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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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neduvidedhunomalszneunsfnussd

2.3.1 MR 11NYB12995 Programmable Counter Array (PCA)

2993 Programmable Counter Array 30 PCA iiiud niiui@nves szun Timer 14 MCSS1
Fareesdaudl annlindudase hifioglu Tassadranasguves cru uaszga MCsst fiaqlyl
#a321MTH 1 THY892997 Timer/Counter (1111 PCA ﬁ’v:i’linﬂnummmﬁqen‘hizuumsﬁ 1
$11%84 Timer/Counter 1l5nAves MCS51 Fraz¥w M aanugannvesllsunslumsdea
CPUAzFwaAMIzMINIaNYes CPU TAillustann Tavdnuaiz Taseadievesases PCA w2
ilsznouTil&an d1uvD12993 Timer/Counter 1N (PCA Timer) taziFoudeidiuaceives
Capture/Compare (PCA Module) §1u2u 5 4@ Taudoudefuuuuiosdiy (Armay) #amihan
489 PCA Module UAREYA9:81933A2 10139102995 PCA Counter yaiRuiu wieldgmnm
Fufudeszuugnnman (PCA Timer) ¥092393 PCA T szamnaod s Tlsunsamde
fmuaden v lumsniy1d e hivnndygnanife npu mnla Tasannsadmuald 4
vy TasnsdendmuasiniaCPs 1:CPS0 vesiSaines CMOD AviiAe
- fmualfiuenanidideenenniind Oscillator 115 12 (113 6 Ty Tnua X2)

- fmuahivenarwidygenniing Oscillator 113 4 (w13 2 TuTnya X2)
- fimualhiueInnis Overflow ¥892993 Timer0

- fmusliivendggaunint mpu meusniifleuldfundgga Eci nie p1.2
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» » ]
TIUMIRNIMYDINT PCA Module M1 5 4 W uaaz Tugaermnsodmuanihiions

wauvesses dedndase Taoudas Tuga wafidsminse Tusunsumshan Bnaegmid i
&l

- fmualihimisasedudgga put (Capture) Taoaunsaidonas 1%6’111511’41‘1’04641&%1%
WYBUYIBY (Rising Bdge) L1AE ¥OUVIAA(Falling Edge)

- fAimualdhmsadadgenan Output A91439g4 1LY High Speed Output

- Amualihimsadadge e Pulse Width Moduration W38 PWM

- Wi T i Timer thniunludeygauiin (Software Timer)

ueneniiuds TudauvesTuga PcA yail4 il gafinnueansafiren i Tugadug

\ . d .
pa1afe eunseims Wsupsumi i IFiiu Watch-Dog Timer 1880870

[ 16BITS —
MODULE & ‘-———.-Dm.a.cexo

MODULE 1 ‘——I I P1.4/CEX1
16 BITS

PcA TIMER/GOUNTER >I MODULE 2 ﬂ——-[] P15CEX2
MODULE FUNGTIONS: :>:

TIME BASE FOR PCA MODULES
MODULE3 [ell—————— "] P16CEX3
16-BIT CAPTURE
16-BIT TIMER
16-BIT HIGH SPEED OUTPUT MODULE 4 <—FD P1.7CEX4

8-BIT PAVM
WATCHDOG TIMER {MODULE 4 OKLY?

P w
UM 2.10 UTAIAN MU YBITZUY PCA Timer
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Tamileaees pca unnz Tuga gn Tusunsa I 1Ay input Capture 30
Software Timer 136 High Spoed Output i M3h1a1u¥e2993 PCA UsazyA annededgnu
Tu¥o2w6m13 Interrupt 910 CPU W80 Tnufi Tugaves PCA 1 5 yailes g1l Interrupt
$2ufu Fehidnefansfeswents Interrupt 910 Tugayala esdiduwmis Vector lumsuims
Interrupt Anilouiu uagléaumnsaiimsarsgouundsivvesnideswems ntemupt I8

mnvnTugagalaninia corx uffames ccoN Tasdnuazaadadaygna terrupt ¥04

- o
PCA Timer lﬂ‘uﬂﬁiﬂ I CF | CR I ]cc;4| CCF3ICCF2|CCF1 ICCFOI EXCD(;N
l PCA Timer/Counter & 1 f
@E a_ To interrupt
— - priofity decoder
[(Moduez | {4 %ﬂ—ﬂ———
T
I Module 3 % DLFI_
j |
Module 4
Nl
cmon,o@ CCFOyCCAPMN.O 14 7

31 2.1 uarmawuisnsadudaya e interrupt ¥99 PCA Timer
FM3UMIMUYY PCA 13 S 1mfu w14¥dyguen weda P1 (P1.2-P1.7) ilugaruves
Foygnalumsihnu Fuite lifinrs Tusuasymsdmanlifuees pca uédh ndganaves
woin P1 #Faamsorh 1 1awiiy tnput n3e Output wan T 14amdeants ualunsdiniinis
Tilsunsumsmauveaes pca 1 vidganaveanesa p1 AezgnauguasiiamTasians

o
PCAuABzyA Tasernnsouamliifiu1Adsiife

MIHNNEAINIS PCA Ay nesn P1
16 1IA Counter P1.2/ECt
16 1im Moduled P1.3/CEX0
16 1ln Module1 P1.4 1 CEX1
16 1A Module2 P1.5/CEX2
16 1A Module3 P16/ CEX3
16 Lin Moduled P1.7 / CEX4

a1319f 2.1 namansdaassndgg unesa P1 dmiuldauswdu pca
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2.3.2 M348 PCA Timer
. o o a ¥ @ 1 P @
2995 PCA Timer faihureniu vum 16 fin imhidmindadgnne outpus nldnnmsiu
o »

TiléaTugaves PCA #e 5 qa Taeriamuesaees PCA Timer U YAMILRUMINNUNN
FRawmed CMOD linz CCON #12993 PCA Tuqnm 5 4A T 321991119819112993 PCA Timer
sgmmnﬂumuun Tasn151721v64 PCA Timer 11y azMnuadnyazyedeg e nput 18 4 uuy
Tasfmunrunisiia CPSO:CPS1 ¥os3immes CMOD Ssdnuaiz Taser319%842393 PCA Timer

»
Wummnsoumraa i 188

N ToPCA

modukes

Fosc /12~

Fosc:4 ._.| — H I L lovetﬁ:w i
T0 OVF ——fed = i L

P12 o 15 b up-down counter
l T
feou|word | | Icps1]cpsol ECF l Moo
e T

[[cr [ or | [ cor] coref coref corifcero] S5

3107 2.12 ustae dnvmz Tnsead 199892393 PCA Timer

vingulsziuldd dia cps1:cPso veaTimans cMOD sxgnl$anusuiudmivdmihfiden
undsiuliadgygrannfmamsutleudiu Input m131719992993 PCA Timer (CH:CL) Taoms
Y19149992993 PCA Timer tusziduduhon 8idedeimadaia cr Wwismass ccon 1
fieuihy “1” Taonamaifuves299s PCA Timer 11y iflifan1s Overflow a1 mmmv‘ifa:mm)u
M1 Overflow veanesiiuite I dadgygnadervents interupt Tud CPU Mdeinmauguyes
fineCF W33mani cMOD Taodnuaisn131iuve42393 PCA Timer tfu seithsssiundase
hirunsossints Tsunsummniuldfunns 18 Taces ndnfe Wemhnseygnaliae
PCATimer Suduthamy (Fafia CR T CCON il “17) n151iuv0e PCA Timer foedudiniu
aetitoaiu T liey a1 nput #1850 sunefindimgamsmon Tasroniniuvenass

y Ll - 1 L] o A L Q-r
PCA Timeniu szoguifmand CH:CL uaota 1sfinuinaud1nsiuves1aes PCA Timer tiu
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dulhmeayanay nizvernfoiansed

mrensoiims Wsunsusninunalumaiuldfuases CA Time 1882038n15m oy Tas
14301 1vu03m10verflow U Mur F288105u 180301312383 PCA Timer iinis1iu
§miau 500 nfa Ao 18 Taon s Amuamdudu i cr:cL Rumnmmiugagavinay
aansmﬁmmng’aﬁﬁ'mmsﬁa 500 (65536-500) uazezApan1sAmuaniti WA CH:CL 'qnqns:q

d a " ﬁ’l s L4 e A. L]
fufian1s Overflow 1 hiwvfuudansfuves PCA Timer szndu i udulmisnguéiny

233 qumnnifveiimasi CMOD

dm3uidmaes cMoD ihiiimaeiuuia 8 ia 1dmSudimuanuamahauves
PCA Timer Tat39mans cMOD fiszdal3ludnves SER (Special Function Register) AMNU3
uears Dol Selumuhdsismanidaiimnsodida 18 Byte A26785M31LY Direct #30

»
mMIdmumiaears avess smaes lavasaiossedra@uuiniu WawnsalEsmsdhtuuu

seauiinld
un7 a6 uas _ U4 a3 112 Al 70
- - | - ¢ CPS1 CPSO ECF
|

CIDL i WDTE
!

¢ ! |
i | |
5 | i
1

r ! !

;ﬂ’?’i 2.13 uarae In3aerd 1909 CMOD Register

-cL fluila Counter Idie Control dm3uAIWRUMSMIILYE1 PCA Counter ilisCPU 1€
vy Tnumsendandasu (idie Mode) Taudrimuatidia oL st *0” szdiunts
vdeu 2993 PCA Counter 1 101uderitos lalanen Saui$ cPU sxnymiauudafiaw uadn
fmualiiia cioL ffiaudi “1” semaneda nistiafuT¥ages PCA nyansThanwiud le CPU
Sududn 1l idie Tnua

- WDTE iluila Watchdog Timer Enable 1§ miunIuquatsm 191use42983 Watchdoghiari g
21024993 PCA Tugaiia Taeddmuald st 0" sefunamahanves pca
Watchdog tafnfmusliiia wDTE fisiauilu «1» seiilunmamshnuuesas pca

Watchdog

82450
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- CPS0:CPS1 iiuiia PCA Count Pulse Select 195 miudmiudonivaaveadyg a

A 9’ o L = Ll d.’
Input N9 A 112995 PCA Timer Miminiy Tasiligaauniadaiife

cPs | cPs frycyrauiiilan Ay PCA Counter
1 0
0 | 0 |Internal Clock %i%a F_,_/12 (F,,/6 114 X2 Mode)
0 1 | Internal Clock %8 F__/4 (F_,_/2 W4 X2 Mode)
1 0 n1¢ Overflow 994 Timer-0
1 1 [ External Clock fitleultiiundtyros ECI vida P1.2 (PuTigean
F_../8) '

asc

MTR 2.2 nmguaiAvesI Saimes CPSO-CPSI

- ECF ({luiia PCA Enable Counter Overflow Interrupt 18 m35unuqunisiosvenisinterrupt
4892985 PCA Taoddmualdta ECF iimihy “o” szvanods dlumsilamisdesvenis
Interrupt 1102993 PCA Timer uatdmualiiia ECF fifisdh 17 szdlumseygnaliila oF
i3S mans CCON Yinmis§oevoms Intermupt /s CPU iiomsiaiuvesTuga PCA Timer iin
M5 Overflow %"u

2.3.4 gunninvs3omnes CCON

d wmhiTimees ccoN Muitmanivuia 8 iin WdmSuuamsaomzuaznuguas
¥ 91UUB42995 PCA Timer latisomans CCON fivzdal¥lunmyne SFR (Special Function
Register)AUtMiauoaas s DeH e tumsdhdsssmaefditannsodida i Byte §103501
LUV Direct3omsd A mMiuBAMITIONTImAnT Tasnsaivsetra@eaminiy Tiannsold

Fnuddawanszauiiald

Un7 A6 1ns 14 1in3 1n2 unl 10

CF CR - CCF4 CCF3 CCF2 CCF1 CCFO

311 2.14 ueraaInsaad 19989 CCON Register
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- CF il PCA Counter Overflow Flag 1itaasera1ugmsfiamues PCA Counter Taodailees
i “1” ilemsdanives PCA Counter 3An3 Overflow $u Taodriimsimualiiia ECF Ty
T3mand cMop fiduihu “17 13870 ledia cF fignigadiu «1” exfimsfesvems memupt Tl
cpu Fuenve Taudledin CF gnigadiu <17 udrdenimssdantedahmandesiaduihy
won Frwhlsunsuifiveotrafeaniniu

- R tuiia PCA Counter Run Control 1 m3un7ugan 151 1914409 PCA Timer Tauile

l’a’

Amualidatinaiu <1 szfumsdald PCA Timer Guduhan uazidosmualiiiatitm
(i “0” siuntsdanganiaf 197984 PCA Timer
- CCFx iflufia PCA Modulex Interrupt Flag W¥dhmiuuaasaoiuzmat 191uves PCAModule ua

2yA aAiia x 15U CCF4 Wuamanouzyes pca Tugafia dau cor1 Alduamsaniusms
Yawes PCA Tugafil dhudu daiin corx Hergaialifidudu-- demahamvedluga
Fuqassmmidonlvitdmual? wazdledia corx gaidaiher udrezdosddidantondod 1
nduihi “o” drelilsunsuifvsatudoaniniy

2.3.5 N11111914983 PCA Module

2993 PCA Module Tu CPU 1183 PR9CSIRDZTS9C51RD2 i:ﬁﬂfjﬁwﬁu'ﬁmuﬁ 5 gadanhiu ey
uRazYR mmsnﬂﬂzhlmmuﬂﬁﬁnnﬂmwmuﬁaz’[ugn usneenviniu 1decbaszdaud
azTugaves PCA 1 anmsoTisunmumifinsvhen i nmemiiiidiide- 2095932980 Input
Y119 16 AUV (Capture 11111 Positive-Edge Trigger)
- 299339931 Input YUIA 16 VALUUUYBUVINA (Capture (111 Negative-Edge Trigger)
- N93AI29%Y Input YVUIA 16 ﬁmmmfumu (Capture {11V Positive UDY NegativeEdge Trigger)
- 299319 161A (16 Bit Software Timer)
- Nesadadygnat Output A Iganng 166 (16 Bit High Speed Output)
- 2wvsafafygnal Pulse Width Modulation 1419 81l (8 Bit PWM)
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Tasmisfimua Inuamsdiuvesises pca usin:'inamfunz'lﬁ'ﬁmnaf CCAPMx v
msaauRudan udnz Tugn Tauiissmass cCAPM seiiamnua s %A flo CCAPMO-CCAPM4
Tao#3Seimes CCAPM ynada sxfigumni@imiloufunalszms fowd hesimihiilunts
ARUNIHMYBINT PCA udas Tugaanid dy Tao S3mand ccAPMO fezldnrunuiaes
pcA Tugaiio dniiSmmes ccAPMI Aoz lddmumumunisiauvesases Poa Tugafil uaz
Tt wesdnfusmani ccapm4 flezléd miusugunshauwesses pea Tugaiis diu
Au |

2.3.6 qumniniivesidained CCAPMx

dmirsames ccaPMx SIS mAeiua 8 T 197 miudennihiimahey
fuTuga cpa Tauiismaodil sxTlog#aufus s A ABCCAPMO, CCAPM1, CCAPM2,
CCAPM3uaz CCAPM4 laopainuiinvesddamesuaazdd sziviloufuymiszais Aadu
vaudazdez I§tmiuniugumsiinuvesluga Pca argaiu na1fe S3mmes CCAPMO
fezl¥dmiunugumsihiauues 21es Pca Tugao duduudiiosninniiimsihaves
Tommeifa s qﬂf: Tnvazmiouiu fnfulufiitiwendresuus iy Taedraderiu
CCAPMx tinu @arh x flezmanoia Tugayafix Saiie 04 vuiea Taoismaes ccAPMx flezial}
Tueiauveq SFR (Special Function Register) Uazl@MNILOAASE 8YI2NT1 DAH-DEH
awdidy Selunmsdhdds mmefiaiennsadiia i Byted 20381301 Direct WioMS
Susumisuennsavessmand lavasufisisdadvarini himnsal§Bmadidawy

szAvuDald

Ua7 a6 ias fing a3 a2 val  vao

TOGx | PWMx ; ECCFx

T
- | ECOMx | CAPPx CAPNx | MATx

|

| 5

;
[
]
i
1
i

P
717 2.15 umraaInsaerd 19909 CCAPMx Register
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- ECOMx (luiin Ensble Comparator 1¢tmimAennishinuvesluga pca Wity
2393 Comparator TaothAmualiiiaiiteuihy «1” szdumsillantss 1miaiduComparator
vo1luga PCA ﬁqnmuquhu‘iiﬁmaﬁmfuq wu SnihimsdmualddaecomMs vesitmmed
ccaPM4 fezdlumsi@anshaniiisu Comparator voe PCA Tugaiia udu

- CAPPx 1luiia Capture Positive Taothdmunldtaitisuth <1 sedlunisdmualiaaes pca
himsas299udgyg)al Input (Capture) ‘luwzﬁﬁ'mmmnﬂwaumi‘fu(nism Edge)

- CAPNn tuiin Capture Negative Tnefhdmualidailiaiiy <17 sedumsdmualiaees
PCA T 15a3 799U dFeyg i Input (Capture) Wvaisfidognauiluveuwia(Falling Edge)

- MATa iiuiia Match 1¥dmiuusasraiuznisiienueassss PCA Tauﬁm‘fe:qmﬁnlﬁﬁm
du “1” domsiauves Tuga PCA uukafisasefuives PCA Counter

- TOGx fuila Toggle 1¥dmiuuaasanuznihavesTuga PCA

- WM (fuila Pulse Width Modulation Mode 19dm31 onmsyhauvesTuga pcalvih
wihidhuaeesadrdygnu pwu TaaidedmualdSatimdly <= sudlumsdondmualy
Tuga pca fignifentmihiterdhedygia PWM senfindggnacExn

- ECCFx {luila Enable CCF Interrupt 1¥dmMIununun13309%0 Interrupt vo1 TugapcAa Tast
fmualdiatitauu < silunisdseygndliTuga pca yioms§osuems Interupt 1in

CCFx W33eman3 CCON woaTuga PCA viuq gadimuatifinuiu- Pnouuds

ECOMx | CAPPx | CAPNx | MATx TOGx | PWMx | ECCFx Tvaanisinu
0 0 0 0 o 0 0 | lbivw
X 1 Q Q o o X 16 Bit Capture ﬁamn‘%u
X 0 1 0 o 0 X 16 Bit Capture 98U1 784
X 1 1 0 o o X 16 Bit Capture %T\i 298U
1 0 0 1 0 0 X 16 Bit Timer/Compare
1 0 a 1 1 o X 16 Bit High Speed Output
1 g 0 1 0 1 o 8 Bit PWM
1 o] o] 1 X o X Watchdog Timer (PCA-4)

A13°91 2.3 uaraamsimuamdmiuden Inuanisiinuvesluga pca
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snmevziiuldihTuga pea i sunsess Tsunsumdhfinmietugpliuuseg e s
Tnuamsihaudaodiu fe

- 16 D Capture Tulnuni] msThauvesTuga PCA w24 mihfinevasassumsiAnunlasves
foygnal Input Tavaunsotmuadnumznisasnduldnuluga pca 14 sdnvaizde Amuald
ﬂeum'mi’utﬁaﬁ'ﬁuq;1eunl'ﬁuumlnmmq:tﬁuhwaumi‘fu (Rising Edge #30 Positive Edge)
voUY194 (Falling Edge 130 Negative) wiseredmualineshmaasaedumsnldnulante
$rithuveuniunazvovununoi 14

- 16 1A Software Timer/Compare Tulnunil Tuga PCA seimihinesnSouounnives
Tuga PCA uag PCA Counter Taodlenmiuvesssvsitaz ffwihduszidamsiterupt Y1

- 16 1im High Speed Output Tulnuail Tuga PcA sehmsnfSououmaiuves pcaunsTuga
PAC Counter uAvefin1snSuenuzues Pin Port veduae Tugadan iionamsnfSoifiouase
awiimmuall

- 8 11 Pulse Width Modulation TuTnuafl luga PcA sevimihitadredygna pwmeanhlfeon
CEX vousnz Tuga PCA TasmisvinuvesTuga PCA luTﬂunffszmmmmuqu'lﬁﬁi'n
figyga PWM v 8 iia lasainso dmsfmuanienlaounlamiDuty Cycle vosdgana
PWM TRaudoams

- Watchdog Timer TuTnunil 1214140 Tuga Pcad 1ﬁm'4mﬁumh\fu du Tuga PCABUqe:
'hifnmmﬁmuamsﬁnm'lﬁﬁmﬁ"lﬁ'lu'luunﬁ:'l#nﬁmmnnﬂ'lﬁnﬁﬁ'mmma'[nqa PCA 1fu
fegawimmuTnumdséndn hludaludradu usdmiuluiiavendnnvazBoans 1§
smves pcA Tuga mmizdaumsniaees PCA Tuga luTnuavesntsadndgygna PwM
winfu flesnndudndifudesiumsatisdagnapuse dmiuldaruguarsihemves be
SERVO MOTOR aumsmauves PCA TuTnuaduq Y
vol¥§dAnu Ay 149t 1uves Data Sheet 81 CPU 104
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2.3.7 Ma1aves PCA Tulva Pulse Width Modulation

Tulnunil Tuga PCA setmiardndygna PWM senluen CEX vealuga PCA
Tasn1sdhauvesTuga PCA 'luTﬂunﬁ'szmmmmuqu'lﬁ alndgygra PWM e 8 1ia Tay
anmohamadmuanisulanunlasei Duty Cycle voudggna PWM 1Aamdoins

CCAFnH

CCAPNL

0
CL < CCAPNL
ENABLE

BB
COMPARATOR '_"D CLxn

CL ==CCAPnL |
i i 1

OVERFLOW CL

PCA TIMER/COUNTER

CCAPMN, N C 4

-— CCOMn CAPPN CAFtIn MATN TOGH PN CCCrn {DAH-DEH:

g1l 2.16 ummaTassadenisihaves pCA Tulnua PwM

dmSunanmininuves PCA Timer lunvaddyanu pwM Yuszerdoranisnlouioum
asiuy 8 fia 33Mi1e PCA Timer (Fsmmnlsn@livinn 16 i uAly Tnuaiiee Wnaua 8
{ia) Tauims1Tuves PCA Timer ez 1¥33aimed cL dududtummsiy Taskansiiuvescr
sgmi TS sufeusumiimual i immes ccapaL Taedirinsiiuees PCA Timer 1
Femaed L innteontimndmunl3lu Sianed ccapnL udnzBkadnivesdygadii
0" # Pin Port v8a CPU kP #iiiu Output Pin v84 PCA im'lfu‘](CEXn = 0" uadm
paluvedismant CL fiswifumiernnnhmfismua i luSmaes CCAPIL udaez 1Anading
By “t*7 Pin Port ¥03 CPU it m1#is Output Pin ¥94 PCA $831i1(CEXn = “17) Tauseiiiu
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oL o

o d L3 L 0’0 - o 3 \ o o=
Tieeaed CL Fagnlfdmimhmsiiniu fvuadlu 8 fia snfuswamsiuveddsmees cL

3
SsfimmmiunuuIuTeuegizn i 00H-FFH (0-255) wie 256 fmed Taeynaadaiima iy
¥o139mae CL (Hafufunie Overflow nIemmuiuiund FFH 1 mmstivvessSaned
cL szaundualidudud oo Tmiense Favfum Period wie A vesd gy PWMITUSE
Suegfurngaives 256 fu Mmmidvesdygrennitnitfoulifuaass PCa e Faedruu
fygnannimitiouldiu pca evhnsiuimnag e fhmunmﬁ’:mummﬁqwmw
PwM fseiiduiiu 256 Hz Tanffenw taush Duty Cycte niomaunmidludaurnuazdnay
vesdoygnas PWM i WWenmsdmuamdrdsmsnFoudeuiidmualifuismme focApL
unu Taws1 Duty Cycle vosdggnas PWM szfimua Taoarlu cCAPL Tasdidmualdnives
ccAPL fidnfensz 18anuasvesdgygna PWM filimunaduininn uaddmualdinves
CCAPaL fifnneeh 1M ddnyasvesdggna Pulse Aimunm@nuinter Taessfiszdmua
WAu3smmes ccaPaL Tt st WA mun AT Soumes i Taoass udsedmua i hismaod
CCAPnH tinu 'inmzlﬁu'lﬁ"h‘lunnqﬂ%ﬁfhmiﬁmmﬁ?mnﬂf CLiuAR Overflow H3eifu
ATFFH seiimidadggnali 1013 Reload M3 3easT CCAPnH 1NG3iMABS CCAPIL 90
afifuiere dretrasu driimadmuam Wi tames CCAPIL (fvuaru CCAPnE) #aos1
10 318 dnvaizvesdygnas PWM Al Wsziimunawesdygnadnay (07 o 10256
wievesrunaamun uazfselinunalu@nuaner) dunm 246256missyesmunm

2
wamuadiudu



25

a s o ] < o4 o . .
uwRanaz i tumsdinnasimniikesandwiudinu i izuy PcATimer af
J o 1 - =
dgyg s PWM Ailla1uani 20mS uaziin Duty Cycle ¥oadgg10in12AvinR ImSuas 2ms
» | 4
dAmsuniuqumstiauues DC SERVO MOTOR annsauaasifiviulddsvuneuse lulii

ABNIALIRNIDY PWM(Period)
PFBUMTIILYD PCA Timer (8 Bit)
dostlaudyqounfin 1t PCA Timer
Al XTAL FitleuWiu cPu
Aunsasdtynaning 1 Cycie

1 Machine Cycle 184 CPU (X2 Mode)

1 Machine Cycle %184 Timer0 (X2 Mode}
Ho9n123 Timer Overflow l 78.125uS

deaituaai Auto Reload 1Y Timers
ﬁmn'\?ﬂ'\unﬁ"ﬂﬂﬂ PWM 1"]‘“.!'3“ 1msS

dasimuraFaueui CCAPRH
ABINTANLIIATTEY PWM T9USN 2mS

et uusA e udault cCAPH

20msS

256 Cycle

20mS /256 Cycle =78.125uS
18.432 MHz
1/18.432 MHz
54,253 nS

54.253 nS x € Clock
325.526 nS
54.253nS x € Clock =325.520 nS
78.125uS 7 325.520n8
240 Cycle

256-240 Cycle

16 Cycle
1mS/78.125u8

12.8 Cycle =13 Cycle
256-13 Cycle = 243 Cycle
243

2mS / 78.125u8
25.6 Cycle = 26 Cycle
256-26 Cycle = 230 Cycle

230

urrsTEmsdnoasniimeddgdmivldlunsadwdggre PwM
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e Tdsunsudadueziiui sslimsiiwasduvea Tusunsudeq eenithi 3 dou
fotu TaoTdsunsuluduinssBudmveans Initial A153MABTA197489 PCA Timer unz
dnfinerdesdotmuanihimsiuyes PCA Tuga#t 1 unz 2 (CEX1 vie P14 unz CEX2
n3eP1.5) dmiuimei u Inua PwM TaoludaeraTdsunsuseifionld Timero uaz PCA
Timer 3aufuTunsodadoa PWM 333201 Timerd ssgadmualdhwhiidmivadhagm
1P T1T(Input Clock) eflou 1129931784 PCA Timer 69U PCA Timer Yusedanan
maiuldiuTugarca s ) uiludedhafu ziims Tlsunsumis1damTuga PCA (s 2
¥ Ao PCA Tugat unsPCA Tuga 2 dmiuiEnndnnuswiidestmualimiiiamed
aanseesnelid lmedhuimomalumslfon Wi nnsiadnamsmmniinefag
138y sistu szaumamaees PCA Timer uTnuavesmsadedogna PWM tu ms
Mauwenssiuezdhuiuy 8 in Taeliisamed L imsitum Fsimaiuves CL s
JUTBUATITIEYsZNI19 00H-FFH e 256 i unzidiomsiuifians overflow wiefiuvin FFH
AszndvlGudiiiulmion oon 8n Taodeufesudniulmivin FrH e 0o u azfins
Reload 1910 CCAPnH 1 Wiy CCAPAL fowaue TasAwes cCAPaH sudiumdminudmua
AMYBITYYIUAFNAUUAZENLIN (Duty Cycle Y83 PWM) B IUAIYBA 20mS / (CL x 256) 92
(s Period weaifgygies PWM fieshims Reload 51111%45&;@1& PWM fiisndesnisluns
AUHUAITNIUYDI DC SERVO MOTOR Y 1318013 Fy e PWM Ailuinavesniuiam
(PERIOD) 11 20mS dahuito Tmamauves Tsunshifanansddou 53 hideants
Whlnfanuatasminmnivvesisamed CL nafe wdesismasy CL yimmiuudass
(useLIN 00H-FFH Aerlesi T hidsy sundisziinsdmgamaiy dnfuludusuusn
151'€qé'aaﬁ1msﬁ1mmum'waqﬁﬂmmu1ﬁmﬁsz1‘]nm‘1’lu Input ¥0IN151 YOI PCA Timer
w3p CL mese i hesdesflousidggnennfiméeamnudonlaliiy PCA Timer
M3TUE M 256n53 (OOH-FFH) 3992 14R100001 20mS Faez 1&iniy 78.125 T TasSunid

(78 125uS) 845 11M T T11Y03 PCA Timer uamniadenundsfuiiadygnanniim1f 4 unas
uiundefamnsassiun g IESuNIE A0 910013 Overflow Y04 Timer AufuszAoNING
fmuaInuamshauuesIzuy Timeo el ad1ndygnannfimitiisauna 78.125

W lns3uri(78.12508) Famnaaves XTAL #flen1#%u CPU uas Timero tuszdiu

18.432MHz a9z Imunmvesdyonannim 18.432MHz (Ju 1/18.432MHz we
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5425311 Tuu41(54.253nS) Tren11i1uves CPU uaz Timerd 9219 uuuy X2 Tnua nie 6
Clock / 1Machine Cycle iy Feseinuilu 5425308 x6 n¥e 325.520 TuHurd (325.520nS)
TAet3 180915 IN52UY Timerd MM aTULAHANS Overflow A28M 111701 78.125uS ¥ 1 Cycle
¥4 Timer0 1% 1msfssiauiiu 325.520n8 FahuezAoal Timerd vmsiusmiau 240 ade
(78.125uS / 325.520nS) Fanziiun1nuves Timer sif iy 256 afe Aniumsvhnsdmua
Tnuams?hamiwes Timero 19U 8 Bit Auto-Reload 1ie T sunsyey 18 hidena T
M3 Reload A0 151701 Timer0 nai @oifans Overflow Tuudnzads udidoannszuums
11999 Timerd Whuuivdu snfulumsdmuasmsiu Wiy Timero szAoNIAIGIAYDs
Mt (FFH n30 256) uinisvinausenniniidesms iy #eluitiisdeanis ¥ Timero
MIN5UY 240 ﬂ%i"q ﬁ'n'i"ui'ﬁmﬁmuamnﬁ Reload 484 Timer0 11U 16 (256-240) AM3un13
fiuaai1A1 Duty Cycle ¥838Q9)100 PWM 92A11200#549 2 /1 B ImS uaz 2mS Fanniuves
PCA Timertuaziiunndgygiannfinei 78.125u8 dnfussIdmdmiudmunsi Duty Cycle
03 PWM (i1 243(256-(1mS/78.125S)) LIE 230(256-2mS/78.125uS)) A& uF 803513
fmuanmsiiaeiamagdudu saflumsaiuguliaees PWMI(P1.4) uaz PWM2(P1.5) i 1
msadedgana PWM Fsfinuinat n3e Period ¥118 20mS nsfAute2 SeadauM Duty
Cycle Yiu PWM udnz¥os ennsodmualdetnsassamdeimsseniig 78.125us Teudls
20mS 1auf1 Duty Cycle 32 mua 1S imans CCAPRH (PWM1 ~ CCAPIH a1 PWM2 =
ccap2m) Taoridmualdfudiaaes ccapat usdugamisvesdoymu PWM

SEM 70" uaz “17 1%y i muaf1ves CCAPnH dlu 243 vemnefiah Foga PWM szl
anazilu <07 $1u7u 243 Cycle nazeziianiziiiu «1” §14u 13 Cycle Fnfunsfidmualim
CCAPnH fif 243 Sudlunisiinualidaygna PwM fannaziiu “om unar 19ms uasii

anziiu “1” funan 1ms Taslszunaniuies



28

2.4 manfasuaminaluizin 3 §id (xyz) ihmdanlglumsniugu Servo motor luudazqa
- d
2.4.1 NQUGUNENINBEN
24.1.1 NQUHMUMALIYUIN

ANuFURUTve I ATIRIN

2 2 2
a ¢c=a+th

b

11 2.17 gdaumadnnpmin

2.4.1.2 nqufaunaoylaqg
anuduRusvesmumdeula q
c=a'+b'-2abcosC

2 2 2
b =a +c¢ —-2accosB

::12 = b2 + c2 — 2bc cosA

U7 2.18 geumdonla 4

2.4.1.3 STUUNAA
z (X -"}rr?‘) A °_ o v - -
, - tiiegAfIliABY o YA Original

o o o
AImduRuseIngY
y 2o x2+y2+zz
z =rsin (L
r,=rcostl
- Y =1, sin ﬂ
£0,0,0} =rcos (L sin B
X =r_cos B

A = or a [} = ld‘ - =
117 2.19 szuuiidadisgai wiregngafiuiia = rcos Ot cos [3
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‘ -3 ) L] ] o -
- tiogatuiia hildeg u yafuiia

= (e, x1)2+(y2 - y,)1+(21 - Z,)z

x

11 2.20 szuuRfilegafiia Tunhiugaduwia

2.4.2 madizgaanguinlyoleiuvuna

- amaiaveanvunalugtuuy 3 i@ uaz 2 11d

{1.0.1h)

Z

Tﬁ \:

X0, ¥ L v

Ajis

I,
(x 3,\-':72 )

. T i
e Afix

Hix
@) |

Uy
n Ty
X

31 221 uerAsuvunaiasaouiuRia 3 1A 11U 2.22 namavunaisufiunia 2 I8

' . ] »
dmiunshaununbzgnalfefadunsdanaumadidumiiuteTwevunatiuezaain

: <y - A 9 DA - ﬂl.
JTUILNA 3 1A Ao ArAuN XYZ mﬂ:tﬂumsmmmemszmu 3ua ﬂ'llﬁvﬂllﬂll U XY n

- U. - 1 ﬂ. A lJ
iy 2 18 Taolugund e niledusesiind g fignsey udafe T, A, H,, Fuilusives
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»
. 9 o o [ ' A
Twin, Anm U182 Hand Amudidusmivs weansafnoammves r ez 1$lumsdnoam
dumisiignAoeae 114

ANUAURUT
2 a2
- I, =r (z-h)

r, =r,-Hg

d =B o
zﬂn 2.23 NAAYDIIYHNAIDDN

}
Avanawgldanieidaumn

¥
AMFURUS
l.v T
\ S .
0= tan" (y/x)
¥n x=r,cos O
I'n
y.=r,sin O
1.

Xn X X

4 - v o ¢ - o o ar ]
il 2.24 uampnuduRuSvesdamuazRialm

{xn.'\"nln}

{.0.Ih)

In

711 2.25 urmsrfusened e minasanuduiusvesmumouilénnuvuna
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vinaunislukaden 2. ssmisves T, A uaz r, 18dail

o T =cos™
e A=cos™”
e R=cos”
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(A +5 T,
2A. 1,

)
-

\
Tﬁlz +rn2 -
2T 1,

2 22
Ag +T, -r,

\
(

|

| 2A,T,

J : \ L d 5 H \J
ozl lAuaaitituasugahisvesnisulnaidea i Tnuuldouiiua

A ’ ’ - ' ) 1
metlouifusiud servo motor Tasvingimedmdroiudiumsuaadadmuees Twin nouvug

o o A aa o R o 4 b4 °
M lumsfundeunilimsnugu servo motor n¥oududs 2 @1 dsvnms dgas lunsdniu

{ d o ] - d o 1 >
vinaumMshinanuudnezannsania anq lansudugna vimiusnezhaniugn

] 1 »
fAnoamyuaupinsendniygui dnemsdnnaniniflumsmuguuvunade 1)

i (z=hythen { z- i)

Ty

31N 226 uaRuwunafusTULHRNA

4 . <
JUN 227 uamauvunadumumaoula q

»
Q9 * A L] =
vingilhawuiidumsuaasdimstnamanpmenn g lunnuguavuna

A y 1 L L] 1 L] o y
gelunsditudunsdin a1 z Hannndr b TamsrezannsommO 1884
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z-h
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[l » »
aohhmszdAnnanmyuiunesmiFlumsniunuuvunananua AeyNea Shoulder,
» [
Elbow ,Wrist 1102 Base lauauued Elbow viuiluyunsiifi 1dningaldadufio R diuyuves

S da 1o oA o = > o
Shoulder HHAUBIVIVUA 2 NTAUABNITUN z>h UagnNIdl z<h AU

Shoulder = 4uA+0 (o 2> h

= yuAa-0 o z<b
Elbow = 3uR |
Wrist = JuT

Base = a
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UNN 3

m'i‘ljri’ulﬁﬂﬂﬂé'BQ(Camera Calibration)

3.1 ynin

q' [} P ] o aad ﬂ Pl “an aa oY &l
untiisinandamamuiu 3 Tasaitumsasdoya 3 GAeenninam 2 1A adamanaih

a ar -1 - o -3 fa d o ar =
nodesdunsueanuiu 3iduas adamaasmnoadesdunmsdsuimoundes  (Camera

. . A 1] L - A L -
Calibration) $aozuiisesmily msdszunamamsng M msudaunision muumsng M

3.2 isvndindniumsiviulu 3 iR (Geometry for 3D Vision)

321 madamnlund@nadalandeuifuRiandes

Tuszuunw 2 Gadwingldueinnuesiag 3 Taknuaudvesamisinudvendes
vuunsiRanmansogns1aesl&laon1sld Perspective Transformation 31t 3.1 uaaq
HuuSiaedwquesssunadanIn sumunnuszuuninalan (World Coordinate System) 42u
f'fnmﬁﬂﬂaj (X,Y,Z) HaZUNULAUYESS SUUNARYDINADIA 1S NUSAUAN(x,y,2) LIAUUA NRA
vo1 landouvufuszuuitavendes umnindaglu 3 GAdesruguivesntsTusieaduuda
Tusiemasuunin ga (x, .y, 2, ) unuganfavesing 3NATH (xy, ) unugafiavesiaglu
FEUTVOINN (S TAUUATITTUIUYOIMINGY f vlimssnvesgaduidavesiisandeslavd ¢

anus Ifgeevaud Taonsidmumaouadinlédn

5 =1 G.1)
V4

s
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- o 4 . A Ly . A Y
amsnd K idnuaziuanmaondauy (Upper Trangle) 9418 3x3 199791 Calibration Matrix
a  dod = I3 .. o o
Wunmingidszneumiimesnialu (Intrinsic Para.meter)ﬂﬁmﬂplmﬂﬁm

o & o

3.23 niamnnaveslanlideunufunnavesndes

] » ¥
lunsdifinda lan hidewivfuinandeniusiesinisanningili 3.3 Taseziituiigs
& F d. o 1 A d.' ] K4 ' -~ e o [ L] o
Aanmvesms Ilswafuvesndssgnialimduniduin hilsdunisdodududumiodalan

o ¥ P 4 | =) o o =
mldgannarsveandesiinsdonasBosinuiunnudieds

71 33 uuudeBsmaianin

dd’ v o = ]
1Hﬂ5mu&51ﬂ1ﬂ17ﬂ‘ﬂ'lﬂ’J'HJﬂHﬂHli‘“ﬂQﬂ'lﬁlﬂﬁﬂ'l“ﬂ'lﬂﬂﬁﬂﬂﬂ']ﬂ'ﬁﬂﬁ'l‘lﬁ»l'lﬂ.[ﬂﬂﬂ'ﬁ
- ) a A .
nlauulas (Modify) erun1s (3.7) Taons ﬁ"aumigmé'mumnimnﬂ-nauﬁw (Translation) 0
oy o 5 A b b oS8 o
AanY (Rotation) 1w 3 §id 11 llGsaunmisd 3.7) $ausez TRaunsanuduiuivesidalanduy

noandoslunsannnavesTan hideuvudunnavesndoaudu llaweaunish G.9)

X

1 5

u

R -1,
v =kl o] . ) (3.9)
|=xu 3][‘); 1]2

w z
1
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Taoh R umuumindiidunasiuvesnisnyuszuufion uoz T ununamesaiiuwasauyens

R -T (3.10)
o] 1

memnsodouaums (3.9) Tuphmdeslddiudeumi 6.11) uaz M fAoum3ng

= o 1 ] a o
HusUUNDA 131NA 1IN N

V84 Perspective Transformation

x=MX (3.11)

33 mi‘l.l%'ﬂlﬁﬂﬂnaﬂﬂ (Camera Calibration)

o o o saddo ] d
msSufoundeadiumanilizinasmind M ningaluain 3 GaRfdAumiwnzami

< J : =) o - o = o
(nvyvesys Natinhmarmnimeimelunazwintiweimousn AnTamslSunonlag

1¥ndosdndun

{ o o T aa
Tunmamumindg Misvrhnmsmgaluninismite X =[xy, z] uazyalunm 2 i

= o T 4 o o o
naeandeany [u,v] Tz ldmunisfieglugilaums 3.11) dail

au my m, m; my,
v =1my; my m,; my,

a | (my my, my; my,

(3.12)

— N e K

au myx+ mpy+ mpz+ omy, (3.13)

av|=|myx+ muyy+ muz+ m,

a Lmnx + mny + my,z + m34
° o o a o
Mimsussuealad i aundnd 3 15 1 e ldaunms
u(myx+my,y+myz+my,)=mx+m,y+m,z+m, (3.14)

V(my X +my,y+muz+my)=mx+m,y+m,z+m, (3.15)
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M = [KR|-KRT] = [A | B] (3.17)

o

4
o e “ T w ~
faluaminaton 3x3 unudw A DAmeinednivniegaumudis b NMRRTNG
a o A a ' -1 o vy o =
mniimesszuzindouiicanionensemnidiwlas e = -A" b maed ¢ Ivdeyanuenia

o ) n:i
AU UININANYDY Image Plane

: = P = 4 . a_ d
iU A = KR Tnof K duumsndaumaouuu(Upper Triangle) uagium3ineg R
Hhuynindes Isneusa Mmiusnuming K uaz R a 3o 14 Tas14imaiin QR Decomposition

dwmTuaming A

3.4 MmN 3 lifiveagaluniniaulindes 2 fh

doRnsanmaviAn siAvesynlunnTasléndes 2 @ Taofindeana 2 Aearns
swumaliudsundesdaiinaruds uvuumslidiows 1‘lﬁnﬁ'awfmmd1unm’fnq1u
10 3 AR mawdse Sedlumamnngefismsweuiavesdaza g nnuiimm
firavsagmdavesmiviundonteaesldauns 5.16 Mmsdnnmm3ngues Perspective
Transformation M d1niuudnzndes delilinsneiagindesnsisa 3 Talunn hnem
Jrdsandatuodgalunin 3 fAvesndostiaesda fmualdamindues Perspective
Transformation M 8300327l 1 uaz 21T M uaz M? mwd sy isumunsazuaveamning
M&w m’ ,m! m! huesivatudiniundosifices umuudazioveauning M &
m! m? m

or A
dmsundoan 1 15114

I- 77
u m, m,; m; my y m,
U= |V = My My My My, =MX={m |X
z
w my, My, My My 1 m;
Hueudsrdudmiundosiiaou 1@
.
u' m’l
w= v |=MX=m] |X
(] T
w m'3d
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Taoh w naz w unuisalunwesdaglundea 1 uaz 2 muddy umsmdammnaithingw
A mhmsmdadiuseneeuunalunm3ng Perspective Transformation M
uiviw=m X:m X: m:X
wiviw=m X:myX:m X

»
gt Waumsdmsundes 1 uag 2

T T . i > ’
um, X =vm, X vmiX =vm| X
"x ~wm! oty s T
um, X =wm; X vm; X =wmX
vm X =wm, X vmiX =wmiX

Vo

¥
wmmstaglaundreduinies WWaums midad

—

um, —wm,

T T
vm, —wm,

we
il

AX

I
<>

. T
u' mtg - m'l

T
v|m|;" _wl m!2

smmsudaunis TeTydkisaduuudmiunos 3 08 v X Taosiaulaanizdiaey

1}3219M Non-Trivial W38n38 det{A) = 0
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UNn 4

amsudaudasvindia

4.1 umi
o Py - ‘{ = o 1 oo -~
mulnadusvirdadhumquiiugumasesiureinifinidensalasiisanmnie

o A o 0o E = L] é
Faguildlddanidainilasldnmfiwefvesmaualasdwiunils

4.2 manlaususviadauuusadu

Tummednenfiuasinsfniu 1andiduiudesimmadeudonmdsdumisln
do-venenm wiednmanauamidegluysuesiimumns oy Ssransai 1R Tasldnsudaads
15910 8IA(Geometric transformation)

"lunnﬁmimmmﬂaufuﬂsﬁmsmﬂﬁini’lummﬂmqﬂiuﬂ?gﬁmuﬁﬁ uazifenny
Whlsieluinez@ousglugveauming Tastmualigaidosnnuauiiuga P ifsady
(x,y,2) a9 dledosmsthodumisuessn P §sisalmifie P 3alifisa (v, ), 7) 1A
Tasmstiwidavesga P Mluinfummindmanlasdaifle 7 annsouanwmindveants

wael@asii

P=P+T=[x y z|+|r, 7, 1] @.1)

Y A o & o & - ol L} :
uenuinililiethifinvesya P uguivamingnisulas 7 WidAdalmife P’ fuw
4 J var 1 - o :
flumsmina nranyu msaziou nieduq susgiusminiimesnmeluamindmsulaniuune

L4
annsodiouluglvewming lddail
a b ¢

P=P.T=[x y z]|d e f 4.2)
g h i

divfumalaadusvingialunwnoutiuasiniin Insna 1uudeztlseznoudlons
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tnanagqyiiadsznoudu vazilnsnmumisdmaluplessamindsahlfonlums
9 a dedea v oo =8 = ° a o o e
Anuumingniigduunuandiediu Seldlinsdiszuunitalaluiiiion  (Homogeneous

y »
Coordinate System) 1911 1fifveudilgmiii

= =

lurzvuninalaluudion galussuumuiid (x, y, z) segrunudleszuudiaiud

] 4 A A 1 ] L
(x, y, z, H) Taoezil H durumnwedfilwihnmnadaziahivihdugud v (x, y, 2, H)
vegnueiuenlad (Nomalize) W (x/H, y/H, z/ H,1) Taowalludam H exidwifu 1

¥
Aaiuge (x, y, 2) laqezlimlussuundalalidomdly (x, y, z,1)

177 T
14 B Ci-100 I
] ] | B |
1D E Fi-101
I 1 11
VG H [ .11

]
- o | I |
oo LK L

~—

41 dautlrznesssrnnfiialalididen

vingufi 3.1 umindtdes 1 Dudndidmuaindumsudaamula gy ssyu msmna
W L1 o da 1 o ] = ] 9
maaziou dhudu damindses o dudmvesmsbedmmisnudady uazludugaky
o L 1 A = o A
wningdon 1 19 lunniwszninmsindeufeisauazmamlasiogluglms

e A
qu lnelinwazdoavesnisulasuuuaisgdail

4.2.1 M3AOURTA (Translation)

@ @ @

a 4 o i i -
amIndmsalas (7,) nlddmiunnnlasidesmatoufisadidnuasdil

4.3)

- o O
- o O O

0
1
0

T}’

;"]OOo—-
o
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1] 1] A o A
Tawtinn 7,7, uaz T, uaraszeznandesmisinieudiodumisTdluuauau X7 uay

Z andu unsnninvesyalussuuleluidlon (x', ', 2, 1) i

1 0 0 0
60 1 ¢ O
[x' y oz h]:[x y z 1]— 0 0 1 0 (4.4)
I, T, T, 1
VED
[x' y z h]:lx+Tx y+T, z+T, 1] (4.5)

A a o da o a o A o/
nadeuamindilunuudasifidsz Temfinnlumuneriamednain tlosnndeyanm
&/ A o ] 1 v L) a’r o as ¥ 4 &
Aumiuiinnlfeefidumisegludmuanmniu feiniludesniedemsulowuuiitvedou
o w & o id o - ' o 3
wiananaavesdeyaduniiulfueghyaduila (0,0,0) ooy uanalupili 4.2 3xdetdhms

A o o 'ﬂ 1 o o -y 4
wlanaeuRialluug undiguesmsadunmmnaununeinifn

Y .
~ y
D D* c
C
H G H-
—t— X7
A LN § B
B
E E"
F F

1 & é =y L r o =
42 mudeuyatinanveniuasduathnndgaduila



422 P1IUNG (Scaling)

1 ] ) [ 4
amnaifumanlaaiedfunlfoumnavesiaghdesms TumSndmuntas (S)dsil

S, 0 0 0

S = 0 Sy 0 (4.6)
0 0 S 0
0 0 0 1

H = Ad [ e d g = 9
Tagn S,,S, uaz S, Wudulszansmimnadmsufidn XY uaz Z mwdidu uashife

vosgaluszuulaliiiion (x', ), 2", k) il

S, 0 0 0
0 S 0 0
[x' y z h]=[x y z 1]- 0 Oy s 0 4.7
0 0 0 1
Wi
[ » 2z nl=|xs, »s, zS, 1] (4.8)

M S,,S, uaz S, suiluddmuaiuilumsdeniovnegl narfe &1 S fiswnnda 1

seiilumsunonmuazds S fiadesnit 1 sediumideninanin



wnanstduenansianuhdmiunslsanuiionisfnwinitu lweygslniluleyssloguaiunism

lunsdlla visdu Bnvsnuiilusaudaaiien wazmetonsdsdaaivaenaisynasaninisiluly



wnanstduenansianuhdmiunslsanuiionisfnwinitu lweygslniluleyssloguaiunism

lunsdlla visdu Bnvsnuiilusaudaaiien wazmetonsdsdaaivaenaisynasaninisiluly



wnanstduenansianuhdmiunslsanuiionisfnwinitu lweygslniluleyssloguaiunism

lunsdlla visdu Bnvsnuiilusaudaaiien wazmetonsdsdaaivaenaisynasaninisiluly



48

4.2.5 M3ABY (Shearing)
- L) oy = o =
madeululSpliawdidilunaniaitanaunuyesaesunulas (mmaiuiu xuae y
) TaoduRusnumweaRtamuumnuiay ) dlunaldsidamuuuanuyosasamuusa
o A1 aw o > A a
wasuli Tuvasianmdamusiuanunasniudmaafy

wnsnarveInisideu Tasdunusfuunu X

I Sh, Sh, 0
h 0 1 0 O
*Zlo 0 1 o .15)
0 0 0 1
o o -~ a w da
s nvoansifou TasduRusiuny Y
1 0 0 0
Sh 1 Sk 0
Shy = e ¥ (4.16)
0 0 0
0 O 0 1
wnsnrvosmsouTasduRustuunu z
1 0 0 0
0 1 00
Sh, = @.17)
Sh, Sh, 1 0
0 0 01

z 7
b

1 ar o 1 A
a6 madoulavduiuifium 2 e Sh, = Ouaz Sh,, =1
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4.2.6 RTIRWNIN (Projection)
minwamiunsudann niatihily #2-188 msaenmi 2 dssianfeuvuFudu
[] oy - = o as J - ' : Qs
waz sithugadu Winsvinusatuiaulsmmzmsssnmuuudadumniy dmsumsae

vy adudeeansouia i@t 2 dsziande

4.2.6.1 PVINWAMUVUAININ (Orthographic Projections)
H aa y 4 oda e
asnunmupvdmndlu o muuuninuetuiimiipiinnedudonazgeldiu
nsnanmmimngsy Tasssuamsninasswesingluudazdu wndnduosmsaisnmasuu
»
suTuATetiudadl

mn‘s’ﬂefmmmsmumwmuuszmu x=0

0000
o 0100
*“lo 01 0 (4.18)
00 0 1
N3 NFYBINITRIVANAIUUTEM p =0
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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 mode 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 control. The capability to
field/update the applicaticn 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 CMQS-compatible logic levels

& PHILIPS




Philips Semiconductors P89V51RD2

8-bit microcontrollers with 80C51 core

W Brown-out detecticn
W Low power modes

4 Power-down mode with external interrupt wake-up
+ Idle mode

@ PDIPA40, PLCC44 and TQFP44 packages

3. Ordering information

Tabla 1: Ordering information

P8IVEIRD2FA  PLCCA4  plastic leaded chip camier; 44 leads SOT187-2
PBOVSIRDZFBC  TQFP44  plastic thin quad flat package; 44 leads  SOT376-1
PBOVSIRD2BN  PDIP40  plastic dual in-ine package; 40 leads SOT129-1

3.1 Ordering options
Table 2: Ordering options

PBOVS1RD2FA —40 °C to +85 °C 0 {0 40 MHz
PBOV51RD2FBC —40 °Cto +85°C
PB9V51RD2BN 0°Cto+70°C
ST TS0 12064 ® Phligs LY. 2004 All dghis reserved
Product dets
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8-bit microcontroliers with 80C51 core

4. Block diagram

——————————————————————————————— 1
HIGH PERFORMANCE !
80C51 CPU :

/} I
|
o) ——
UART
e 1
B | |
BUS [
18
DATA RAM

|
I
| WATCHDOG TIMER :
CRYSTAL | 1 I
OR | OSCILLATOR I
RESONATOR || N I
L 1
______
Fig1. P89V51RD2 block diagram.
397 TS0 12084 L] i Priipy wCh LY. 2004. Al rights recerved.
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8-bit microcontrollers with B0OC51 core

T2P10{1] U [40] vpp

T2EXP1.1 [2] [39] Po.0/ADO
ecwi2[3] [38] P0.1/AD1
cExoPi3[4] 37] Po.2iAD2
CEX1/55P14[ 5] [36] Po.¥AD3
cexzmMosuP1s [ 6] [35] Po.4/AD4
CEXIMISOP16[ T | [34] Po.5/ADS
CEX4/SCKP1 7 [ 8] 133] Po.6/ADG
rRst[e] z  [32]ro7mo7
RXO/P3.0 [10] g 31] EA
momifil] & [3]aErRoG
oz 12| E E PSEN
INTiPa3 [13] 28] P2.71A15
ToP3.4 [14] 27} P2eimie
TIP35[15 [26] P2.5/A13
WrRP3.6 [15] 135] P2.4/A12
ROP3.7 [17] 24 P2.3A1
XTAL2 [18] 23] P2.2A10
XTALt [19] [22] P2.1/ag
vsg [2] 21] P2.0iAB
O02aaa811

Fig 3. PDIP40 pin configuration.

9367 75D 12964 © Korirkdis Prilps NV, 2004 Al rights raserved.
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P89V51RD2

Table 3:

P0.0 to
PO.7

39-32

37-30 43-38

5.2 Pin description
PBIVSIRD2 pin description

8-bit microcontrollers with 80C51 core

Port 8: 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 usad as high-impedance inputs.
Port 0 is also the muftiplexed low-order address and
data bus during accesses to extemal code and data
memory. in this application, it uses strong internal
puli-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 host mode verification. External pult-ups are
required during program verification or as a general
purposs 1O port.

P1.0to
P17

18

40-44,1-3 2-8

VO with
internal pull-up

Port 1: Port 1 Is an 8-bit bi-directional I/O port with
internal pull-ups. The Port 1 pins are pulled high by the
intemal pull-ups when ‘{'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, P1.7 have
high cumrent drive of 16 mA. Port 1 also receives the
low-order address bytes during the external host mode
programming and verification.

P1.0

Vo

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

ECI: External clock input. This signal is the exdernal
clock nput far the PCA.

P1.3

CEX0: Capture/compare extemal V0 for PCA Module 0.
Each capture/compare modie connects to a Port 1 pin
for external /0. When not used by the PCA, this pin can
handle standard /0.

P14

Vo

8S: Slave port select input for SPI
CEX1: Capture/compare external VO for PCA Module 1

P15

MOSE: Master Output Slave Inpust for SPI
CEX2: Capture/compare external /O for PCA Module 2

P1.6

S

MISO: Master input Stave Output for SP1
CEX3: Capture/compare extarmnal ¥Q for PCA Moduie 3

P17

097 750 12004

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

© Philips LY, 2004, A fights inéerved.

Product data
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P89V51RD2

Table 3: PBYVSIRDZ pin description...continued

P20t 21-28 18-25 24-31

o
P2.7 with internal

pull-up

8-bit microcontrollers with 80C51 core

Port 2: Port 2 is an 8-bit bi-diractionat VO port with
Internal pull-ups. Port 2 pins are pulled HIGH by the
intemal pull-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 puiled LOW will source current (i }
becauyse of the intermal 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 also receives some control
signals and a partial of high-order acdidress bits during
the external host mode programming and verification.

P30t 10-17 5,713 11,1319 O

P37 with internal

put-up

Port 3: Port 3 is an 8-bit bidirectional VO port with
internal pull-ups. Port 3 pins are pulled HIGH by the
intemal pull-ups when ‘1's are written to them and can
be used as inputs in this state. As inputs, Port 3 pins that
are externally pulled LOW will source current (I )
because of the inrternal 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 11

RXD: serial input port

P31 11 13

TXD: serial output port

INTO: externat interrupt 0 input

5

7
P3.2 12 8 14
P3.3 13 ) 15

INTT: external interrupt 1 input

P34 14 10 16

TO: extarnal count input to Timer/Counter 0

P35 15 1 17

T1: external count input to Timer/Counter 1

P36 16 12 18

WHR: externa! data memory writs strobe

paz 17 13 19

RD: external data memory read strobe

500_-""0“

Program Store Enable: PSEN is the read strobe for
axternal program memory. Whern the device is exacuting
from interna! program memory, PSEN Is tnactive
(HIGH). When the device is executing code from
extornal 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-to-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

BID7 THO 12084

Reset: While the oscillator is running, a HIGH logic stats
on this pin for two machine cycles will reset the device. If
the PSEN pin is driven by a HIGH-to-LOW input
transition whila 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. A vighes remseved

Rev. 01 — 01 March 2004 Bof78
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8-bit microcontrollers with 86C51 core

Table 3: PBIVSIRD2 pin description...continued

EA 31 29 as 1 External Accoss Enable: EA must be connected to Vgg
in order 1o 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 o Address Latch Enable: ALE is the output signal for

PROG latching the low byte of the address during an access to
external memory. This pin Is also the programming
puise input (PROG) for flash programming. Normally the
ALEM is emitted at a constant rate of 1 the crystal
frequency® and can be used for external timing and
clocking. One ALE puise is skipped during each access
to external data memory. However, if AO is set to 1",

ALE is disabled.

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

39 34

XTALY 19 15 21 1 Crystal 1: Input to the inverting osdillator amplifier and
input to the internal clock generator circuits.

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

Voo 40 K] 44 | Power supply

Vss 20 16 22 | Ground

{11 ALE loading issue: When ALE pin experiences higher loading (>30 pF) during the reset, the microcontralier may accidentaily enter into
modes other than normal working mode. The solution is to add a pulh-up resistor of 3 ki o 50 kQ to Vpp, a.g., for ALE pin.
2] For 6-clock mode, ALE is emitted at ? 5 of crystai frequency.

WBT 750 12964 © Priigs M 2004, AR ghts reserved.
Product data Rev. 01 — 01 March 2054 ot 75




Philps Semiconductors | P89V51RD2

8-bit microcontrollers with 80C51 core

6. Speclal 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.

07 730 12084 © Kovinkis Philos MLV, 2004 Al rights comarvad.
Product data Rev. 01 — 01 March 2004 100f 75
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§ Table4: Special function registers
; * indicates SFRs that are bit addressabla.
Bit address E7 E6 ES E4 E3 E2 E1 EQ
ACCr Accumulator EOH
AUXR Auxiliary function register 8EH - - - - - - EXTRAM AQ
AUXR1 Auxiliary function register 1 A2H - - - GF2 0 - DPS
Bit address F7 Fé FS F4 F3 F2 F1 FO
B* B register FOH
CCAPOH Module 0 Capture HIGH FAH
CCAP1H Module 1 Capture HIGH FBH
CCAP2H Module 2 Capture HIGH FCH
CCAP3H Module 3 Capture HIGH FDH
CCAP4H Module 4 Capture HIGH FEH
CCAPOL Module 0 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
CCAPMD Module 0 Mode DAH - ECOM_0 CAPP_O CAPN_O MAT_0 TOG_O PWM_0 ECCF 0
CCAPM1 Module 1 Mode DBH - ECOM_1 CAPP_1 CAPN_1 MAT_1 TOG_1 PWM_1 ECCF_1
CCAPM2 Module 2 Mode bCH . ECOM_2 CAPP_2 CAPN_ 2 MAT_2 TOG 2 PWM_2 ECCF_2
CCAPM3  Module 3 Mode DDH - ECOM_3 CAPP.3 CAPN3 MAT 3 TOG3 PWM3 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 De bB DA D9 D8
i CCON* PCA Counter Control D8H CF CR - CCF4 CCF3 CCF2 CCF1 CCFO
CH PCA Counter HIGH FoH
CL PCA Counter LOW E8H
H CMOD PCA Counter Mode D9H CIDL WDTE - - - CPS1 CPSO ECF
E DPTR Data Pointer (2 bytes)
i DPH Data Pointer HIGH 83H
l DPL Data Pointer LOW 82H

803 [ $I08 UM SIS|IOUIUCI0IDIWE }IG-8
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Table 4: Speclal function registers...continued
* indicates SFRs that are bit addressable.
FST Flash Status Register B& - SB - - EDC - - -
Blt address AF AE AD AC AB AA A9 A3
IENO* Interrupt Enabie 0 ABH EA EC ET2 ESO ET1 EX1 ETO EX0
Bit address EF EE ED EC EB EA E9 E?
1EN1* Interrupt Enable 1 E8H - - - - EBO
Bit address BF BE BD BC BB BA B9 B8
PO* Interrupt Priority B8H - PPC PT2 PS PT1 PX1 PTO PX0
IPOH {nterrupt Priority 0 HIGH B7H - PPCH PT2H PSH PT1H PX1H PTOH PX0H
Bit address FF FE FD FC FB FA F9 F8
P Interrupt Priority 1 F8H - - - - PBQ
IP1H interrupt Priority 1 HIGH F?H - - - - PBOH
FCF B1H - - - - - - - BSEL
Bit address 87 86 8s 84 83 82 81 80
PO* Port 0 80H AD7 AD6 ADS AD4 AD3 AD2 AD1 ADQ
Bit address 97 06 95 94 k] 92 91 20
P1* Port 1 80H CEXx4/ CEX3/ CEX2/ CEX1/38 CEX0 EC! T2EX T2
SPICLK MISO MOS!
Bit address A7 A6 A5 Ad A3 A2 A1 A0
p2* Port2 AOH A15 A14 A13 A12 A1 A10 Ag AB
Bit address B7 B6 BS B4 B3 B2 B1 B0
p3* Port 3 BOH RD WR T1 TO NTH NTO <D RxD
PCON Powar Control Register 8TH SMOD1 SMoDo BOF POF GF1 GFQ PD iDL
Bit address D7 D6 D5 D4 D3 D2 D1 Do
PSW* Program Status Word DOH CY AC FO RS1 RSO ov F1 P
RCAP2H Timer2 Capture HIGH CBH
RCAP2L Timer2 Capture | OW CAH
Bit address oF 9E 8D : Lo a8 8A 99 98
SCON* Serial Port Control 98H | SMO/FE_ SM1 SM2 REN B8 RBa Ti RI
SBUF Serial Port Data Buffer Register 99H

WO 16008 tiMm Si8jjonuod0I W 3-8
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] Table 4:  Special function registers...continved
g ‘indicates SFRy that are bit addressable.
d
SADDR Serlal Port Address Register ABH
SADEN Serial Port Address Enable B9H
Blt address arit 8el 8501 84" a3l a2l 8101 sot!)
SPCTL 8Pt Control Register DSH SPIE SPEN DORD MSTR CPOL CPHA SPR1 SPRO
SPCFG SPI1 Configuration Register AAH SPIF SPWCOL - - - - - -
SPDAT SPI Data 86H
SP Stack Pointer 81H
Bit address 8F 8E 8D 8Cc 8B 8A 88 as
TCON* Timer Contrel Register 88H TF1 TR1 TFO TRO 1E1 IT1 IEQ ITO
Bit address CF CE - cD cc cB CA co (o]
T2CON* Timer2 Control Register C8H TF2 EXF2 RCLK TCLK EXEN2 TR2 cm2 CP/RL2
T2MOD Timer2 Mode Centrol CoH - - ENT2 T20E DCEN
THO Timer 0 HIGH 8CH
TH1 Timer 1 HIGH 8DH
TH2 Timer 2 HIGH CDH
TLO Timer 0 LOW 8AH
TL1 Timer 1 LOW 88H
TL2 Timer 2 LOW CCH
T™MOD Timer 0 and 1 Mode 89H GATE CcrT M1 MO GATE crT M1 MO
wWDTC Watchdog Timer Control COH - - - WDOUT WDRE wDTS WDT SWDT
o WDTD Watchdog Timer Data/Reload 85H
¥ [1] Unimplemented bits in SFRa (labefed '-'} are 'X's {unknown) at all times. Unless otherwise specified, *1's should not be written to these bits since they may be used for other
3 purposes in future derlvatives. The reset values shown for these bits are ‘0's although they are unknown when read.
z
§
§
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Philips Semiconductors P89V51RD2

8-bit microcontrollers with 80C51 core

Period = (255 - WDTD) 344064 1ﬁu_|( (CTAL1)

where WDTD is the value loaded into the WDTD register and f.q, is the oscillator
frequency.

extermal

344064

CLK (XTALY) oks woT WOT reset internal resot
COUNTER UPPER BYTE

RST 1 1 R

Fig 19. Block diagram of programmable Watchdog timer

=L

ST TS0 12964

7:8

Table 33: WOTC - Watchdog control register (address COH) bit aliocation
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 Q' by user programs.

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

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

2 WDTS Watchdag timer reset flag, when set indicates that a WDT resat
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-spaed
output, or puise width modulator. Each module has a pin associated with it in port 1,
Module 0 is connected to P1.3 (CEX0), module 1 1o P1.4 (CEX1), elc. Registers CH
and CL contain 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 to run
at: ¥ g the osciflator frequency, 1, the oscillator frequency, the Timer 0 overfiow, or the
tnput on the EC1 pin (P1.2). The timer count source is determined from the CPS1 and
CPS0 bits in the CMOD SFR (see Table 35 and Table 38).

-] Phillps. WY, 2004. M rights reserved.
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8-bit microcontrollers with 80C51 core

Fig 20.

— 16 bits

MODULED  [e——————] P1.3CEX0

16 bits MODULE!  fe—————(] P1.4/CEXT

L

Ipipipiyl
:

.

PCA TIMER/COUNTER je————{] P1.5/CEX2

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

Module funciions:
16-bit capture
16-bit timer
16-bit high speed output
8-bit WM

Wolchdog timer {Modilo 4 anly)

MODWLE4 4¢————[] PL.7/CEX4

ST T5D 12964

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

The Watchdog timer function is impiemented 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 sofiware. Bits 0
through 4 of the CCON register are the flags for the modules (bit O for module 0, bit 1
for module 1, efc.) and are set by hardware when either a match or a caphure occurs.
These flags can only be cleared by software. All the modules share one interrupt
vactor. The PCA intarrupt system is shown in Figure 21.

Each module in the PCA has a special function register associated with it These
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 o 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
moduie to toggle when there is a match between the PCA counter and the module's
caphure/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 regisler.

[ Philgs s LY. Z004. All rightss resarvend.
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The next two bits CAPN (CCAPMn.4) and CAPP (CCAPMN.5) determine the edge
that a capture input will 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 will 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 CCAPnH and CCAPnL and these are the registers that store the 16-bit count

when a capture 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.

ofF | cr - locra | cora | corz | cor1 | coro (:w,w,'
+ L 3 qL b b
PCA TIMER/COUNTER -
i
1
i
1)
[)
]
MODULED : T
]
' aiuingt ' IENO6 1ENO.T
MODULET : e : EC EA |
; = - - P et
1 )} d\ ~
N i ! 4 - decoder
MODULE2 : o:/ E: = ) " oy deg
' e
MODULE3 ' T ' 5:
f - ¥
: P
MODULE4 y o7 -l
1 1 1 f ] '
| l' ¢ ! ]
' e
CcMODO | ECF CCAPMAD | ECCFn
00288533
Fig 21. PCA interrupt system.
Tebie 33: CMOD - PCA counter mode register (address D9H) bit allocation
Not bit addressable; Reset vallie; 00H
Symbol | CIDL | WODTE R - - CPSt | CPSO | ECF
9397 TH0 12064 L] " Philips. N.V. 2664, AXf rights reaerved.
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Table 38: CMOD - PCA counter mode register (address D9H) bit description

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

8 WDTE Watchdog Timer Enable: WDTE = () disables Watchdog timer
function on module 4. WDTE = 1 enables It

fto3 - Reserved for future use. Should be set to ‘0’ by user programs.

2101 CPSt, PCA Count Pulse Select (see Table 37 below).

CPSo
0 ECF PCA Enable Counter Overfiow Interrupt: ECF = 1 enables CF bitin

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

Table 37: CMOD - PGA counter mode register (address DOH) count pulse select

0 Internal clock, . / 6

1 internat clock, . / 6

2 Timer 0 overflow

3 Externat clock at EC/P1.2 pin (max rate = foe. / 4)

0
0
1
1

- O] A

Table 38: CCON - PCA counter control register (address 0D8H) bit aliocation
Bit addressabls; Reset value: 00H

Symbol CF CR - CCF4 | CCF3 | CCF2 | CCFt1 | CCFO

Table 39: CCON - PCA counter control register (address ODBH) bit description

7 CF PCA Counter Overfiow Flag. Set by hardware when the counter
rolls over. CF flags an intarrupt if bt ECF in CMOD Is sst. CF may
be set by elther hardware or software but can only be cleared by
software.

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

2

L3, ]
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 deared by software,

F-3

w

g

PCA Module 2 interrupt Flag. Set by hardware when a match or
capture occurs. Must be dleared by software.

-—h

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

(=]

CCFQ PCA Module 0 Interrupt Flag. Set by hardware when a match or
capture occurs. Must be cleared by software,

© Koninkige Philps NV 2004 Al rights reparvmd.
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Table 40: CCAPMn - PCA moduies compare/capture register (address CCAPMO 0DAH,
CCAPM1 0DBH, CCAPM2 GDCH, CCAPM3 OGDDH, CCAPM4 GDEH) bit alioc.
Not bit addrassable; Reset vaiue: 00H

Symbol - ECOMn | CAPPn | CAPNn | MATN TOGn | PWMn | ECCFn

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

7 - Reserved for future usa. Shoutd be set to ‘0" by user programs.

6 ECOMn Enahle Comparator. ECOMN = 1 enables the comparator function.

5 GAPPn Capture Positive, CAPPn = 1 enables positive edge capture.

4 CAPNR Capture Negative, CAPNn = 1 ehables negative edge capture.

3 MATn Match. When MATh = 1 a match of the PCA counter with this
module's compare/capture register causes the CCFn bitin CCON
o be set, flagging an interrupt.

N

TOGn Toggle. When TOGn = 1, a match of the PCA counter with this
module's compara/capture reglster causes the CEXn pin to toggle.
1 PWMn Pufse Width Modulation Mode. PWMn = 1 enables the CEXn pin to
be used as & 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 0 0 [} 0 0 no operation
X 1 0 0 0 0 X 16-bit capture by a positive-edge trigger on
CEXn
X 0 1 0 0 0 X 16-bit capture by a negative-edge trigger on
CEXn
X 1 1 0 0 0 X 16-bit capture by any transition on CEXn
1 0 0 1 0 0 x 16-bit software timer
1 0 0 1 1 0 x 16-bit high speed output
1 0 o o V] 1 0 8-bit PWM
1 0 0 1 X 0 X Watchdog timer
7.8.1 PCA capture mode
To use one of the PCA modules in the capture mode (Figure 22) either one or both of
the CCAPM bits CAPN and CAPP for that module must be set. The external CEX
input for the module (on port 1) is sampled for a fransition. 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).
307 760 12964 © Morirkijs Philipé. Eb ica NV, 2004. All sighis reserved.
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CF CR - ccrd | cora | cor2 | cort | ocoro c(mhccl;
________________________ t
! ’T |
o » PCA
Inlerrupt
(to CCFn)
s o CAPTURE

CEXnD

~

[RR Y N——

T

ECOMn | CAPPn | CAPNn | MATn TOGn PWhn

;
:
§

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 setting 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 ocour if the CCFn (CCON SFR) and the ECCFn (CCAPMn SFR) bits for the
module are both set.

3BT TS0 12084 o oo Priipa ALV, 2004, A rights rebrved.
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CF CR CCF4 CCF3 | CCF2 | CCFt CCFD cu,N
(COh)
_______________________ [
{io CCFn) T - . PCA
T
match 1
o t
. ‘
$ 1
1 1
¢ '
1 1
' '
1 '
1 1
1 1
] 1
' 1
[ 1
1 1
1 '
1 1
1 - |
CCAPMn, n =0 to 4
ECOMn | CAPPn | CAPNn | MATn | TOGn | PWMn | ECCFn (C2H to CBH)
J ° o 1 0 0 Ouzsass3e

Fig 23. PCA compare mode.

7.8.3 High spead 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
capture registers. Yo activate this mode the TOG, MAT, and ECOM bits in the

module's CCAPMn SFR must be set,
CF CR - ccre | cora | cor2 | coFt | coro c(cmc 0 )'
_______________________ 1
{o CCFn) T - ., PCA
writa to . interrupt
CCAPRL

° malch - :
r '
1 ]
1 1
i 1
[] 1
] []
: | woge
1 ]
T DL oo
: ' :
' 1 1
) 1 1
1 ! 1

- | Ecomn | cAPPn | caPNa | MATa | ToGn | PwMn | EcCFn ccfgﬂ‘",’;é:)b 4
f 0 o ' 1 o
Fig 24. PCA high speed output mode.
507 TS0 12964 © e Prilps NV 2004 Al ights reserc
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Pulse 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.

¥
| CoAPni | 0 |
enable l' CL<CCAPHL
8-BIT COMPARATOR { $——{JCEXn
CL CCAPnL
1
PCA timericounter
CCAPMA. Nn=0 i d
ECOMn | CAPPn { CAPNn | MATn TOGn | PWMn | ECCFn (C2H o C8H)
1 [4 [ 0 0 1 1
002222541

Fig 25. PCA PWM mode.

BT 750 12964

185

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 CCAPnlL.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 CCAPRH, this allows updating the PWM without glitches.
The PWM and ECOM bits in the module’s CCAPMn register must be set to enable
the PWM mode.

PCA Watchdog timer

An on-board Watchdog timer is available with the PCA to improve the reliability of the
system without increasing chip count. Watchdog timers are useful for systems that
are susceptible 1o noise, pawer 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 value. If 2 match is allowed to accur, an intemal 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 accurring with the PCA timer (CH,CL). This code is given in the WATCHDOG
routine shown above.

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

© Forknkige Philps NV, Z004. Al rights menerved.
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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 urdess otherwise specified. All vollages are with respect o Vg unless
otherwise noted.

Teamviasy  Operating blas ambient temperature -55 +125 °C
Tag storage temperature range -85 +150 °C
Vex voitage on EA pin to Vss 05 14 v
Va DC woltage on any pin to ground -05 Vop+05 V
potential
Vit translent voltage (<20 ns) on any 10 Vop+10 V
other pin to Vs
loLwo) maximum ly per VO pins P1.5, P1.8, - 20 mA
P17
loLwo) maximum L per VO for all other pins - 16 mA
Protpac) total power dissipation per package Tymy *25°C - 15 w
through hole lead soldeting 10 seconds - 300 °C
temperature
surfaco mount lead soldering 3 seconds - 240 °C
temperature
output short circuit current m . 50 mA

[1} Ouiputs shorted for no more than one second. No more than one output shorted at a time. (Based on package heat transfer imKations,
not device power consumption.)

9. Recommended operating conditions

Tahie 62: Oparating range

Tamb ambient temperature under bias
commarcial 0 +70 °C
indusirial —40 +85 °C
Voo supply voltage 45 55 Y
fosc oscillator frequency 0 40 MHz
osciltator frequency for 025 40 MHz
in~application programming
2307 730 12684 [ Piiips Ele NV, 2004 Al sights rosarved.
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Table 83: Reliability characturistics

Nenpl'! endurance 10,000 cycles  JEDEC Standard A117

Tort data retention 100 years  JEDEC Standard A103

] iatch up 100 + Ipg mA JEDEC Standard 78

[1] This parameter is measured only for initial quaiification and after a design or process change that
could affect this parameater.

Table 64: AC conditions of testl!]

Input riseffall ime 10ns
Output load CL = 100 pf
{1} See Figure 35 and Figure 37.

Table 65: Recommended system power-up timings

Trureapt' Power-up to read operation 100 us

Truwrrrel! Power-up to write operation 100 us

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

Tabie 66: Pin impedance
(Voo = 3.3V, Tam = 25°C, 1= 1 MHz, other pins open)

Cuwofll O pin capacitance Vo =0V 15 pF
Cpdll input capacitance V=0V 12 pF
Lo pin inductance 20 nH
[1} This parameter is measured only for initial qualification and afler a design or process change that
could affsct this parameter.
ST TED 12984 L] Phips. RV 2004, AR ights raservad.
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10. Static characteristics

Table 87: DC electrical characteristics
Tamt =0°C o +70°Cor—40°C 1o +85°C; Vpp=4.5Vi0 55V, Vgs =0V

Vi LOW-ievel input voltage 45V <Vpp <55V -05 02Vpp-01 V
Vin HiGH-evel input voltage 45V <Vpp<h5V 0.V + 09 Vpp+ 05 v
Vin1 HIGH-evel input voltage (XTAL1, 45V<Vpp<b5V 0.7V Vop+ 0.5 V'
RST)
Voo LOW-level output voltage (ports 1.5, Vpp =4.5V: lg = 16 mA - 1.0 \'
1.8,1.7)
Vou LOW-evel output voltage (ports 1,2, Vpp =4.5V
3y loL = 100 pA - 03 v
loy = 1.6 mA - 0.45 v
loL = 3.5mA - 1.0 Y
Vot LOW-level output voltage (Port 0, Vop=45V
ALE, PSER}F) lo = 200 pA - 03 v
loL = 3.2mA - 0.45 v
Von HIGHHevel autput voltage (ports 1, Vpp = 4.5V
2,3, ALE, PSENMI lon = 10 pA Voo-03 - v
lon = 30 pA Vpp -0.7 - v
lon = 60 pA Vop-15 - v
Vo1 HIGH-evel output voltage (Port0in  Vpp =45V
External Bus Mode)l‘l '0|1="2qu Vpp - 0.3 R Vv
loy = -3.2 mA Voo -0.7 - v
Vgop  brown-out detection voitage 3,85 415 v
I logic 0 input cument (ports 1,2,3) V=04V - 75 pA
n logic 1-to-0 transition current ViN=2V - -650 pA
(ports 1, 2, 3%
Iy input leakage current (Port 0) 0.45V <Vjy<Vpp -03V - +10 pA
Rgrst RST pull-down resistor 40 25 k2
Cio pin capacitancaf®l @1 MHZ, Tern =25°C - 15 pF
loo power supply cument
active mode @ 12 MHz - 15 mA
@ 40 MHz - 50 mA
idle mode @ 12 MHz - 85 mA
@40 MHz - 42 mA
Power-down mode Tamb = 0°Clo+70°C - 80 HA
{(mn.Vop=2V) Tam = —40 °C {0 485 °C - 90 A

[1] Under steady state (non-translent) conditions, Lo, must be externatty kmited as foliows:
a) Maximum loy per 8-bit port: 26 mA
b} Maximum g total for all outputs: 71 mA

c) 1f lo, exceeds the test condition, Vo may exceed the related specification. Pins are not guaranteed {o sink current greater than the
listed test condlitions.

B307 750 12084 D KorikSjes Philos LV, 2006. AR vighis rweerved.
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+5V-Powered, Multichannel RS-232

General Description

The MAX220-MAX249 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

+ For Low-Voltage, integrated ESD Applications
MAX3222E/MAX3232E/MAX3237TEMAX3241E/
MAX3246E: +3.0V to +5.5V, Low-Power, Up to
1Mbps, True RS-232 Transceivers Using Four
0.1yF External Capacitors (MAX3246E Available
in a UCSP™ Package)

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

Applications Ordering information
Portable Computers PART TEMP RANGE PIN-PACKAGE
Low-Power Modems MAX220CPE 0°C to +70°C 16 Plastic DIP
intert Translati MAX220CSE 0°Cto +70°C 16 Narrow SO
ertace fransialion MAX220CWE 0°C to +70°C 16 Wide SO
Battery-Powered RS-232 Systems MAX220C/D 0°C to +70°C Dice*
Muttidrop RS-232 Networks MAX220EPE -40°C to +85°C 16 Plastic DIP
MAX220ESE -40°C o +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
AutaShutdown and UCSP are trademarks of Maxim Integrated Ordering information continued at end of data sheet.
Products, Inc. “Contact factory for dive specifications.
Seloction Tabie
Power No. of Nominal SHDN Rx
Part Supply RS-232 No. of Cap.Value & Three- Activein DataRate
Number ) Drivers/Rx_Ext. Caps _(pF) State  SHDN _ (kbps)  Feamtures
MAX220 +5 A 4 0.047/033 No — 120 URra-low-power, industry-standard pinout
MAX222 +5 2/2 4 0.1 Yes — 200 Low-powsr shutdown
MAX223 (MAX213) +5 a5 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 S0 4 1.0(0.1) Yes — 120 5 drivers with shutdown
MAXZ231 (MAX201) +5and 2R 2 1.0(0.1) No — 120 Standard +5/+12V or battery suppiies;
+7.510 +13.2 same functions as MAX232
MAX232 (MAX202) +5 2/2 4 10(01) No — 120{64)  Industry standard
MAX232A +5 272 4 01 No — Higher slew rate, small caps
MAX233 (MAX203) +5 272 ¢ — No — 120 No extemal caps
+5 212 0 — No — 200 No extemal caps, high slew rate
MAX234 [MAX204) +5 4/0 4 10(0.1) No — 120 Replaces 1488
MAX235 (MAX205) +5 55 ¢ —_— Yes — 120 No external caps
MAXZ236 (MAX206) +5 43 4 1.0{0.1) Yes -_ 120 Shutdown, three state
MAX237 (MAX207) +5 573 4 10(0.1) Mo — 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 batlery supplies
+75+13.2 Ie—packagesolulxniorlBMPCsa’taipoﬂ
MAX240 +5 515 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 +5 212 4 0.1 No — 200 Cpen-line detection simplifies cabling
MAX244 +5 810 4 1.0 No - 120 High slew rate
MAX245 +5 810 0 —_ Yeos v 120 High slew rate, int. caps, two shutdown modes
MAX246 +5 810 0 — Yes v 120 High slew ratg, int. caps, three shutdown modes
MAX247 +5 89 [} — Yes v 120 High slew rate, int. caps, nine operating modes
MAX248 +5 &8 4 10 Yes v 120 High slew rate, solective haf-chip enables
MAX249 +5 &10 4 1.0 Yes v 120 Available in quad flatpack package
MAXIMN Maxim integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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+5V-Powered, Multichannel RS-232

18-Pin Plastic DIP {derate 11.11mW/°C above +70°C)..889mwW
20-Pin Plastic DIP (derate 8.00mW/°C above +70°C) ..440mwW
16-Pin Narrow SO (derate 8.70mW/°C above +70°C) ...696mwW

Drivers/Receivers
ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243
Supply VORAGE (VEE) - oeeerereeereercererecrecccremeeenanns 0.3V to +6V
V+ (Note 1) .{Vcc-0.3V) to +14V
V- {Note 1) +0.3V to +14V
lnTpu1 Voltages

H|NExcept)) .................................

Tout {Except MAX220) (Note 2) ...

Tout 0)
Output Voltages

LIUT evevveeneessneseneermessemaemateaana st retssneamas teesmermaaescnsenssnsanins +15V
ROUT ccveerereirertetrrinssrcne s er e ere e e s smesnaes -0.3Vto (Ve + 0.3V)

Driver/fReceiver Output Short Circuited to GND ......... Continuous
Continuous Power Dissipation (Ta = +70°C)
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)..842mW

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

16-Pin Wide SO {derate 9.52mW/°C above +70°C)......762mW
18-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mwW
20-Pin Wide SO (derate 10.00mW/°C above +70°C)....800mwW
20-Pin SSOP {derate 8.00mW/°C above +70°C) ...... 640mwW
16-Pin CERDIP (derate 10.00mW/°C above +70°C}).....800mwW
18-Pin CERDIP (derate 10.53mW/°C above +70°C).....842mwW
Operating Temperature Ranc’gee
MAX2 _AC_ . MAX2 G e 0°C to +70°C
__“AE__,MAXZH_ [T U -40°C to +85°C
JAM_ L MAX2 M ..-85°C to +125°C
Stora Temperature Rangse..... -65°C 10 +160°C
Lead ernperature {soldering, 10s) (Note 3)................ +300°C

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

Stresses beyond those Ksted 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
ahsolute maximurm rating conditions for extended periods may affect davice reliability.

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

(Vce = +5V £10%, C1-C4 = 0.1pF, MAX220, C1 = 0.047pF, C2-C4 = 0.33uF, Ta = Tmin 10 TMAX, uniess otherwise noted.)

PARAMETER | CONDITIONS Jwn TP max [ unms
RS-232 TRANSMITTERS
Output Voltage Swing All transmitter outputs loaded with 3k2 to GND 15 +8 v
input Logic Threshold Low 1.4 08 v
All devices except MAX220 2 1.4
Input Logic Threshold High v
putLog 9 MAX220: Ve = 5.0V 24
All except MAX220, normal operation 5 40
Logic Pultup/input Current SHDN = OV, MAX222/MAX242, shutdown, bA
+0.01 +1
MAX220
Ve =55V, SHDN = 0V, Vout = £15V,
MAX222/MAX242 =001 +10
Output Leakage Current v 15V 0,01 - PA
QUT= % A F
Ve = SHDN = 0V
ce MAX220, VouT = +12V +25
Data Rate 200 116 kbps
Transmitter Qutput Resistance Vee = V+ = V- =0V, Vout = 2V 300 10M 0
o Vourt =0V +7 +22
Qutput Short-Circuit Current V =Qv mA
p out MAX220 +60
AS-232 RECEIVERS
30
RS-232 Input Voltage O ting Range =
P ge Hperaling Hang MAX220 £25 v
RS-232 Input Threshold Low Ve = 5V Al excopt MAX243 R2in 98 13 v
MAX243 R2 py (Note 4) -3
RS-232 Input Threshold High Vee = 5V All except MAX243 R2in 18 24 v
MAX243 R2 1y (Note 4) 05 01
2 MMAXIN




+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)
(Vog = +5V £10%, C1-C4 = 0.1pF, MAX220, C1 = 0.047yF, C2-C4 = 0.33pF, Ta = TmiN 1o Tmax, unless otherwise noted.)

PARAMETER CONDITIONS MIN TP MAX UNITS
All except MAX220/MAX243, Vo = 5VY. no
.. 0.2 05 10
RS | . hysteresis in SHON v
-232 Input Hysteresis MAXZZ0 05
MAX243 1
. 3 5 7
RS-232 Input Resistance Ta = +25°C (MAX220) 3 5 7 KQ
TTL/CMOS Output Voitage Low loyr = 3.2mA 9z 04 v
u &1
P g louT = 1.6MA (MAX220) 0.4
TTL/CMOS Output Voltage High loyt = -1.0mA 35 Vee -0.2 v
Sourcing Vour = GND -2 -10
TTL/CMOS Output Shont-Circuit Current mA
P Shrinking Vour = Vco 10 30
SHDN = Ve or EN = Ve (SHDN = 0V for
TTL/CMOS Qutput Leakage Current MAX222), OV < VouT < Voc 10.05 10 pA
EN input Threshoid Low MAX242 14 0.8 v
EN Input Threshold High MAX242 20 1.4 Vv
Operating Supply Voltage 4.5 5.5 v
MAX220 0.5 2
No load MAX222/MAX232AMAX233A/ 4 10
Vee Supply Current (SHDN = Vo), MAX242/MAX243 A
figures 5, 6, 11, 19 MAX220 12 H
3kAQ load both
inputs MAX222MAX232A/MAX233A} 15
MAX242/MAX243
Ta = +25°C 0.1 10
MAX222/ TA =0°Cto +70°C 2 50
Shutdown S Current
y upply Cu MAX242  [Ta= 40°Cto +85°C 250 bA
Ta =-55°C to +125°C 35 100
SHDN Input Leakage Current MAX222/MAX242 x1 PA
SHDN Threshold Low MAX222/MAX242 1.4 08 v
SHDN Threshold High MAX222/MAX242 20 1.4 v
Cr = 50pF to MAX222/MAX232A/MAX233/
2500pF, RL = 3k | MAX242MAX243 6 12 30
. to 7kL2, Ve = 5Y,
Transition Slew Rate Ta = +25°C, Vius
measured from MAX220 15 3 30.0
+3V to -3V or -3V
MAX222/MAX232A/MAX233/ 13 a5
tPHLT MAX242/MAX243 ’ )
Transmitter Propagation Delay TLL to MAX220 4 10
RS-232 (Normal Operation), Figure 1 MAX222/MAX232A/MAX233/ ve
PLT MAX242/MAX243 15 35
MAX220 5 10

Note 4: MAX243 R2pyT is guaranteed to be low when R2 is 2 OV o is fioating.
MAXIMN 3

6VCcXVIN-OCCXVIN
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+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)

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

PARAMETER CONDITIONS MIN TYP MAX | UNITS
MAX222MAX232A/MAX233/ 0.5 1
tPHLA MAX242/MAX243 ’
Receiver Propagation Delay RS-232 to MAX220 06 3
. i Hs
TLL {(Normal Operation), Figure 2 MAX222/MAX232AMAX 233/ 6 ;
PLHA MAX242/MAX243 0.
MAX220 0.8 3
tPHLS MAX242 0.5 10
Receiver Propagation Delay R$-232 to s
TLL (Shutdown), Figure 2 - H
tPHLS MAX242 25 10
Receiver-Output Enable Time, Figure 3 teR MAX242 125 500 ns
Receiver-Output Disable Time, Figuwre 3 ]tDR MAX242 160 500 ns
. — MAX222/MAX242, 0.1uF
Transmitter-Output Enable Time (SHDN ) 3
Goes High), Figure 4 teT caps (includes charge-pump 250 s
start-up)
Transmitter-Output Disable Time (SHDN tor MAX222/MAX242, 600 ns
Goes Low), Figure 4 0.1uF caps
MAX222/MAX232A/MAX233/ 300
Transmitter + to - Propagation Defay PHLT - 1P MAX242/MAX243 ns
Difference (Normal Operation) LT - IPLHT
MAX220 2000
) ) MAX222/MAX232A/MAX233/ 100
Rgcenver +10- Propagatlop Detay TPHLR - PLHR MAX242/MAX243 ns
Difference (Normal Operation)
MAX220 225

Typical Operating Characteristics
MAX220/MAX222/MAX232A/MAX233A/MAX242/MA X243

AVALLABLE SUTPUY CORRENT MAK2Z2ASAKEE
SUTIUT VOLTARE vs. LAAD CUBRENT va. BATA RATE SE-TRIE EXITHIC SSINTOOWN
10 11 T Y e
i WF § N mnnmmnctmme | tuF caPs —| o E
o [ emenveonv-foaven ] 10 R~ FLOWS FROMV. TOV- Ve \omF(';APs:
—_ ; 0.ipF = AL CAPS 5V i
= 4 Voo =25V F—— — g 0% 1 < o
P NO LOAD ON = S SN
£ 2 | eansures outruts & 3 Vg = 45.25V 8 o
8 o | T M Moz 3 . =3
] 1 | (=] }__N.LCAPS iy
5 2 |Y-L0ADED MO LOAD ONVY:- 5 7 ppF o] =
=3 1 =3 Vac=44.75V & 1p,FcAPS
S 4 0.1pF 11.11:——-—1 3 & 1
. —— 5 | i = N~ 0.1F CAPS .
o Vi« LDADED, NO LGAD ON V- ‘ v L
0 5 W 15 W A o ®w 2 3 #H N & S00py/dv
LOAD CLRRENT (ma} DATA RATE (kbits/sec)
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Drivers/Receivers
SVINRLT
TOPVIEW 43k
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3] amman [T T 5|co vonacoweRTER |
e (a] maew [ me T
MR had =
e [5] w12 Mo 40
v-[& (1] Tiw w1 Tin >_“M#.
&
TILCMOS RS-23%2
T (7] 10] o INPUTS wa QUIPUTS
Row [8] 9] Roour 10 > T |7,
DIP/SO . J12] Rlgur < mll‘ 13
CAPACITANCE (yiF) TIL/CMOS ésm RS-232
DEMCE G102 3 U G5 WRE Y 3 g [NV
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MA232A 01 01 01 01 01 S
GND =
1%
Figure 5. MAX220/MAX232/MAX232A Pin Configuration and Typical Operating Circuit
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Figure 6. MAX222/MAX242 Pin Configurations and Typical Operating Circuit
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PC817 Series

High Density Mounting Type
Photocoupler

® Lead forming type (I type ) and taping reel type (P type ) are also available. (PC817WPCS1TP )

@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)

W 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
PCB17 : 1-channel type heaters, etc.
PCB27 : 2-channel type 5. Signal transmission between circuits of
PC83T : 3-channel type different potentials and impedances
PCB4T : 4channel type
4. Recognized by UL, file No. E64380
B Outline Dimensions
pCa17 o PC827
25440325 Intemnat connection diagram 25440325
& 13
CTR -0
T8
Anoda mark
@
;= 4.

3.0

PR diagram Intemad connection
diagram
i 20
:|®10 0620 Y
HEEEER LR R E N Y
8 3 & 0! o1 o 5
SE A Y T | R LRI (e o ey
D2O® &S OB Anode
0902 gg%cmw
12008 PG Coloctor |
- 14.74405 762403 %) ?n l
ok '?HHH]g =
o| ™ ‘,L _g
] I i ‘Ze'- 026+01 L é S NI
3 058° ] 6= 01 13- DD Anoda ©OOH Emitrer

" Inthe sbeence of confirmaion by device apeciication sheets, SHARP takes no respanshilty for any defects thal occur in equipment using any of SHARP's devices, shown in cataiogs,
data books, aic. Contact SHARP In onder (o abiain the tstest version of the devics specification sheets balor using any SHARP's device. *




SHARP PC817 Searies

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

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

*3 For 10 seconds
M Electro-optical Characteristics (Ta= 25°C)
Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
Forward voltage \di Ie = 20mA - 12 14 v
- Peak forward voltage Vi I = 05A - - 3.0 v
Reverse current In Ve=4V - - 10 uA
Terminal capacitance C V=0, f=1kHz - 30 250 pF
Output | Collector dark current Iceo V=2V - - 107 A
**Current transfer ratio CTR Ir=5mA, V=5V 50 - 600 %
Callector-cmitter saturation voliage Ve | Ir=20mA, Ic= ImA - 0.1 02 \
Transfer | Isolation resistance Riso DC500V, 40 to 60% RH sx10 | 10" - 0
charac- | Floating capacitance Ce V=0, {= IMHz - 06 10 pF
tefistics | Cut-off frequency fo V=5V, 1 c=2mA, R = 1000, - 3B - 80 - kHz
Respotse time I;:‘:::’: : Vee=2V,1c=2mA, Re= 1000 ; :: t:
*4 Classification table of current transfer ratio is shown below. Fig. 1 Forward Current vs.
Aglblent Temperature
Model No. Rank mark CTR (%)
PCB1TA A 80 1o 160 50
PC8178 B 130 to 260 - \
PC817C c 200 to 400 g \
PC817D D 300 to 600 = \
PC8@7AB AorB 80 to0 260 'E 30
PC8&7BC BorC 130 to 400 G \
PC887CD CoD 200 to 600 E 20 N
PC8#7AC ABorC 80 to 400 =
PC8@7BD B,CorD 130 to 600 10
PC8#7AD A,B,CorD 80 to 600 0
PC8 &7 A, B, C, DarNo mark 50 to 600 25 0 25 50 15 106 125

®:lor2or3ord Ambient temperature T, ('C)
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Fig. 2 Collactor Power Dissipation vs.
Amblent Tomperature
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%
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Fig. 4 Current Transfor Ratio vs.
Forward Current
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Fig. 6 Collector Current vs.
Collector-emitter Voltage
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Fig. 3 Peak Forward Current vs. Duty Ratio
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Fig. 5 Forward Current vs. Forward Voltage
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Fig. 8 Collector-emitter Saturation Voltage vs. Fig. 9 Collector Dark Current vs.
Ambient Temperature o ’Ambient Temperature
0.16 ;
) - Tp = 20mA Vep =20V
= 0 = y9-6 A
% Ic=1mA 2" v
E‘ 0.12 g 7
= 107 A
£ 010 —— g //
. =t it y &
008 —g :5
/ ‘,/
g 0.06; —'/ s -9 4"’
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g 0.04. o =
2 10-10 r
S om 7
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Fig.10 Response Time ve. Load Resistance Fig.11 Frequency Response
500
VE=12V Vee =2V
fzz Ic=2mA Ig=2mA
Ta=25C : 0 —~ HH T, = 25°C
50 ma \
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L t 3 \
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05 4 3\ \‘ \
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Load resistance Ry, (k) . Frequency £ (kHz )
Fig.12 Collector-emitter Saturation
Test Circuit for Response Time Voltage vs. Forward Current
6
> e
Vee input | . V? T.=25'C
Output | & 5 Ic=0.5mA
Inpt  Rp R 3 Output b > 1mA
O H
Y g 4 3mA
GZ = ty Z SmA
™ 3 3 TmA
g
Test Circuit for Frepuency Response E 2
Vee E
Ro RiZ ouput % !
= —— |
GZ * 8 . \ "'—-_.__
5 0 s 10 15

@ Please refer to the chapter “Precautions for Use

Foarward cyrrent I ¢ (mA)




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 responsihility 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 also subject to change without notice. ‘
@®0bserve the foliowing 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:
(i) 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.¢., aircraft, trains, automobiles, etc.)
— Traffic signals
— Gas leakage sensor breakers
— Alarm equipment
— Various safety devices, etc.
(iiDSHARP devices shall not be used for or in connection with equipment that requires an extremely
tigh 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.
.Cm];tact and consult with a SHARP representative if there are any questions about the contents of this
publication.
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