 0 0 X 16 Bit Timer/Compare
1 0 0 1 1 o X 16 Bit High Speed Output
1 0 0 1 1 0 8 Bit PWM
1 o 0 1 X 0 X Watchdog Timer (PCA-4)

m3nd 2.3 uanamsimuamdmimden Tnuamshauvesluga pca
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snmeszitn 18 Tliga poa sy ounsess Tsunnmihiimshan e 188 s
Tnuamshafiedu fe

- 16 1t Capture uTwund] misinniveslugn PCA 124 wihiinesaszssumsiifouuasves
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Image plane Scene point
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Y,
You =k, Y, +y, = kyfz—+yo
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Taofl R ununm3Insndiumasuvssnmyusziufise uas T ununsmesnifurasmvens

R -T (3.10)
o] 1

memnsedouaums (G.9) lupluidelddudsaumit G.11) voy M AeumSnd

= oo 1 3 a o
HUSTUURNS 13N TUBNI NG

U84 Perspective Transformation

x=MX (3.11)

3.3 M35 uoundeq (Camera Calibration)

o - o aadio ] {
msfudsundoadiunawulizinunming M ningalunin 3 danidumnmiuezami
a & & < - = a
Weuvesge nminhinaminiimeimelutazwatiimeinousn ResemsiSudionTa
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y LY T -
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a | |my my my My,

(3.12)

_— N = ®

au myx+ m,y+ mjz+ my, (3.13)
ayv | = m21x+ m22y+ m23Z+ m24

o Lm:”x -+ m32y + m33z + m34
o o o o
Wnmsuesuealad i mndnd 3 dlu 1 greeldauns
u(myx+my,y+myz+my)=mx+m,y+m,z+m, (3.14)

V(M X +myu, Y+ Mz +my ) =m X+m,y+m,z+m, (3.15)
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Taoh « uaz v unuiisaTunmwesdaglundea 1 uaz 2 amddy tumsmdammnaithins
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um X =wm, X vmiX =wm| X
vmy X =wm, X vm X =wm'X
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Tauhifn T,,T, uaz T, uaaszuynidssmantoudiodumisld uuuaunu X, Y uag

Z andu uosnnnvesya lussuuTelubidion (x', ', 2, k) i
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[x' y z h]:[x y z 1]— 0 0 1 0 (4.4)
T, T, T, 1
VED
¢ » 2 Bl=|x+T, y+T, 247, 1 4.5)
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4.2.3 MINYUIAY (Rotation)
mvu Saadhuniswgisagsetunusen taeiinu #a38A unw X, ¥ wie Z Tao
mIdedantsresludnymznossensingasinia llawuuannu wmindmsudasveants
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) y
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z
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v ¥
jiM 44 mambewvunapseunnuR

4.2.4 mIazviou (Reflection)
@ - o 3 @ = A L d
mmzﬁamnqv’ﬂumsﬂz'ﬁ'auwﬂmannq‘lﬂmwnﬂwaqaﬂé’mwuwaﬁzmums
9 - a o 9 M 1 .;
azNoU XY, YZ 130 XZ 13 naveanisasneuiinae i

WM naYeINIs Az ReUAUSTUIL XY Ao

10 0 0
01 0 0
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e =lo 0 -1 o (4.12)
00 0 1

wnlasummiznng z lay z'= —z



47

WNINFYBIMIALNOUAUIZU YZ fiD

-1 0 0 O
g |0 100 -
710 001 0 )
0O 0 0 1
wilaoummieiion x Tag x'= —x
NSNBUBINMIALNBUALITZUI XZ fiD
1 0 0 0
W2 £5. )
A 0. 3140 '
AN Q7 (0 /|
snffovinwiziicn y dan y'=—p
Y.y
A
H G
b c
E F
% A 4
; X . X
H G
A g
& 4

45 asazdeuiagiussuiu Xy



48

4.2.5 M3ABY (Shearing)
- = ooy = o/ =
madeuiulSpliawiidilumsunavidanaunuyesnesunslas (uuaiuthu xuas y
) TaoduRusnuswesfidamuuuunuia ) dlunaldafidannusinuvssasamuusn
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1 0 0 0
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0 0 01
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4.2.6 MTRWAIN (Projection)
asawamiiunsulasnn niathilu 2 -158 msnenmi 2 dsaanfsuvumFudy
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4.2.6.1 PTINWATHIVUAININ (Orthographic Projections)
H aa , 4 da v
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= o ar ¥ o d
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X _x
z. z,-Z
-3 . X
Hie X =

11304

wld x',y" dufifaves P*
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4.2.7 msuwdasuuunan (Multiple Transformations)
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P89V51RD2

8-bit 80C51 5 V low power 64 kB Flash microcontroller
with 1 kB RAM

Rev. 01 — 01 March 2004 Product data

1. General description

2. Features

The P89V51RD2 is an 80C51 microcontroller with 64 kB Flash and 1024 bytes of
data RAM,

A key feature of the P89V51RD2 is its X2 mode option. The design engineer can
choose to run the application with the conventional 80C51 clock rate (12 clocks per
machine cycle) or select the X2 mode (6 clocks per machine cycle) to achieve twice
the throughput at the same clock frequency. Another way to benefit from this feature
is to keep the same performance by reducing the clock frequency by half, thus
dramatically reducing the EMI.

The Flash program memory supports both parallel programming and in serial
In-System Programming (ISP). Parallel programming mede offers gang-programming
at high speed, reducing programming costs and time to market. ISP allows a device
to be reprogrammed in the end product under software contrel. The capability to
field/update the application firmware makes a wide range of applications possible.

The P89V51RD2 is also In-Application Programmable (IAP), allowing the Flash
program memory to be reconfigured even while the application is running.

80C51 Central Processing Unit
5 V Operating voltage from 0 to 40 MHz

64 kB of on-chip Flash program memory with ISP (In-System Programming) and
IAP (In-Application Programming)

Supports 12-clock (default) or 6-clock mode selection via software or ISP

SPI (Serial Peripheral Interface) and enhanced UART

PCA (Programmable Counter Array) with PWM and Capture/Compare functions
Four 8-bit I/O ports with three high-current Port 1 pins (16 mA each)

Three 16-bit timers/counters

Programmable Watchdog timer (WDT)

Eight interrupt sources with four priority levels

Second DPTR register

Low EMI mode (ALE inhibit)

TTL- and CMOS-compatible logic levels

& PHILIPS
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W Brown-out detection

¥ Low power modes
4 Power-down mode with external interrupt wake-up
& ldie mode

A PDIPAQ, PLCC44 and TQFP44 packages

3. Ordering information

Tabla 1: Ordering information

PS8IVEIRD2FA  PLCCA4  plastic leaded chip camier; 44 leads SOT187-2
PBOVSIRDZFBC  TQFP44  plastic thin quad flat package; 44 leads  SOT376-1
PEOVSIRD2BN  PDIP40  plastic dual in-tine package; 40 leads SOT129-1

3.1 Ordering options

Table 2: Ovdering options

PBIV51IRD2FA —40 °C to +85 °C 0 o 40 MHz
P8SV51RD2Z2FBC -40°Cto +85°C
PB9VS1RD2BN 0°Cto +70 °C

8397 TS0 12064 [ Philips LY. 2004, All dights ressrved.
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4. Block diagram

——————————————————————————————— ]
HIGH PERFORMANCE !
BOCS1 CPU :
/} |
I

N e e I ==
BUS |

. Ge—— sPl K>

|
I
| WATCHDOG TIMER :
CRYSTAL | 1 I
OR | OSCILLATOR I
RESONATOR || U I
3 ] k) 2\
49 T
Fig1. P89V51RD2 block diagram.
Q3DT TH0 12984 L] i Philipy Wk N.V. 2604, All rights recerved.
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T2P10{1] U [40] vpp

T2EXP1.1 [ 2] [39] Po.0/ADO
ecr12[3] [38] P0.1/AD1
cExor13[ 4] 37] Po.2iA2
CEX1/55P14[ 5] [36] P0.3/AD3
cexemosuP1s [ 6] [35] Po.4/AD4
CEXIMISOP16[ T | [34] P 5/ADS
CEX4/SCKP1.7 [ 8] 133] P0.6/ADS
rst[e] z  [32]ro7mo7
RXD/P3.0 [10] g 31 EA
o1l & [3]aErROG
oz 12| g E PSEN
INTiPa3 i3] 28] P2.7/A15
TOP3.4 [14] 27} P2a/a14
TIP35[15 [26] P2.5/A13
WRiP3.6 [16] 135] P2.4/A12
ROP3.7 [17] 2] P2.3/A11
xTAL2 [18] 23] P2.2iA10
xTALt [19] [22] P2.1/89
vas 2] 21] F2.0/A8
0028811

Fig 3. PDIP40 pin configuration.

93BT 750 12964 © Koni Phillps. NV 2004, Al rights maserved.
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Table 3:

P00 to

39-32

3730 43-38

5.2 Pin description
PBIVSIRD2 pin description

8-bit microcontrollers with 80C51 core

Port O: Port 0 is an 8-bit open drain bi-directional O
port. Port 0 pins that have ‘1’s written to them float, and
in this state can be used as high-impedance inputs.
Port 0 is also the muftiplexed low-order addreas and
data bus during accesses o extemal code and data
memory. in this application, it uses strong intemal
pull-ups when transitioning to ‘1's. Port 0 also receives
the code bytes during the external host mode
programming, and outputs the cade bytes during the
external hast mode verification. External puli-ups are
required during program verification or as a general
purposs 1O port.

P10t
P17

1-8

40.44,1-3 2-9

VO with
internal pull-up

Port 1: Port 1 is an 8-bit bi-directional /0 port with
internal pull-ups. The Port 1 pins are pulled high by the
intemal pult-ups when ‘1's are written to them and can
be used as inputs in this state. As inputs, Port 1 pins that
are externally pulied LOW will source cument (1)
because of the internal pull-ups. P1.5, P1.6, P1.T have
high current drive of 16 mA. Part 1 also receives the
low-order address bytes during the external host mode
programming and verification.

P1.0

/o)

T2: External count input to Timer/Counter 2 or Clock-out
from Timer/Counter 2

P1.1

41 3

T2EX: Timer/Counter 2 capture/reload trigger and
direction control

P12

42 4

EC): External clock input. This signal Is the exdernal
clock input for the PCA.

P1.3

CEX0: Capture/compare extemnal VO for PCA Module ¢.
Each capture/compare modue connects 1o a Port 1 pin
for external /0. When not used by the PCA, this pin can
handle standard 1/O.

P14

0]

88: Siave port select input for SPI
CEX1: Capture/compare external VO for PCA Module 1

P15

MOS!: Master Output Stave Input for SPI
CEX2: Capture/compare external IO for PCA Madule 2

P16

vo

MISO: Master input Stave Output for SP1
CEX3: Capture/compare extamal /O for PCA Module 3

P17

9397 750 12004

SCK: Master Output Slave Input for SP1
CEX4: Capture/compare external VO for PCA Module 4

L] Phifips MLV, 2004, Al fights inderved.
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Table 3: P8IV51RD2 pin description...continued

P20to 2128 18-25 24-31 o
P27 with internal
pull-up

8-bit microcontrollers with 80C51 core

Port 2: Port 2 is an 8-bit bi-directionat /O port with
internal pull-ups. Port 2 pins are pulled HIGH by the
internal puli-ups when *1's are written to them and can
be used as inputs In this state. As inputs, Port 2 pins that
are externally pulled LOW will source current (i }
because of the internal pull-ups. Port 2 sends the
high-order address byte during fetches from axternal
program memory and during accesses to external Data
Memory that use 16-bit address (MOVX@DPTR). In this
application, it uses strong internal pull-ups when
transitioning to ‘1's, Port 2 alsa receives some control
signals and a partial of high-order address bits during
the external host mode programming and verification.

P30to 10-17 5,713 11,13-19 1O

P37 with internal

putt-up

Port 3: Port 3 is an 8-bit bidirectional VO port with
internal pull-ups. Port 3 pins are pulled HIGH by the
internal puli-ups when ‘1's are written to them and can
be used as inputs in this state. As inputs, Port 3 pins that
are axternally pulled LOW will source current (ly )
because of the internal pull-ups. Port 3 also receives
some control signals and a partial of high-order address
bits during the extemal host mode programming and
verification.

P3.0 10 HH

RXD: serial input port

P3.1 11 13

TXD: serial output port

WTT: externat interrupt 0 input

5
7
P3.2 12 a 14
P3.3 13 ) 15

INTT: external interrupt 1 input

T0: axternal count input to Timer/Counter O

P3.5 15 1 17

T1: extarnal count input to Timer/Counter 1

P36 16 12 18

WR: external data memory writs strobe

(o] Fo Xl R Bl et i o ¥ S

P37 17 13 19

RD: external data memory read strobe

:
8
g
(S

Program Store Enable: PSEN is the read strobe for
external program memory. When the device is exacuting
from internal program memory, PSEN is inactive
(HIGH). When the device is executing code from
external program memory, PSEN is activated twice each
machine cycle, except that two PSEN activations are
skipped during each access to exiernal data memory. A
forced HIGH-t0-LOW input transition on the PSEN pin
while the RST input is continually held HIGH for more
than 10 machine cycles will cause the device to enter
external host mode programming.

RST 9 4 10 t

S397 T50 12084

Reset: While the osciliator is running, a HIGH logic state
on this pin for two machine cycles will reset the device. If
the PSEN pin is driven by a HIGH-to-LOW input
transition while the RST input pin Is held HIGH, the
device will enter the external host mode, otherwise the
device will enter the normal operation mode.

NV, 2004. AS vights roemevest.
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Table 3: P89IVSIRD2 pin description...confinued

EA 31 29 as 1 External Accoss Enable: EA must be connected to Vgg
in order to enable the device to fetch code from the
external program memory. EA must be sirapped to Vpp
level 4 will disable EA, and program execution Is only
possible from internal program memory, The EA pin can
tolerate a high voltage of 12 V.

ALE/ 30 27 33 Vo Address Latch Enable: ALE is the output signal for

PROG latching the low byte of the address during an access to
external mamory. This pin is also the programming
pulse input (PRGG) for flash programming. Normally the
ALEM s amitted at a constant rate of 1 the crystal
frequencyl and can be used for external timing and
clocking. One ALE puise is skipped during each access
to axternal data memory. However, if AO is setto ‘1",

ALE is disabled.

NC - 6,17,28, 1,12,23, WO No Connect

39 34

XTAL1 19 15 21 1 Crystal 1: Input to the inverting osciltator amplifier and
input to the intemal clock generator circuits.

XTAL2 18 14 20 o] Crystal 2: Output from the inverting oscillator amplifier.

Voo 40 38 44 l Power supply

Vss 20 16 22 l Ground

1] ALEIaadinulssue:WhenALEplnaxpeﬂ«weshlgmrloadingPMpF)duﬂngmamet.memlcrneontmllarmayacddenuﬂyentulnm
modes other than normal working mode. The solution is to add a pull-up resistor of 3 ki o 50 kQ to Vipp, a.g., for ALE pin.

2] For 6-clock mode, ALE is emitted at 5 of crystai frequency.

KGT 750 12964 ¢ Prige N 2004. AR sights rmervad.
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6. Special function registers

Remark: Special Function Registers (SFRs) accesses are restricted in the following
ways:
* User must not attempt to access any SFR locations not defined.

* Accesses to any defined SFR locations must be strictly for the functions for the
SFRs.

* SFR bits labeled "', ‘0’ or ‘1’ can only be written and read as follows:

- ' Unless otherwise specified, must be written with ‘0°, but can return any value
when read (even if it was written with ‘0"). it is a reserved bit and may be used in
future derivatives.

= ‘0" must be written with ‘0°, and will return a ‘0’ when read.
= ‘1" must be written with “1', and will return a ‘1’ when read.

$NT 750 12064 © Kovinkijos Philoa MLV, 2004 Al rights resarved.
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§ Table4: Speclal function registers
E * indicates SFRs that are bit addressabla.
Bit address E7 ES ES E4 E3 E2 Et E0
AcCc* Accumulator EOH
AUXR Auxiliary function register BEH - - - - - - EXTRAM AQ
AUXR1 Auxiliary function ragister 1 A2H - - - GF2 0 - DPS
Bit address F7 Fé F5 F4 F3 F2 F1 FoO
B* B register FOH
CCAPOH Module 0 Capture HIGH FAH
CCAP1H Module 1 Capture HIGH FBH
CCAP2H Module 2 Capture HIGH FCH
CCAP3H Moduie 3 Capture HIGH FOH
CCAP4H Module 4 Capture HIGH FEH
CCAPOL Module C Capture LOW EAH
CCAP1IL Module 1 Capture LOW EBH
CCAP2L. Module 2 Capture LOW ECH
CCAP3L Modute 3 Capture LOW EDH
CCAP4L Module 4 Capture LOW EEH
CCAPMO Module 0 Mode DAH - ECOM_O0 CAPP_0O CAPN_D MAT_0 TOG_ O PWM_0 ECCF 0
CCAPM1 Module 1 Mode DBH - ECOM_1 CAPP_1 CAPN_1 MAT_4 TOG_1 PWM_1 ECCF_1
CCAPM2 Module 2 Mede DCH . ECOM_2 CAPP_ 2 CAPN_2 MAT_2 TOG 2 PWM_ 2 ECCF 2
CCAPM3 Module 3 Mode DDH - ECOM_3 CAPP_3 CAPN_3 MAT_3 TOG_3 PWM_3 ECCF_3
2 CCAPM4 Module 4 Mode DEH - ECOM_4 CAPP 4 CAPN 4 MAT_4 TOG_4 PWM_4 ECCF_4
I Bit address DF DE DD (o]0} DB DA Do D8
i CCON* PCA Counter Control D8H CF CR - CCF4 CCF3 CCF2 CCF1 CCF0
CH PCA Counter HIGH FoH
CL PCA Counter LOW EOM
% CMOD PCA Counter Mode D9H CIDL WDTE - - - CPS1 CPS0 ECF
g DPTR Data Pointer (2 bytes)
§ DPH Data Pointer HIGH 83H
! DPL Data Pcinter LOW 82H

8303 [ SI08 UM SIBIOIUCI0IDIE JIq-8
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Table 4:

* indicates SFRs that are bit addressable.

Speclal function registers...continued

FST Flash Status Register B6 - sB - - EDC - - -
Bit address AF AE AD AC AB AA A9 A8
IENO* Interrupt Enabie 0 A8H EA EC ET2 ESO ET1 EX1 ETO EXD
Bit address EF EE ED EC EB EA E® E3
IEN1* Interrupt Enable 1 E8H - - - - EBO
Bit address BF BE BD BC BB BA B9 BS
POt Interrupt Priority B8H - PPC PT2 PS PT1 X1 PTO PX0
IPOH interrupt Priority 0 HIGH B7H - PPCH PT2H PSH PT1H PX1H PTOH PXOH
Bit address FF FE FD FC FB FA F9 F8
P Interrupt Priority 1 F8H - - - - PBO
IP1H interrupt Priority 1 HIGH F7H - - - - PBCH
FCF B1H - - - - - - - BSEL
Bit address 87 86 85 84 83 82 81 80
PO* Port 0 80H AD7 ADSE AD5S AD4 AD3Z AD2 AD1 ADOQ
Bit address a7 96 95 94 93 92 91 920
P1* Port 1 80H CEX4/ CEX3/ CEX2/ CEX1/58 CEX0 ECI T2EX T2
SPICLK MISO MOS!H
Bit address AT A6 A5 A4 A3 A2 A1 A0
p2* Port 2 ACH A15 A14 A13 A12 Al A10 A9 AB
Bit address B7 Bé - 1] B4 B3 B2 B1 80
P3* Port 3 BOH RD WR T1 T0 iNTH NTO <D RxD
PCON Power Control Ragister 87H SMOD1 SMCDO BOF POF GF1 GFo PD iDL
Bit address D7 D& Ds D4 D3 D2 D1 Do
PSwW* Program Status Word DOH cY AC FO RS1 RSO ov F1 P
RCAPZH Timer2 Capture HIGH CBH
RCAP2L Timer2 Capture LOW CAH
Bit addrass oF 9E D) 9C 98 9A 99 98
SCON* Serial Port Control 98H | SMO/FE_ SM1 SM2 REN B8 RB8 Ti RI
SBUF Serial Port Data Buffer Register 99H

WO 15008 tHiMm S18jONUOD0IIW 3-8
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] Table 4:  Special function registers...continved
3 ‘indicates SFRs that are bit addressable.
d
SADDR Serial Port Address Register A9H
SADEN Serial Port Address Enable B9H
Bit address arit LU 8511 84" a3l a2l 8101 sot!)
SPCTL 8Pt Control Register DS SPIE SPEN DORD MSTR CPOL CPHA SPR1 SPRO
SPCFG SPI Configuration Register AAH SPIF SPWCOL - - - - - -
SPDAT SPI Data 86H
SP Stack Polinter 81H
Bit address 8F 8E 8D 8C 8B 8A 89 88
TCON* Timer Contrel Register 88H TF1 TR1 TFO TRO 'E1 IT IEQ ITO
Bit address CF CE - CD cc CB CA c9 (+ ]
T2CON" Timer2 Control Register C8H TF2 EXF2 RCLK TCLK EXEN2 TR2 CiT2 CP/RL2
T2MOD Timer2 Mode Centrol C9H - - ENT2 T20E DCEN
THO Timer 0 HIGH 8CH
TH1 Timer 1 HIGH 8DH
TH2 Timer 2 HIGH COH
TLO Timer 0 LOW 8AH
TL1 Timer 1 LOW 88H
TL2 Timer 2 LOW CCH
T™OD Timer 0 and 1 Mode 89H GATE cIT M1 MO GATE cr M1 MO
WDTC Watchdog Timer Control COH - - - WwDOUT WDRE wDTS WDT SWDT
o WDTD Watchdog Timer Data/Reload 85H
¥ [1] Unimplemented bits in SFRa (labeted '-'} are "X's (unknown) at all times. Unless otherwise specified, '1's should not be written to thase bits sincs they may bs used for ather
3 purposes In future derivatives. The reset values shown for thesa bits are ‘0's although they are unknown when read.
z
g
[
|
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Period = (255 - WDTD) 344064 1ffc|_|( (PCTAL1)

where WDTD is the value loaded into the WDTD register and {5 is the oscillator
frequency.

extermal

344064

CLK (XTALY) oks woT WOT reset intemal reset
COUNTER JPPER BYTE

RST 1 1 R

Fig 19. Block diagram of programmable Watchdog timer

i

9T 750 12964

7.8

Table 33: WOTC - Watchdog control register (address COH) bit allocation
Bit addressable; Reset value: 00H

Symbol - - - WDOUT | WDRE | WDTS | WDT | SWDT

Table 34: WDTC - Watchdog control register (address COH) bit description

705 = Reserved for future usa. Should be set to ‘0" by user programs.

4 WDOUT  Watchdog output enable. When this bit and WDRE are both set, a
Watchdog reset will drive the reset pin active for 32 clocks.

3 WDRE Watchdog timer reset enable. When set enables a Watchdog timer
reset.

2 WDTS Watchdog timer reset flag, when set indicates that 8 WDT reset
occurred. Reset in software.

1 WDT Watchdog timer refresh. Set by software to force a WDT reset.

0 SWDT Start Watchdog timer, when set starts the WDT. When clearsd,
stops the WDT.

Programmabie Counter Array (PCA)

The PCA includes a special 16-bit Timer that has five 16-bit capture/compare
modules associated with it. Each of the modules can be programmed to operate in
one of four modes: rising and/or falling edge capture, software timer, high-speed
output, or pulse width modulator. Each module has a pin associated with it in port 1,
Module 0 is connected to P1.3 (CEX0), module 1 to P1.4 (CEX1), etc. Registers CH
and CL cortain current value of the free running up counting 16-bit PCA timer. The
PCA timer is a common time base for ali five modules and can be programmed fo run
at: 1 g the oscillator frequency, ! the oscillator frequency, the Timer 0 overflow, or the
input on the ECi pin (P1.2). The timer count source is determined from the CPS1 and
CPS0 bits in the CMOD SFR (see Table 35 and Table 36).

© Phillps. NV, 2004, Al rights reserved.
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Fig 20.

}— 16 bits —

MODULED  [e—————] P1.3/CEX0

16 bits MODUWLE!  fe————(] P1.4/CEX

L

Iplpipiyl
:

.

PCA TIMER/COUNTER [j————— ] P1.5/CEX2

time base for PCA modules
MODULE3 [«————[] P1.6/CEX3

Module funclions:
16-bit capture
16-bit timer
16-bit high speed output
6-bit WM

Walchdog timer {Modulo 4 anly)

MODULE4 (¢————[] P1.7/CEX4

9307 750 12964

in the CMOD SFR there are three additional bits associated with the PCA. They are
CIDL which allows the PCA to stop during idle mode, WDTE which enables or
disablas the Watchdog function on module 4, and ECF which when set causes an
interrupt and the PCA overflow fiag CF (in the CCON SFR) to be set when the PCA
timer overflows.

The Watchdog timer function is implemented in module 4 of PCA.

The CCON SFR contains the run controt bit for the PCA (CR) and the flags for the
PCA timer (CF) and each module (CCF4:0). To run the PCA the CR bit (CCON.6)
must be set by software. The PCA is shut off by clearing this bit. The CF bit (CCON.7)
is set when the PCA counter overflows and an interrupt will be generated if the ECF
bit in the CMOD register is set. The CF bit can only be cleared by soflware. Bits 0
through 4 of the CCON register are the flags for the modules {bit O for module 0, bit 1
for module 1, etc.) and are set by hardware when either a match or a caplure occurs.
These flags can only be cleared by sofiware. All the modules share one interrupt
vector. The PCA interrupt system is shown in Figure 21.

Each module in the PCA has a special function register associated with it. Thess
registers are: CCAPMO for module 0, CCAPM1 for module 1, etc. The registers
contain the bits that control the mode that each module will operate in.

The ECCF bit (from CCAPMn.0 where n =0, 1, 2, 3, or 4 depending on the module)
enables the CCFn flag in the CCON SFR to generate an interrupt when a match or
compare occurs in the associated module (see Figure 21).

PWM (CCAPMN.1) enables the pulse width modulation mode.

The TOG bit (CCAPMn.2) when set causes the CEX output associated with the
module to toggle when there is a match between the PCA counter and the module's
capture/compare register.

The match bit MAT (CCAPMn.3) when set will cause the CCFn bit in the CCON
register to be set when there is a match between the PCA counter and the module’s
capture/compare register.

[ Philgs s KLY, Z004. Al rightss resarved.
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The next two bits CAPN (CCAPMn.4) and CAPP (CCAPMN.5) determine the edge
that a capture input wilt be active on. The CAPN bit enables the negative edge, and
the CAPP bit enables the positive edge. If both bits are set both edges wil be enabled
and a capture will occur for either transition.

The last bit in the register ECOM (CCAPMn.6) when set enables the comparator
function.

There are two additional registers associated with each of the PCA modules. They
are GCAPnH and CCAPnL and thesse are the registers that store the 16-bit count
when a caplure occurs or a compare should occur. When a module is used in the
PWM mode these registers are used to controt the duty cycle of the output.

CF | CR [ - }CCF4|COF3 | COF2 | CCF1 | COFO | pap)
I ) 4 i i
PCA TIMER/ICOUNTER o
:
1
1
1
1
]
MODULEO ; o7
]
: (7 A : IENO.6 IENO.7
MODULE1 ' o1 ) = . h""""‘"”
: :_ =" / W " 1 £ .
1 ; ! I :
i g d.\ o o =
MODULE? : °E/ o ) /
: T -
MODULE3 . o1 oy
' ALY O
: ey
MODULES 3 o7 - I
1 |._ oo | : [ : ]
5 Vel
cmooo | Ecr CoARR A (C8
002888533
Fig 21. PCA interrupt system.

Tabie 38: CMOD - PCA counter mode register (address DOH) bit aflocation
Not bit addressable; Reset value; 00H

Symbol | CIDL | WOTE | - - - CPSt | CPSO | ECF

$30T 780 12064 © Konwnkiie Phiips N.V, 2004. Al ights reworved.
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Table 38: CMOD - PCA counter mode register (address D8H) bit description

7 CiDL Counter Idie Control: CIDL = 0 programs the PCA Counter to
continue functioning during idie Mode. CIDL = 1 programs it to be
gated off during idie.

6 WDTE Watchdog Timer Enable: WOTE = 0 disables Watchdog timer
function on module 4. WDTE = 1 enables it.

Sto3 - Reserved for future use. Should be set to ‘0’ by user programs.

21 CPSt, PCA Count Pulse Select (see Table 37 below).

CcPSo
0 ECF PCA Enable Counter Overflow Interrupt: ECF = 1 enables CF bitin

CCON to generate an interrupt. ECF = 0 disables that function.

Table 37: CMOD - PCA counter mode register (address DOH) count putse select

0 Internal clock, foe: / 6

1 internat clock, fo. / 6

2 Timer O overfiow

3 Externat clock at ECI/P1.2 pin (max rate = f,. / 4)

0
0
1
1

P ) N . )

Table 38: CCON - PCA counter control register (address 0D8H) bit allocation
Bit addressabis; Reset valve: O0H

Symbol CF CR - CCF4 | CCF3 | CCF2 | CCFt | CCFO

Table 39: CCON - PCA counter control register (address OD8H) bk description

7 CF PCA Counter Overflow Flag. Set by hardware when the counter
rolls over. CF flags an intarrupt if bt ECF In CMOQD is set. CF may
be set by either hardware or software but can only be cleared by
software.

PCA Courtter Run Control Bit. Set by software to tumn the PCA
counter on. Must be cieared by software to turn the PCA counter
off.

8

L4,
1

Reserved for future use. Should be set 10 ‘0’ by user programs.

£

CCF4 PCA Modute 4 interrupt Flag. Set by hardware when a match or
capiure occurs. Must be cleared by software.

CCF3 PCA Module 3 interrupt Flag. Set by hardware when a match or
capture occurs. Must be cleared by software,

[

L]

CCF2 PCA Module 2 Interrupt Flag. Set by hardware whan a match or
capture occurs. Must be deared by software.

CCF1 PCA Module 1 interrupt Flag. Set by hardware when a match or
caplure occurs. Must be cleared by software.

-k

(=]

CCFO PCA Module 0 Interrupt Flag. Set by hardware when a match or
capture occurs. Must be cleared by softwars.

© Koninkijin Phifipe Electronics N.\: 2004 AB fights revarved,
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Table 40: CCAPMn - PCA moduies compare/capture register (address CCAPMO ODAH,
CCAPM1 0DBH, CCAPMZ 0DCH, CCAPM3 ODDH, CCAPM4 0DEH) bit alloc.
Not bit addrassable; Reset value: 00H

Symbol| - |ECOMn| CAPPn [ CAPNn| MATn | TOGn | PWMn | ECCFn

Table 41: CCAPMn - PCA modules compare/capture register (address CCAPMO ODAN,
CCAPM1 0DBH, CCAPM2 8DCH, CCAPM3 0DDH, CCAPM4 ODEH) bit desc.

- Reserved for future use. Shoutd be set to ‘0" by user programs.
ECOMn Enable Comparator. ECOMn = 1 enables the comparator function.
Capture Positive, CAPPn = 1 enables positive edge capture.
CAPNn  Capture Negative, CAPNn = 1 enables negative edge capture.
MATn Match. When MATN = 1 a match of the PCA counter with this

module's compare/capture registar causes the CCFn bit in CCON
1o be set, flagging an interrupt.

TOGn Toggle. When TOGn = 1, a match of the PCA counter with this
module's compara/capture register causes the CEXn pin to toggte.

Wbl ~

[ V]

1 PWMn Puise Width Modulation Mode, PWMn = 1 enables the CEXn pinto
be used as a pulse width modulated output.
0 ECCFn Enable CCF Interrupt. Enables compare/capture flag CCFn in the

CCON ragister to generate an interrupt.

Table 42: PCA module modes (CCAPMR register)

|

0 o 0 0 1] 0 no operation

X 1 0 0 0 0 X 16-bit capture by a positive-edge trigger on
CEXn

x 0 1 o 0 1) X 16-bit capture by a negative-edge trigger on
CEXn

X 1 1 0 o o X 16-bit capture by any transition on CEXn

1 0 0 1 o 0 x 16-bit software timer

1 v 0 1 1 0 X 18-bit high gpeed output

1 ] 0 0 0 1 0 B8-bit PWM

1 0 0 1 X 0 X Watchdog timer

7.8.1 PCA capture mode

Q307 750 12964

To use one of the PCA modules in the capture mode (Figure 22) either one or both of
the CCAPM bits CAPN and CAFP for that module must be set. The extarnal CEX
input for the module (on port 1) is sampled for a transition. When a valid transition
occurs the PCA hardware loads the value of the PCA counter registers (CH and CL)
into the module’s capture registers (CCAPNL and CCAPnH).

© Kovinkijes Philiph. Eir ica N.V. 2004. All sighis resarved.
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CF CcR - ccr4 | cora | cor2 | cort | ocoro c(cmccl)n
________________________ t
! ’T |
o » PCA
inlermupt
(to CCFn)
| A o CAPTURE

CEXnD

~

FER N N——

I

ECOMn | CAPPn | CAPNn | MATn TOGn PWhin

]
g
g

Fig 22, PCA capture mode.

If the CCFn bit for the module in the CCON SFR and the ECCFn bit in the CCAPMn
SFR are set then an interrupt will be generated.

7.8.2 16-bit software timer mode

The PCA modules can be used as software timers (Figure 23) by sefting both the
ECOM and MAT bits in the modules CCAPMn register. The PCA timer wilt be
compared to the module's capture registers and when a match occurs an interrupt
will occur if the CCFn (CCON SFR) and the ECCFn (CCAPMn SFR) bits for the
module are both set.

2307 750 12964 [ oo Priipa NV, 2004, Al righes rowerved.
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Fig 23. PCA compare mode.

CF CR cors | cors | core | oorr | coro | SO0
(COR)
{fo CCFn) T - ., PCA
T
match ]
- t
. ‘
¥ i
1 i
] 1
] 1
L] ]
1 ]
] 1
] 1
t 1
I 1
(] 1
1 1
i ]
1 1
1 - |
CCAPMn, n=0ta 4

7.8.3 High speed output mode

In this mode (Figure 24) the CEX output (on port 1) associated with the PCA module
will toggle each time a match occurs between the PCA counter and the module's
capiure registers. To activate this mode the TOG, MAT, and ECOM bits in the

module's CCAPMn SFR must be set.
cr | cr cera | cera | cor | cort | cora | T
{0 CCFn) T - . PCA
: interrupt

o ;
; '
1 1
1 1
i 1
(] 1
] []
: | toggle
1 ]
1 D e
: ' :
] ' 1
] ' 1
1 ! 1

- | ecom CAPN | MATn | TOGn | Pwmn | ECCFn ca(czﬂ"'"";u"&m" 4
1 0 1 1 0 catmasao
Fig 24. PCA high speed output mode.
ST TS0 12964 L i Phillps NV, 2004. All rights reservec.
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Puise width modulator mode

All of the PCA modules can be used as PWM outputs (Figure 25). Output frequency
depends on the source for the PCA timer.

| coAPH |
____CoAPni | 0
anable l’ CL<CCAPnL
8-BIT COMPARATOR { $———{JCEXn
CL ccaPnL
1
PCA timericounter
CCAPMA,.n=(G1io 4
ECOMn | CAPPn §{ CAPNn | MATn TOGn | PWMn | ECCFn (C2H fo C8H)

Fig 25. PCA PWM mode.

BT 750 12964

7.8.5

All of the modules will have the same frequency of output because they all share one
and only PCA timer. The duty cycle of each module is independently variable using
the module’s capture register CCAPnL.When the value of the PCA CL SFR is less
than the value in the module’s CCAPnL SFR the output will be low, when it is equal to
or greater than the output will be high. When CL overfiows from FF to 00, CCAPnL is
reloaded with the value in CCAPnH, this allows updating the PWM without glitches.
The PWM and ECOM bits in the module’s CCAPMn register must be sat to enable
the PWM mode.

PCA Watchdog timer

An on-board Watchdog timer is available with the PCA fo improve the reliability of the
system without increasing chip count. Watchdog timers are useful for systems that
are susceptible to noise, power glitches, or electrostatic discharge. Moduie 4 is the
only PCA module that can be programmed as a Watchdog. However, this module can
still be used for other modes if the Watchdog is not needed. Figure 25 shows a
diagram of how the Watchdog works. The user pre-loads a 16-bit value in the
compare registers. Just like the other compare modes, this 16-bit value is compared
to the PCA timer vaiue. If a match is allowed to occur, an internal reset will be
generated. This will not cause the RST pin to be driven high.

user's software then must periodically change (CCAP4H,CCAP4L) to keep a match
from occurring with the PCA timer {CH,CL). This code is given in the WATCHDOG
roytine shown above.

in order to hold off the reset, the user has three options:

[ e Philips. NV, 2004. Al nghts renervad.
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8. Limiting values

Table 81: Limiting values

in accordance with the Absolute Maximum Rating System (IEC 60134).

Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect fo Vsg unless
otherwise noted.

Tembpiosy  Operating bias amblent temperature -55 +125 °C
Tug storage temperature range -85 +150 °C
Vex voitage on EA pin to Vsg -0.5 14 v
Vo DC woltage on any pin to ground 05 Vop+05 V
potential
Vi translent voltage (<20 ns) on any -1.0 Vpop+10 V
other pinh to Vsg
loLwo) maximum I per VO pins P1.5, P16, - 20 mA
P17
loLao) maximum Iy per O for all other pins - 15 mA
Protipack) total power dissipation per package  Tam = 25°C - 15 w
through hole lead soldeting 10 seconds - 300 °C
temperature
surface mount lead soldering 3 seconds - 240 °C
temperature
output short circuit current mo. 50 mA

[1} Oulputs shoried for no mare then one second. Nc more than one output shorted at a fime. (Based on package heat transfer imiations,
not device power consumption.)

9. Recommended operating conditions

Table 62: Operating range

Tamb ambient temperature under bias
cormmercial 0 +70 °C
industrial —40 +85 °C
Voo supply voltage 45 5.5 \'
fosc oscillator frequency 0 40 MHz
oscillator frequency for 025 40 MHz
ir-application programming
207 750 12084 © Philips Ek NV 2004. All dighta rosarved,
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Table 83: Reliability characturistics

Nenpl!! andurance 10,000 cycles  JEDEC Standard A117

Tort! data retention 100 years JEDEC Standard A103

il latch up 100 + ipg mA JEDEC Standard 78

[} This parameter is measured only for initial qualification and after a design or process change that
could affect this parameter.

Table 64: AC conditions of testi!]

Input risefall time 1Cns
Output load CL =100 pf
[1} See Figure 35 and Figure 37.

Table 65: Recommended system power-up timings

Tpureaplt Power-up to read operation 100 Hs

Teuwrrel!l Power-up to write operation 100 us

{1] This parameter is measured only for initial qualification and after a dasign or process change that
could affect this parameter.

Table 66: Pin impedance
(Voo = 3.3V, Tamp =25 °C, f= 1 MHz, other pins open)

Cyotll /O pin capacitance Vg =0V 15 pF
Cpdtl input capacitance V=0V 12 pF
Lein pin inductance 20 nH
[1] This parameter is measured only for initial qualification and afler a design or process change that
could affect this parameter.
$307 750 12984 ° Phitps NV 2004. AL ights resarvad.
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10. Static characteristics

Table 57: DC electrical characteristics
Tam =0°C lo +70°C or—40°C o +85°C; Vpp=4.5Vio 55V, Vgs =0V

Vi LOW-ievel input voltage 45V <Vpp <55V -0.5 02pp-01 V
Vin HIGH-eval input voltage 45V <Vpp <55V 02Vop +09 Vpp+ 05 v
A\ HIGH-level input voltage (XTAL1, 45V <Vpp<55V 0.Voo Voo +0.5 v
RST)
Voo LOW-level output voltage {ports 1.5, Vpp =4.5V, lg. = 16 mA - 10 Vv
1.8,1.7)
Vo LOWHievel output voltage (ports 1,2, Vpo =4.5V
3y lo = 100 pA N 03 v
log = 1.6 mA - 0.45 v
lo, = 3.5 mA X 1.0 v
Vout LOW-level output voltage (Port 0, Voo =45V
ALE, PSERJ'FI o = 200 pA - 03 v
loL = 3.2mA - 0.45 v
Vou HiGH-evel output voltage (ports 1,  Vpp =45 V
2,3, ALE, PSEN)4 lon = 10 pA Voo-03 - v
loy =-30 pA Vpo - 0.7 - v
Yot = -60 pA Vop-15 - v
Vo HIGH-evel output votiage (Port 0in  Vpp =4.5V
Externaf Bus Mode)[‘l lOH="200"A VDD—0-3 3 Vv
loy = -3.2mA Vpo -0.7 - v
Vaoo brown-out detection voltage 3.85 4.15 \'}
e logic 0 input cumrent (ports 1,2, 3)  Vin=0.4V 1 75 pA
e logic 1-t0-0 transition current Vin=2V \ ~650 KA
(ports 1, 2, 3y
0 input leakage current (Port 0) 0.45V < Vi < Vop - 0.3V = 110 WA
Rast RST pull-down resistor 40 225 k2
Cio pin capacitancaf®! @ 1 MHz, Tgrp =25 °C - 15 pF
lop power supply current
active mode @ 12MHz - 1.5 mA
@ 40 MHz - 50 mA
idle mode @ 12MHz - 8.5 mA
@ 40 MHz - 42 mA
Power-down made Tomp =0°Clo+70°C - 80 pA
{min. Vpp = 2 V) Tam = —40 °C fo +85 °C . 90 pA

[1] Under steady state (non-translent) conditions, Lo, must be externally limitod as follows:
a) Maximum lg,_per 8-bit port: 268 mA
b} Maximum oy, total for all outputs: 71 mA

c) if ko, exceeds the test condition, Vo may exceed the related specification. Pins are not guaranteed to sink current greater than the
listed test condlitions.

307 750 12084 © KoriokSje Phiips 5 MLV, 2006. AR vighis rweerved.
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+5V-Powered, Multichannel RS-232

General Description

The MAX220-MAX24S family of line driversfreceivers is
intended for all EIA/TIA-232E and V.28/V.24 communica-
tions interfaces, particularly applications where +12V is
not available.

These parts are especially useful in battery-powered sys-
tems, since their low-power shutdown mode reduces
power dissipation to less than 5pW. The MAX225,
MAX233, MAX235, and MAX245/MAX246/MAX247 use
no external components and are recommended for appli-
cations where printed circuit board space is critical.

Drivers/Receivers

Next-Generation
Device Features

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

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

Applications Ordering information
Portabie Computers PART TEMP RANGE PIN-PACKAGE
Low-Power Modems MAX220CPE 0°C to +70°C 16 Plastic DIP
interface Translation MAX220CSE 0°Cto +70°C 16 Narrow SO
nlerface fransiatio MAX220CWE 0°Cto+70°C 16 Wide SO
Battery-Powered RS-232 Systemns MAX220C/D 0°C to +70°C Dice*
Multidrop RS-232 Networks MAX220EPE -40°C to +85°C 16 Plastic DIP
MAX220ESE -40°C to +85°C 16 Narrow SO
MAX220EWE -40°C to +85°C 16 Wide SO
MAX220EJE -40°C to +85°C 16 CERDIP
MAX220MJE -55°C to +125°C 16 CERDIP
AutoShutdown and UCSP are trademarks of Maxim Integrated Ordering information continued at end of data sheet.
Products, Inc. *Contact factory for dive specifications.
Seloction Table
Power No. of Nominal SHDN Rx
Part Supply RS-232 No. of Cap.Value & Three- Active in Data Rate
Number ) Drivers/Rx_Ext Caps (yF) Staste  SHDN  (kbps)  Features
MAX220 +5 22 4 0.047/033 No — 120 URra-low-power, industry-standard pinout
MAX222 +5 2/2 4 0.1 Yes — 200 Low-power shutdown
MAX223 (MAX213) +5 45 4 1.0(0.1) Yes v 120 MAX241 and receivers active in shutdown
+5 5/5 0 — Yes v 120 Available in SO
MAX230 (MAX200) +5 50 4 1.0(0.1) Yes — 120 5 drivers with shutdown
MAX231 (MAX201) +5and 22 2 1.0(0.1) No - 120 Standard +5/+12V or battery suppiies;
+7.5t0 +13.2 same functions as MAX232
MAX232 (MAX202) +5 22 4 10(0.1)  No < 120(64) Indusiry standard
MAX232A +5 2f2 4 01 No — Higher slew rate, small caps
MAX233 (MAX203) +5 22 0 -— No — 120 No extemal caps
+5 22 ) — No — 200 No external caps, high slew rate
MAX234 (MAX204) +5 40 4 1.0(0.1) No - 120 Replaces 1488
MAX235 (MAX205) +5 5/5 g — Yes - 120 No external caps
MAXZ236 (MAX206) +5 43 4 1.0(0.1) Yes — 120 Shutdown, three state
MAX237 (MAX207) +5 53 4 1.0(0.1) No e 120 Complements IBM PC sarial port
MAX238 (MAX208) +5 444 4 1.0(0.1) No — 120 Replaces 1488 and 1489
MAX230 (MAX209) +5 and 35 2 1.0(0.1) No — 120 Standard +5{+12V or hattery supplies
+751t0+13.2 Ie—packagesolubmforlBMPCseﬂaipoﬂ
MAX240 +5 55 4 10 Yes — 120 DIP or flatpack package
MAX241 (MAX211) +5 4/5 4 1.0(0.1) Yes — 120 Complete IBM PC serial port
MAX242 +6 2f2 4 0.1 Yes v 200 Separate shutdown and enable
MAX243 +5 2r 4 0.1 No — 200 Open-line detection simplifies cabling
MAX244 +5 8/10 4 1.0 No - 120 High slew rate
MAX245 +5 810 1] — Yes v 120 High slew rate, int. caps, two shutdown modes
MAX246 +5 8/10 0 -— Yes v 120 High slew rate, int. caps, three shutdown modes
MAX247 +5 80 0 — Yes v 120 High slew rate, int. caps, nine operating modes
MAX248 +5 &8 4 10 Yes v 120 High slew rate, selective half-chip enables
MAX249 +5 &M10 4 10 Yes v 120 Available in quad fiatpack package
MAXIMN Maxim integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, orvlsitMaxlmswabsiteatwww.nuxlm—ic.com
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ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243
Supply Vohage (707 o) P 0.3Vto +6V 18-Pin Plastic DIP {derate 11.11mW/°C above +70°C)..889mW
V+ (Note 1) .{(Vcc-0.3V) to +14V 20-Pin Plastic DIP (derate 8.00mW/°C above +70°C) ..440mwW
V- (Note 1) +0.3V to +14V 16-Pin Narrow SO (derate 8.70mW/°C above +70°C) ...696mW
lnput Voltages 16-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
.............................................................. 18-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
R|N Except MAX220) ... 20-Pin Wide SO (derate 10.00mW/°C above +70°C)....800mwW
) 20-Pin SSCP {(derate 8.00mW/°C abave +70°C) ...... 640mwW
Tom {Except MAX220) (Note 2} ... 16-Pin CERDIP (derate 10.00mW/°C above +70°C}.....800mW
ouT 0) 18-Pin CERDIP (derate 10.53mW/°C above +70°C}.....842mW
Output Voltages Operating Temperature Ranc’gee
TQUT ................................................................................... +15V MAX2 _AC_ . MAX2_ G e 0°C to +70°C
......................................................... -0.3Vio (Veo + 0.3V) MAX2__“AE_.,, MAXZ2  E_ .. .80°C to +85°C
DnverlRecewer Output Short Circuited to GND ......... Continuous JAM_ L MAX2_ M_ ..-85°C to +125°C
Continuous Power Dissipation (Ta = +70°C) Stora Temperature Range...... ...-65°C to +160°C
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)..842mW Lead ernperature (solderlng, 10s) (Note 3) ...ooeeveeaee +300°C

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

Note 2: Input voltage measured with Touy in high-impedance state, SHDN or Vo = OV.
Note 3: Maximum refiow temperature for the MAX233A is +225°C.

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage (o the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to

absolute maximum rating conditions for extended period's may affect device reliability.

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

(Ve = +5V £10%, C1-C4 = 0.1uF, MAX220, C1 = 0.047pF, C2-C4 = 0.33uF, Ta = Timin to Tmax, uniess otherwise noted.)

PARAMETER { CONDITIONS s TP max | uwits
RS-232 TRANSMITTERS
Output Voltage Swing All transmitter outputs loaded with 3k to GND 5 +8 Vv
input Logic Threshold Low 1.4 08 v
All devices except MAX220 2 1.4
Input Logic Threshold High v
putlog | MAX220: VoG = 5.0V 24
All except MAX220, normal operation 5 40
Logic Pullup/input Current SHDN = 0V, MAX222/MAX242, shutdown, HA
+0.01 +1
MAX220
Voo = 5.5V, SHDN = 0V, Vout = +15V,
MAX222/MAX242 ot £10
OQutput Leakage Current v ey 1007 o UA
oQuUT = . +
Voo = SHON = ov
PC MAX220, Vour = 112V +25
Data Rate 200 116 kbps
Transmitter Output Resistance Ve = V+ = V- =0V, Vout = £2V 300 10M [o]
- Vout =0V +7 +22
Output Short-Circuit Current V =0V mA
our MAX220 +60
RS-232 RECEIVERS
. 30
RS-232 Input Voltage Operating Range =
P ge Uperaling Rang MAX220 £25 v
RS-232 Input Threshold Low VGG = 5V Al except MAX243 R2in 98 18 v
MAX243 R2 jy (Note 4) -3
RS-232 Input Threshold High Vee = 5V All except MAX243 B2y 18 24 v
MAX243 R2 |y (Note 4) 05 0.1
2 MAXIMN




+5V-Powered, Multichannel RS-232
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ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)
(Vcc = +5V £10%, C1-C4 = 0.1uF, MAX220, C1 = 0.047pF, C2-C4 = 0.33F, Ta = Tmin to Tmax. unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
All exce;_)( ._MAX220/MAX243, Vee =5V, no 0.2 05 10
RS | oresi hysteresis in SHON v
-232 Input Hysteresis y o 03
MAX243 1
. 3 5 7
RS-232 Input Resistance Ta = +25°C (MAX220) 3 5 7 K
lout = 3.2mA 0.2 0.4
TTL/CMOS Output Voltage Low v
put Voltag louT = 1.6mA (MAX220) 0.4
TTL/CMOS Qutput Voltage High loyt = -1.0mA 35 Vee -0.2 A"
Sourcing Vour = GND -2 -10
TTL/CMOS Qutput Short-Circuit Current mA
up Shrinking Vour = Vco 10 30
SHDN = Ve or EN = Vi (SHDN = 0V for
TTL/CMOS Output Leakage Current MAX222), OV < Vout < Voc +0.05 £10 uA
EN input Threshoid Low MAX242 14 0.8 Vv
EN Input Threshold High MAX242 2.0 14 Vv
Operating Supply Voltage 45 55 \
MAX220 05 2
No load MAX222/MAX232A/MAX233A/ 4 10
Vee Supply Current (SHDN = Vee), MAX242/MAX243 N
figures 5, 6, 11, 19 MAX220 12 H
3kQ load both
inputs MAX222/MAX232A/MAX233A/ 15
MAX242/MAX243
Ta = +25°C 0.1 10
MAX222/ Ta =0°Cto +70°C 2 50
Shutdown Sui Cutrent
u pply MAX242 Ta = -40°C to +85°C 2 50 WA
Ta =-65°Cto +125°C 35 100
SHDN Input Leakage Current MAX222/MAX242 £1 HA
SHDN Threshold Low MAX222/MAX242 14 08 \
SHDN Threshold High MAX222/MAX242 2.0 1.4 v
Ct = 50pF to MAX222/MAX232A/MAX233/
2500pF, AL = 3K | MAX242/MAX243 6 2o %0
.. to 7k, Vee = 5Y,
Transition Slew Rate Ta = +25°C, Vips
measured from MAX220 15 3 30.0
+3V to -3V or -3V
MAX222/MAX232A/MAX233/ 13 a5
PHLT MAX242/MAX243 ’ )
Transmitter Propagation Delay TLL to MAX220 4 10
RS-232 (Normal Operation), Figure 1 MAX222/MAX232AMAX233/ ve
tPLT MAX242/MAX243 15 35
MAX220 5 10

Note 4: MAX243 R2pyr is guaranteed to be low when R2j is 2 OV or is floating.
MAXIMN 3
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ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)

{VCC = +5V £10%, C1-C4 = 0.1pF, MAX220, C1 = 0.047yF, C2-C4 = 0.33yF, Ta = TMiN 10 Tmax, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX § UNITS
MAX222/MAX232A/MAX233/ 05 1
tPHLA MAX242MAX243 ’
Receiver Propagation Delay RS-232 to MAX220 06 3 .
TLL (Norma! Operation), Figure 2 MAX222/MAX2IZAMAX233/ . 1 .
tPLHA MAX242/MAX243 0.
MAX220 0.8 3
tPHLS MAX242 0.5 10
Receiver Propagation Delay RS-232 to "
TLL (Shutdown), Figure 2 - H
tPHLS MAX242 25 10
Receiver-Output Enable Time, Figure 3 | teR MAX242 125 500 ns
Receiver-Output Disable Time, Figure 3 {1DR MAX242 160 500 ns
. — MAX222/MAX242, 0.1uF
Transmitter-Output Enable Time (SHDON g
. ) teT caps (includes charge-pump 250 1]
Goes High), Figure 4 start-up)
Transmitter-Qutput Disable Time (SHDN B! MAX222/MAX242, 600 s
Goes Low), Figure 4 0.1uF caps
MAX222/MAX232A/MAX233/ 300
Transmitter + to - Propagation Defay ~ ¥ MAX242/MAX243 s
Difference (Normal Operation) - =
MAX220 2000
Receiver + 16 - Propagation Del o RsarimiL N 100
v - rropagatl ay 4 MAX242/MAX243 n
Difference (Normal Operation) (PHLA - PLHR S
MAX220 225

Typical Operating Characteristics
MAX220/MAX222/MAX232A/MAX233A/MAX242/MAX243

AVAILABLE SUTPUT CURBENT MAK222ASAKME
SUTPUT VOLTARE vs. LOAD CUBRENT vs. BATA RATE ON-TINE EXITHIG SHETDOWN
10 11 T +V
b} ﬁ ™
) uF § . OlﬂPUTLOADG(mENTE |t cAPS —| o E
EITHER ¥+ ORV- L OADED 10 FLOWS FROM V+ TO V- wI/ND O
g | ETHERV: R P : O-IF CAPS
s 4 |—VGC-*5V — - < 8 —
& NO LOAD ON = o= SHDN
£ 2 | TRANSMITTER OUTPUTS g s Vor = +5.25V 2 W
2 g | (EXCEPT MAXZ20, MAX233A) £ .. 2w
] 1 | =) }__NJ.CAPS i
5 2 Lv-100m. 80 LD ONV-- 5 7 oif ] 2
5 ! E Voo =475V X yF CAPS
2 4 0.1pF 11.11:——-—1 3 1
. —— 5 | = N~ 0.1F CAPS .
o V- LDADED, NO LOAD ON V- . v =
0 5 B 15 2 % E 0 2 2 £ N 6 S00ps/d
£0AD GLRRENT (inA] DATA RATE (ibits/sec)
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SHARP

PC817 Series

PC817 Series

High Density Mounting Type
Photocoupler

® Lead forming type (Itype ) and taping recl type (P type ) ace also available. (PC817WPCS17P )
@8 TUV (VDE0384 ) approved type is also available as an option,

B Features
1. Current transfer ratio
(CTR: MIN. 50% atI¢= 5mA ,Vce=5V)
2. High isolation voltage between input and
output (Vi : 5000V o)

I Applications

1. Computer terminals

2. Systemn appliances, measuring instruments
3. Registers, copiers, automatic vending

machines
3. Compact dual-in-line package 4. Electric home appliances, such as fan
PC81T : 1-channel type heaters, etc.
PC827 : 2-channel type 5. Signal transmission between circuits of
PCB837 : 3-channel type different potentials and impedances
PC847 : 4-channel type

4. Recognized by UL, file No. E64380

B Outline Dimensions

pCa17 g} PC827

25440325 Intemat connection diagram 25440325
o @),;!1 ?G)
T8
Anode mark
@
© w  458t08
£,5
« l -q§
[~] (4]

PC837 ;
Internal connection
diagram

£
«a
Ee| o 620 0OY
§ rtanamr VOV V) TR AR
81 81 81|y ™ ™ S B4 I | P
s e Ml (OR M RONON ]
ll2O® ©® O Anode
0_9102 %WE.“
1.2*903 @@@M Cw
% 14.74+05 762493 £ ?.,I
% o I cl &

n] W 3

g T =W

I gl | R

& _JLossor —+ = e DDOD Anode QOO Emiter
2 0=0t13 @O Catrode OB

" Inthe sheence of confirmaion by device apecification sheets, SHARP takes no responsility for any defects #at cocurin equipment using any of SHARP's devices, shown i catsiogs,
data books, akc. Contact SHARP in order fo ablain the Iatest version of the devics specification sheets bafors using any SHARP's device. *




SHARP PC817 Series

B Absolute Maximum Ratings (Ta= 25°C)
Parameter Symbo! Rating Unit
Forward current I= 50 mA
“'Peak forward current Trm 1 A
Input
Reverse voltage Vr v
Power dissipation P 70 mwW
Collector-emitter voltage V ceo 35 v
Output Emitter-collector voliage V 5o 6 v
Collector current Ic 50 mA
Collector power dissipation Pc 150 mW
Total power dissipation P 200 mW
“Hsolation voltage Viso 5 000 Vs
Operating temperature T o -30to + 100 C
Storage temperature T o - 55t0 + 125 'C
“*Soldering temperature T aot 260 °C

*1 Pulse width<=100ys, Duty ratio : 0.001
*2 40 to 60%RH, AC for 1 minute

*3 For 10 seconds
M Electro-optical Characteristics {Ta= 25°C)
Parameter Symbol Conditions MIN. TYP. | MAX. | Unit
Forward voltage Ve Ir = 20mA - 12 14 v
Input Peak forward voltage Vi I = 0.5A - - 3.0 \4
Reverse current In Ve=4V - - 10 uA
Terminai capacitance Ce V=0, f=1kHz - 30 250 pF
Output | Collector dark current Icro V=2V - - 107 A
*Current transfer ratio CTR Ir=5mA, Vg =5V 50 - 600 %
Collector-citier saturation voltage Vepe | Ie=20mA Tc= ImA i 0.1 0.2 v
Transfer | 150lation resistance Riso DCS00V, 40 to 60% RH s5x10® | 10 . Q
charac- | Floating capacitance C: V=0, f= IMHz ! 06 10 pF
weristics | Cut-off frequency fo Ve =5V,1c=2mA, R L= 1000, - 3B [ 80 - kHz
Respotise time I;:‘:::’: : Ve=2V,1c=2mA, Re= 1000 : :: t:
*4 Classification table of current transfer ratio is shown below. Fig. 1 Forward Current vs.
A‘Tbient Temperature
Model No. Rank mark CTR (%)
PCS17A A 80 to 160 50
PC8178 B 130 to 260 — \
pC817C c 200 to 400 g \
PC817D D 300 to 600 = \
PC8&TAB AorB 80 to 260 'E' £
PC8&7BC BorC 130 to 400 5 \
PC8#7CD CorD 200 to 600 E » \
PC8®7AC ABorC 80 to 400 &
PC8#78D B,CorD 130 to 600 10
PCB#7TAD A,B,CorD 80 to 600 0
PC8 &7 A, B, C, DarNo mark 50 to 600 25 0 25 S0 15 106 125

®:lor2or3ord Ambient temperature T, ('C)




SHARP

PC817 Series

Fig. 2 Collactor Power Dissipation vs.
Amblent Tomperature
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Fig. 3 Peak Forward Current vs. Duty Ratio
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SHARP PC817 Series
Fig. 8 Collector-emitter Saturation Voltage vs. Fig. 9 Collector Dark Current vs.
Ambient Temperature o ’Amblent Temperature
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Fig.10 Response Time vs. Load Resistance Fig.11 Frequency Response
500
Vep=2V Vep=2V
fzz Ic=2mA g =2mA
Ta=25C : 0 = H T, - 25°C
S0 =a ‘
= - L7171 o N N
s /“‘f g’; AT
g " =< : 4 1kQ
g ° = =i ] 2CP T
: - T § \
& g 1, 2 \
] \ \Wi
0.5 & ‘
02
ol o1 1 10 65 1 2 S5 10 20 50 100 200 500
Load resistance R, (k) . Frequency £ (kHz)
Fig.12 Collector-emitter Saturation
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@ Please refer to the chapter “Precautions for Use ™
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Application Circuits

NOTICE
@The circuit application examples in this publication are provided to explain representative applications of
SHARP devices and are not intended to guarantee any circuit design or license any intetlectual property
rights. SHARP takes no responsibility for any problems related to any intellectual property right of a
third party resulting from the use of SHARP's devices.
®Contact SHARP in order to obtain the latest device specification sheets before using any SHARP device.
SHARP reserves the right to make changes in the specifications, characteristics, data, materials,
structure, and other contents described herein at any time without notice in order to improve design or
reliability. Manufacturing locations are alsc subject to change without notice. ‘
@®0bserve the following points when using any devices in this publication. SHARP takes no responsibility
for damage caused by improper use of the devices which does not meet the conditions and absolute
maximum ratings to be used specified in the relevant specification sheet nor meet the following
conditions:
(1) The devices in this publication are designed for use in general electronic equipment designs such as:
— Personal computers
— Office automation equipment
— Telecommunication equipment [terminal]
— Test and measurement equipment
— Industrial control
— Audio visual equipment
— Consumer electronics
{ii)Measures such as fail-safe function and redundant design should be taken to ensure reliability and
safety when SHARP devices are used for or in connection with equipment that requires higher
reliability such as:
— Transportation control and safety equipment (i.e., aircraft, trains, automobiles, etc.)
— Traffic signals
— Gas leakage sensor breakers
— Alarm equipment
— Various safety devices, etc.
(i) SHARP devices shall not be used for or in coanection with equipment that requires an extremely
high level of reliability and safety such as:
— Space applications
— Telecommunication equipment [trunk lines)
— Nuclear power control equipment
— Medical and other life support equipment {e.g., scuba).
®Contact a SHARP representative in advance when intending to use SHARP devices for any "specific"
applications other than those recommended by SHARP or when it is unclear which category mentioned
above controls the intended use.
®If the SHARP devices listed in this publication fall within the scope of strategic products described in the
Foreign Exchange and Foreign Trade Control Law of Japan, it is necessary to obtain approval to export
such SHARP devices.
®This publication is the proprietary product of SHARP and is copyrighted, with all rights reserved. Under
the copyright laws, no part of this publication may be reproduced or transmitted in any form or by any
means, electronic or mechanical, for any purpose, in whole or in part, without the express written
permission of SHARP. Express written permission is also required before any use of this publication
may be made by a third party.
.Coxt:tact and consult with a SHARP representative if there are any questions about the contents of this
publication.
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