gulnmemyanan nizvemndimanizih

Y [-] ) Y =\ J
!ﬂ%‘ﬂQ"lnﬁENﬂTSTINﬂ!‘lli’)@!ﬂ%@ﬂl’é]ﬂml‘iﬁﬂﬂNW]lﬂﬁ)i

Simulated Computed Tomography

Tae
WANIDATA ANUTY
uNEIeAYg  (5841ndd

weanlsasa  gadla

.
359 O
&E50

MY
‘-::r:u:t'f:uu ...... 8 2449..—

Tugiou..

3

= a ol & ' <4 = a a o as a
YsyariwuitnludiuriaveimsanyimumangasUigyirmnssumaas iuda
aImBiannsetnd

aotumalulagwszvaumndudganmsaransz s

HUn1sAnwa 2550




: o o Y d = d
m?mmamm%mammmm%’mmnmsﬂﬂﬂummm

Simulated Computed Tomography

Tae
UNMIeATA  anlive lulszidnindnui 47010939
wiamenugy  Seslnda avdsedidadndnu 47010943
v lvdse gadla wusedanindnu 47010196
91138 InEN

SAATYIIA Taumizand

= =) o o w = - v oA
Usyainusdmivdsganimnssumanstudga
a1 insdnnsoilnd
anzirAssumans
ar =] ¥y ¥ as
A01TUMA TU TAIWI VLN UNHUNMITAIANTLY S

Ynsdnm 2550



Syyaniiwug e 2550

mnindidnnseind

augdmnssumans aoriuma luladwszraundudigummsmanszii

(394 1A79431809MITNUVBUARS BUBNHITIRBUTRUABF (Simulated Computed Tomography)

o o

¥
HIAN
(M

o @ @

1. W9E0NIA anive  avilseadnindnu 47010939

o W @ =8

2. undmenyyl  Geslnsa wvilsedaainAny 47010943

3unanlydsd galla  wulsz@ninfnet 47010196

"

]
219158N15n11

= = L4
(A1 338 Aunijan)



IN303991809MSNNTUVOUATOUDNBITHNONRUANDS

UNAMIBATA aNTFy 37N 47010939
LAY 1509 1nAR 5 e 47010943
v lsdse gadla  sWa 47010196
a o a ¢ I,
.05 3718 DunIgaul 9191509UTAY

n1sfinui 2550

UNHaed
= =Y ¢  w dyd | = a o o &
ﬂmﬂsmﬂmwuﬁﬂUumﬂuﬁ’mﬂuwm’;m Iﬂﬁ%ﬂu 2 (Y a9Y1 01044058) ”D'ﬂl‘ld_]u

A Ao wae s A o a o a4 o a i
Lﬂﬁﬂﬁﬂ1Tﬂ1ﬁBﬂﬂ151’11\ﬂl.l‘tlBﬂ!ﬂﬁﬁ]\il@ﬂ“ﬁliﬂﬂﬂhwmﬂ’EJ'i Iﬂﬂﬂlﬂiﬂﬁlﬂﬂ“ﬂlﬁU'FIEHJW'JLG’I?Jﬁ (CT

= 1w v 4 1 aa o ' y ° o
scan) ihuma TuTapiiumivdlFmelunsiteieIsavesddie  Tannsesdiasinisinu

2 4 a o 3/ g dy [ o o = 9/ =
YoUATOUBNTISIAONANNADSATT TNz eIdandnnIshriuiinduadedy
: o das 1w ' ~ =g 1 a 4 E 0w
wssaenwsdnouiunainiogii lludvzdivinafidnnhueasse Feenuisaneziiingaon
Y [} 4 i @ o c;‘:
Wl hwnses waz i lduauenmsiualdndeanionimvesing lnssey udanhaiminu

[l w Y ) [ s A d
HIUNS$UIUNITIANIINIANIN (Image Processing) 1o lHlumssamsnuninvesingiiiu

¥
o = 4 a LY

amasaidldnaoduniweuidafwmiiouduiansss wdnhnniuuanieanniani

q
ey ¢ w 3 dy (7} 1 oo w t 9/ o a ' = [y
OADNRNADST AU Iassuilezilseneuldredmuidif 2 drudedu Ao drunldlu

u

o ar £ g 4 o L) a . o ¥
MITUNMHYDI NG Fanfamieubnmsinouiuns (Simulated CT scan) M5 13 199un1 uaz

awvesldsunsunlFlumsadhanimueeing



I

Simulated Computed Tomography

Miss Apirati Sawamichai 1D 47010939
Miss Apitta Ruangkosol 1D 47010943
Miss Chotirot Sudwilai 1> 47010196
Assoc.Dr. Chuchart Pintaviruj Advisor

Educational Year 2007

Abstract

This thesis is a part of Project 2 (01044058) which describes the simulation of computed
tomography. Computed tomography is a useful technology to diagnose patient’s sickness. The
function of the simulated computed tomography is similar to the real CT scan but is resized and
doesn’t use the x-ray. It could insert an object into simulated scanner attached with camera to take
pictures around an object. The pictures will be processed by the specific program to reconstruct
and model the object. This project has 2 main parts which are simulated computed tomography

and image processing program.
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3.9 Unique Identifiers (UIDs)
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5.7 ﬁfgmi{amﬂénqmm Service (Service Overview)
5.8 ﬁ;ﬂn‘famﬂﬁnq Y99 Protocol (Protocol Overview)
5.9 DIMSE-C
5.10 DIMSE-N
6. midtemsdoyaveaniotivFamivanunisuandoudenin (Network
Communication Support for Message Exchange) ﬂ?&ﬂizﬂau"lﬂﬁ”mdaudwqﬁaﬁy
6.1 YBUINAUDININTFIU (Scope and Field of Application )
6.2 ﬂgmmcﬁﬁﬂl‘i’f’gwa {Normative Refcrences)
6.3 A19109AA 11U 199 (Definition)
6.4 ﬁWd@LLﬁ:ﬁﬂgﬁﬂHﬂI (Symbols and Abbreviation)
6.5 Yonnaslums1¥dadnuaia1a9 (Conventions)

4 A a =
6.6 N3 damstoyaniovisdsaivayuiesoudns (Network communication

support environment) Tavaailasnssuveslanoulils lnneauanafanimi

Medical Imaging Application

DICOM Application Message Exchange

o \
L upper | DICOM |
SL‘fV.e' Upper Layer |
B ervice Protocol |
oundary for |
TCPAP ;
. ~

TCP/IP

Network

317 2.15 @a1launs su¥e3 DICOM Protocol



dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnsnuiludnuadilon uaznedendideaivesonalsynaseniinisuiliuly



dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnsnuiludnuadilon uaznedendideaivesonalsynaseniinisuiliuly



18

s 1 d
8. ﬂixmiﬂuummnmnu%aya (Media Storage Application Profiles)
= P 3 = d o o = 9
9. ¥unvadvoyauazdoyaniulsssudmivmsianilaoudoya (Media Formats
and Physical Media for Media Interchange)
9 o ) os o
1.0 ‘ﬂagamimﬁnﬂmm31ummmmmwmmﬁaﬁﬂvu (Grayscale Standard Display
Function)
1. seuunnulaeanuuazszuvunisianmsise A laote (Security and System
Management Profiles)
v 9 = 9 .
12. ﬁ’J‘iJE]‘lJ’eNﬂHLLiJﬂ‘LJW?Jy,ﬁ (Content Mapping Resource)
13. msa%mu%’ﬂya (Explanatory Information)

14. Web Access to DICOM Persistent Objects (WADQ)

2.3 Voxel
= .. Ry a oo = o L | @ '
Voxel 111 Primitive NUANYNZYHANAYNAIAD 1Y Primitive mmﬂamqagiug‘ﬂ
= P} A ¥ d'
931U IMIHT0 Volume Representation F3UANA1I911 Polygon W30 Parametric Surface #
) ¥ '
waae luA Ny ML YOINUAINS 0 Boundary Representation AU Voxel Jallanymuzndunsoll
Usumsnelu
a @ ' P o o o oo d
Voxel naailTuiasdaglasms uthilSmesvesiageentiulimesianaailu
4 3 o a0 ) o 1 v G Y g 1 =
EﬂVI‘N@Jﬂ‘UWﬁﬂBU‘L!1ﬂmf‘l'ﬂll'ﬂu?ﬂ'ﬂm1ﬂuﬁi6M%M1ﬂ'ﬂklﬂﬂﬂﬂﬂuﬂVlﬂ“]}'\‘]ilxlﬁ‘u’ﬂ Voxel NAD
. @ = o - Y o i = o R v
Discrete Volume WHID9 33a1315015e0iNey Voxe! "lﬂﬂ“u Pixel 11U Discrete Area "lﬂ
' =} RN
M31UAU I Voxel NAD Pixel Tuaniia

=1

¥ JoA Y Aa o ¥ o
Voxel Qﬂi‘ﬂu'ﬁﬂﬂﬁLlW‘ﬂU!W@%WﬂﬁfT‘iNﬂ'lWi]']ﬂ CT Scan NUANHUZAA LN TWIDNY

¥
= a 9 @

is8ludeslAudiiiunis scan Hunmyss Cross Section ﬁawqﬂ?‘umﬂﬁuwuweymaﬂdn
smlasl¥eglugiues Voxel ioflozaunsaifunmmolusamououmnia uazlflunis
e Tsn1dag199ndas Voxel #99n13M15 Render Aifldnyazmmz Tavazdouiu renderer
Fan s i ¥ A0 150 Tums Render Voxel Tasmwiziilo 1910 Volume Rendering

¥ '
UUIZUANAI9IN Surface Rendering 'l

2.4 RGB Model

san i T ausouaasdnuanananu ldmios 10 89 12 9% windudnismives

o P e v Y o= gy P o C e
NHHUﬂ1N1§ﬂV}%3L!Uﬂ“ﬂ$ﬁﬂ1qf]1@ﬂixu1m 10 ﬂ1uﬁ!!a3ﬂaﬂ1“ﬂ1Nﬁ1u15ﬂﬂllﬂ@QﬁLwa1uu



SJ-:’ a 3 ans'a o ar ¥ ::i
1avanua daiunmslddoyadniawia 8 dwwwua wio 256 seduluudas Channel 1

U
¥

' ¥ ] [
ansouaaidiuanaaiuldnimualszinm 167 dudmiuiifomofivzuansdiuyudiiy
¥ 1o a y 4 4 g4 v ey . Y

Taenudusssumanazlfidonlunmsinudeyadiius 4 Bytes/Pixel iy

[ 3 ¥ o @ o 1 . [~ . & (Y a

aufulumsldszuy RGB M 1USemuAR Intensity 1111 8 Bits Fanidy 256 seau

] ) o ar qﬂ: o ° saa

Tuieiag Channe! usillo191n2 M DICOM 1Tlunw 16 Bits darfunmsiszi ldnniidigndes

&y o i A Y 3 o ¥
1999991113 Mapping 1H0 14 ladvsanwiigndos

2.5 77N Bitmap

BMP (Bit mapped) "lﬂﬁgﬂuwfﬁ%’mmﬁuiz‘uuﬂﬁﬁami Windows Tﬂﬂﬁﬂﬂiﬂﬁ
ﬂvﬁﬂﬁvﬂz"liignﬁuﬁﬂ Uszlonilasia lvealWd BMP e 18%umsvenfuetianirsuna
Foudiw uazgnldluTdsunsudulamnwia Taeia T IWd BMP gnl¥luTusunsy Paint #1
"I,‘Na"ﬁ"lﬁ'innTﬂﬁLLﬂiuﬁyﬂmﬂu“lvlﬁﬁ"liigﬂﬁnﬁﬂuanmﬂﬁygﬂmwma Scanner  axgrufuiiiy

1Wa BMP &7

2.6 /1N Raw
=1 = S = o qyd e
AW RAW hugdununwitldlundesatnoatieria lagdwiainiluldaniinig
= o 12 = cu n‘f =R o L ¢ = qu ] | c?: 3
Pudauu Tulms gaydoosslessydainudain lawtiativinalug udnm RAW 1ty
A t o = @ 1 = ° o = o =y
i luThnaspudeduluaasndauazdmsoldsunswnoafuns s
o [ as ' 1 a 4 ' '
wiolUsunswRedumslivudanmerse: lleduayuldanm RAW  uazdauIngindes
aa W as -] a ' u‘; 4 g < et
Admenvzmivayumstuiinnmiduniwedia TIFF miniy Fanw TIFF dwdunmiiini
azuauInANN W RAW Tudiouniuoiouil 2004 Adobe 1@MINSHIMUALIATTIUN W RAW
& 3/ J b Y S ] 9 =
wagn 1% luunoznaosnsnon luuansduan
- @ LY ' ! @ J 1 vy
o lsunsuReadumsdsoudenmosss llmivayulddnm  Raw  uazdinlhgndes

an L Y 3 = ] : & : o
ﬂ"ﬂﬂ@ﬁi]?,ﬁuUﬁi,ﬁ!uﬂ’lﬁi]uﬁﬂﬂ1Wlﬂuﬂ1W‘liuﬂ TIFF (M9 F90 W TIFF Wit unw

2.7 Computer Graphic
. ] o [ o = kY ) 4
Computer Graphic WHWD4 MITT1UAZNITTANITAUN NN AN Il dnouninos

] : = J = '
(cmTﬂemmﬁmﬂunﬁuﬁmaaﬂmwamw Lmzm?mwnwwﬂmm)



20

5 ) 3 = ¢  Mad =
ASASNMWATIHAAADUNUADS  UITATAII 2 LUU A9 uUUDauLW  (Bit
o ] a 9 [ ay
Mapped) HAZUULLINADS (Vector) N30 150 (Stroked) iAazuUIsNIsad1anngsne 11
1. asAnuuuiianuy
nswnuuudenulanunuisinoudineas lasean Ae Danvuzidlures miou
] = gA ' & Y =Y 4 e == = ooy oy ] o
A5 unazUanfeaIunisvestoyanauiimes (FannomiagUateluruieanusr 1
= - = = o adydn/ A A =t a g w;’,’ g
nuenade uag "0" HuwnIla) uazalnstarlatingaruiedsdfmaz 9020 f9Tu o
suoiinnuanaliuluunazasians i (519 MWIIOTIINININYAAUDLVT?
1 :"ly =) (=3 =Y = o dr. - | [ ) Fy o Fy ]
il la nsiWnuuulauudynatiaidnessimilauduaguiadsems  dvinnudlaaw
T ] dy 4:; = a' ] at c; = dy F
A199 At iesaszuanhemistestuilaymnennaiiu1é
= . = [~ o & 3/ o o 3
finwa (Pixel) Ania (Hufnldunuesdsznovvesnim) 1Wuesrseneviugu
=N P o [ ] cs.y s 3 o 3 a 5/ [ P
yoamwiiaunl Feesdlsenovtesy malgnsmiud i ifanw sinsduaoiunsi
[} [ [ A =9 a ] [~ Y ] ] ay
fudsznevdang wsuduwmeysznoudusiensd@avesanng Wudun wiunazduves
[~ s [~ 3 1 [~ =~ w ¢ s [
yasnnszanuidsenaunuduvingy  ueaziyvasniswuilnansosdsenoununatotly
3/ o w Y ay = ] = o [~ c::
nanunemuovilngnies 1 $u viseunazyeveslanziuisznounutuglaim 1 g W
] L4 o Y -ay [l ¥ 2] = [~ t o gy
fAooanaznauorvaztundidulnguuniie niege lave@uwany vuududsunld lay
1 QW 3 ' A a =1 =] Yo o A 1 [l g el
nAazFUIl R U5 TR UNLENYINNY nJ'stmmUu"lﬂﬂuwmmammmﬂuﬂmnﬂaumaﬂﬂqﬂ
=y = s @ T P =Y o 1
Y093Un W AnalinnudAgyaan1saiansIinueINBNAARDININ ML AINVDS
NI U 99 1Y nuuaotazdvesn v Auduninfinaandu Aneraniie o199l
YA uLas Fuanaasu 14
1 as = da v 3 o w oA o 3 ]
TulanuradiiaaavasgUnmwnauiumoiinea  lagnlddmsudadieg Wuduiga
] = a = Y = a 4 o
AR IAUUMIIOABNAIADS  JALAAININAZIBIAVDAUNT DINUNLLUIAIYDT nioginsol
oy A a o 2 2 ° Y o ¥
LARINAYSZIANNTIANDUY VDITZTUUADUNAADI Faundioram 1 dueanld
4 o a o o @ s ] 4 =Y L4 [ o
moldiAannudanu valdminannudas lUil Aama vuiets sandsenovdeslulna
a) = act = = o [ Y [~y 4
s nuuDdeusy 3 lannma v 29A132NVHRIUDININ IUHI 19DADUNAADS
= = = o a s A = o o
PAM30ADA MUY ANUAZIBATBININATLA JatnToRNAL ALY DT

I~ [ [l t
yaedlns lyunan 1w (Image Aspect Ratio) HOMITMS J¥u9In1H fiD 99518 IUTEHIS

SR AN LIV Hazs R nanulastldlumsadiann vnizendlea
= = [ [~ ¥ Y I~ o =Y - o
Wisueununszauniid  snmulanamdauudlen  Amwezluunnananlula
a & w | an Yy =R ™ ot
HUAUNAAZLUIAT FIdas1dul 1I0190wu avaemniazinozveulugUves 800 x 600

@Fevmedaglnwill 800 Aneraluuwivns uaz 600 UIIHAVDIRNEATULNIAY) 19)



21

Ed b4 ¥ ‘.
asadaaminuRnaana lugdnm ld lasmsquanauisgestididiedu 1

A

aa g Ao a &£ o v ) ¥
AogUnmitiuoadnisly 800 x 600 axUMIMUA 480,000 Ay AT Iudana1lyld

= 5 &
TTNWEJQQ%JU_IQ"U@QVlﬂﬁﬂ]@ﬁﬂ1wuuﬂ

T
=4

=1 @ . L . o =)
3 lwgHu (Resolution) 3 TagFu (Resolution) Hwha enzidanginIsiuaains1iln

= & o 1t a @ e o o = ° =
wiianilaiied 713 lrgFudnsyydudwaninea lunuiveufauuauni X uagdwoudinega
3 P} a :,J =} s 1 =) = ;
TunnAsfiouwauny Y a9s lagdu 720 x 348 JaeANd adnssluansnsWariiag
¥
ensouaadnaluuuivould by 720 Ana vazuaaannealuuuf 1 1Ny 348
= Y = o« =y =] s =1 ar . .
#na AnangUnsalaains WnUIT e sTYaIT lagdutlussduge (High Resolution) 1w
AR (Medium Resolution) UazizduA (Low Resolution) 1A8WZITMIINTIUIUNNa 1M
= ] =1 o o [ = a A Y] [}
unIHeREseE1s 512 Wlusedugs dwmsusenmuwaing d18aq3 legduninnd 1500
r oo ] o =] o d‘d = a/ =Y
mazues himuuaasinafoszueuiundunwiinnuazdoaaudagann  Aoufimes
Py a v o) ¢ v v a (=1 as
nsinildiuduniesdluszduionnardealdas lugdugata 3000
=Y o
2. ATTHNLULLINIAD S
=y aR) P~y PPN 3 9 1
nAnuuunmesaenniauulasshdaundiudseneuldds gan1en winue
' gq v = o« df [ ) ] Pl 3/
LANT ALY DONADS 1A UN1IN AR AT UAIA3190 T 19U J9naw NIDIAUAT
o Y] =] [T @ Y v dod 9 ' a o g [VK] @ o o (]
fudu fadheiligdudeudnanieausnmutiaiiafgnaiieldde nanhezir hlg
P o Y a a ) a
aswnuuunnwesAfe  MITuemdmeneuiunesiargasnendaeaasiieaiuY
= ar =] ¢ & 1 Y ' = g 2 A a ¢ o o g
Rerdueauing Feazddesldgunsuinounumedigu sonm visniesiwiudimua
' EY
ehzaaganian  Padwmdalalumsadam  quanvazmumariimldnsdnuy
nnwesive s oy vazdmFolssupnuenuns W nuu s

] ] 4 4
90UISNG (Object) POVINAIILY (91U 29naY 1HUATI NIINAY GOLIAR Lazdun

= ] J i 3/ d Jd e ¥ ; =y o
Soadzdnieiugnn  awsaldlumsadeeunndfidugouiu  nsdnubuNnADS

o = ar g o
mwsnadaglnnlaenssewenandtaws  FaNHaufLTIABNIIHTUEBUIRNA
1 a o ' : a 3 [ =y o 0 <
ANYUANY (1B 'Nﬂﬁ?JLleﬁuﬁiﬂ) Lﬁ@ﬁ%ﬁﬁﬂ1“ﬂ£mﬂﬂ%‘lﬂu ﬂmwmmunﬂmaﬂ%’mm
' 4y o4 74 Y a o o o ' Y
U9 IWDTINODUIINANUFIU ﬂ?LﬂJUHLﬂMﬂ‘]B1ﬂ1mﬂlLUUﬁ§51JGH mﬁammzmu”lmw

[ @ et =1 o 1
"andunssnnga A lufsge B" w3e "antenaninil R Tasligaguidnalsegiiys P

=) =) s o = 4 g =3
wWSyudsunaautdvens inuuuiauuduaznmuuyammes Tudaiives
msuaasnmiirenmuazaIwamse lumafasunnanmee 1duadail

= = ¥ d a Vo ' 4
1. ﬂﬁWﬂﬂL!‘U‘UUWLLMﬂfﬂNWSQLLﬁﬂ\ﬂ'ﬂﬁ’TUWi]'ﬂﬂ']‘wvlﬂlﬁ’Jﬂ'ﬂﬂTW!LUU!'JﬂLﬂ65



22

] = o ° o w
U msuaaamHuuuTauuduia 1000 lud sz Tasnsldmdededoyauuia 1000 Tud
v o { g [ 1 o :
nndsanus mnua lUfavissanudwoaeenn fie Video Display Buffer) n1WWY
d @ A o ) ' 4
Aezlsinguuesamiufl  MsuaRImwLLnnR Ao uneT iz 1FIanan fessn
aouRmesAnamimumdaniismaunnnd
- Y J ] = T = P13
2. nsnlasunlasumenmld lndunsoanan o mdy  nsdiawauy
L4 ¥
daunlezir1a lun wonvInHubion i Iidnuuzveinmiaiou ldnn@ude
4' :; ] oo a‘ . = :;n:: e -:;
insnnmsnlasuilasvinanini lagdsmamunioaainanniegdy  mwiveyla
& o ﬂ A A ~ " I ' o
Yuvzuoarmumsnimasuiseinedu  MlRnennuaieny IAMRLLVINRDS 92
] ¥
awnsotouasvseving lduinnd lasdadmuazdnyasvenindenddy tandnium

¥ A A qy d A 9 ' a uy
MUITDVNURWIZANUNINHIDA NV ma“lﬂummmﬂumwwanmamummmmu"lﬂ

2.8 OpenGL

OpenGL(Open Graphics Library) Huzordis lavs 5 (Software Library) l¥hndo

14
Q s A

o 4 ¢ A A o
ﬂ‘Uﬂ’l‘iﬂll’ﬁlﬁﬂﬂ'l‘illﬁﬂﬁﬂ‘mﬂﬁ'I‘Mlﬁﬂ TﬂU OpenGL ‘i]$1]ﬂ‘l’cNﬁ'l‘r'f‘i‘Uﬂ'Ii’J'lﬂﬂ'lWWHj'lu ﬁﬂ

a4 fd o oA ' o o A
99 Lﬁ"'u ua:gﬂmaunmaq HAZMTUAAINALITINDT mmmﬁugmﬁagﬂ‘izmm 120 Adan

© o _= 0" b é g
munsalddmuanudnuaz wavaruaumshauveweniinduila Fedwannllsunsy

s
a a o

a1m13014 lavs15 OpenGL 18 Taslilimdvans v ldininiilausi3ves openGL 11140
Ieetnaunsnaivluauns iy

a0 190 OpenGL fivadl clc (VC++, Borland C++, C++ Builder, C
compiler on UNIX), Delphi, Visual Basic, Java,Perl, Python, Fortran 116i¢ Ada Dudu

ipannTnseard 19409 OpenGL (Hudumesiaiifiudaszonasauad (Hardware -
Independent interface) uazmn1591%'"lﬁ'ﬁ'uszuuﬂﬁﬁﬁmsHmummu "lﬂﬁmzl.i‘lu Windows,
UNIX, (X Window System), IBM OS/2 H50 Apple Mac OS fdlhlﬁsf ua:ﬁ'wmaﬁ OpenGL
anoenuuuldin Tas lidadaduszun annsavanlduumnqundarlosy (independent

14 o

= J ° 3 ¥ Ao a o e =
ATTNUDINVRTITULIDI 'ﬂ'lah‘f OpenGLthﬂJﬂ'lﬁQVI%ﬂﬂ'liﬂllﬁ%lllll]ﬂﬂﬂﬂ'lﬁlﬁﬂ Bf
o t4
= 9/

fada lifidrdanefudunanndlddndae nihfiveassedestiivyosdileuTusunsy

1 a 4 ° o ' a a '
(Programmer) fivzAvanoauvuLazfouTaameinisiianutiullesaldszansam ua
i

H ¥ L4
atalsfnu Sallghaangaedanmsnuniaesimniannldsunsyvussuvlgianmsuuy

Ao o 1 A

Y e o 10w
Windows g‘ﬂﬁa INA1I10 GLUT(OpenGL Utility Toolkit) 18N910U OpenGL fa'laufifda



23

ssdugefiozldnaing 3 Suvududeu wu sosud o3uas o Tuanad 139 #1# OpenGL
wson 1 ifvansafiegy$iaes 3 Tafegnsusvindinodiedie1dun ya 1w uazgunary
LH%UU‘?QI‘;‘MI%’Q’IHilzél'ilx'lﬂ"lzﬂ1’15QLHﬁTd’U1ﬂi$ﬂﬂUﬁulﬁE}1ﬁllﬁﬂ;i.ﬂﬂiﬂ 3 fafdudou
(1Taus15 Open Inventor gﬂﬂ%aa{umn%ﬂﬁﬁwm OpenGL o0 1R dmusadmun
ahaginssfisudouldTasiw)

g1 OpenGL IégamumIuRIBesdU 2.0 FsaunsafnuswaziBeaRviy

OpenGL a0 http://www.opengl.org/documentation/spec.html

ITmmediate Mode

«-— Geometric pipeline
i

{

Per Vertex
Polynomial Operation &
Evaluation Primitive
Assembly
Disola o Rasterizati Per Fragment Frame
CPU lllsf; ) y as CIIZ?. 1.on Operation Buffer
Tuxture
.| Memory
v, Pixel
Operations

31 2.19 an1imens suvee OpenGL

2.9 Rendering
o ) .8 3 1 [
Tunszurumsadanm muiamensunanes iuaniaunizuumsndn q 18
2 isznn Ao MT modeling 4AZAS rendering 1AAN1T modeling AoNIA31ITARAIL
geometric primitive {UU#197 11921HU polygon v3e NURBS T3ufiamafmuaunasiiia
¥ ¥ r ]
UEAZYUNADY §IUNTS rendering Wiluduasuezinsadninlaelfdoyniilden
. A o 1 T & ' oA
A5 modeling tHoMIMsuaaswalugiuuua q ae'ly Fagagsnuioueans render A0
o é'l ¥ é 9 P Y é =1 ] 1 9
nsfwnive 19 ldnddoyaiezimbszneuduilunmanils  fossuanmaninnisadi
& A Y a oo o P b k) ) 4
amuuuduassiidunadiuondeyovestagluideewiid  fignadulaeldneuianes

L]
o 9

& & o !
NINUA YINTY render umﬂunsxmumiﬁmumaumﬂ



24

2.10 Lighting
9 an 9 = o z P g = Y] o a 1

Tumsadummmudfdisneniianoiiu umanianasuuiumvesingnawmialag

1 o
vzgnuisoanitlu 2 1U5z1am A9 local illumination 1A% global illumination

] ¥
Local illumination ABMIALAINAUMAIRNTAADNTE NUAIUUNWHIIAY TAsnsa
v v 14 ' ¥ v

Global illumination AemMsfussRannIznuaILIRguiuueiazfouinniiuAdy

o a &b ﬂ 3/ = n’: = M o 3 19 o
FOUAIUY HIDT10 "InlfniﬁgﬂﬂuLWUﬂﬂ5\1!ﬂU')H5E}UUﬂ5Q1Uﬂ')uﬂﬂ11’

Local illumination

N Global illumination

r ¢

[] 1 ¥
71 2.20 wanariiavoaATIANNTENUWLR?

2.11 RAY-CASTING

A e dy et g/ = o 1 Qs t ' &
Wo  2-3 Ynewuundl vlﬂIJﬂ'l‘iGlﬁiﬂﬂllﬂ’)lﬁf)iﬁ’)uuﬂﬂﬁﬂufJU'NLLWTHﬁ'IU HINTT

) = ; o 9 = ) 9 d'd. @ ad A ] J
wiydulail MlddanwawdusazanuaulaluFowesiadiiby s lusuil
r] P 9 o ot Qs o o e o
TN NITTIVIWANYS uazdsgaumsalifeatunszurumswannssuuliaaliny

Taomwiz luisosuoalaallifueuiia

aNHAUTVAIND

2.
=h.

a A w I o o
nsawvemaiusidfgverinnmaniuawazmsueunuluilegiv 4

a ¥ v A S da o A
aninotuieldidilelusosvewaaniunae nougoynIa Las NougAau
=4 r A ) J Y o s
mangufoynn : uaadudumilwesdvendunss , dFuduassiigniiialae
Ao A ' o ae qyw a A 'ﬂ a
zoznanduiigasznings 2 99 ewilinldtusnadailidhuldauuuuvesgnaa)

Lﬁﬂ\ii]'lﬂlﬂ‘l-lﬂ'lillffﬂﬂ'uﬂﬁu‘)ﬁﬁﬁ'lﬁ'lﬁ\iﬁmim'l



25

- A P 1 - [] 9 X- o o ar g

nMangenan : lananfuvsdudsouaniinnuasududounazfidesnisany
- d X n‘ z i X -7 1] (-7}
fAaruduaBn , Fodu Ao “uihadur nausziinsulsdudugieg (uflsddunmu) gauy

4 { ~ J a1 Y n‘: ) i = o = a
aaunasosend wa leneedie yaiundoud i ludeaniadorfuuas lunanfedu
° Ve > o o Y o o o 1 ¥ A A o
Aumdangaiuiimaainulunandedu swgnifondi nndu vesnduwiug uasluszuy
Ja . t Y A = A o
i fip Ay uUnTInANAM AU NTIUDY
8
nanlavagy , duwis 2 Tdesuetwmnuaaniulumafiordu fe uas Wudm
A dy v '

nilan lannmsunsnszeeveuay In

RAY-CASTING

RAY-CASTING fp Jndmiumsadummauiia  woldusuiusimuuni

P o 9 o [ a \ A g 9 ¥ o
90A0uNUADS 1Ay 1FMATIAA1NFUIRLIAUMS scanline %50 Z-buffer R1Flumsadiegine:
Hanuazhndwadaty dnlndifswazdunmsveivuns RAY-TRACING fifla RAY-

A - 1 . é @ §
CASTING %4lasinfilumsindoud s hidden-surface Fafumoeuiisesldwansznunig
mMupHA A MU UISIBUMIRBUT DM aoa W
o aadd M [ J a o " a 1 ]

Tymmanvosmsuaasmwamianae nsdatuAlf lidesmsesn |, dlediagu
-4 = u’: o v ! ' ] ) o '
Auinhuiiudunisnaneen lannsousaiiu1d JgymiildgnudluluTEmsern dudy
' oy 1 4 A 9/ ] = < o
1 luiEmsves Z-buffer , snnudninudesluudazinmavusenm dnnudnuosgai

o w a oY ' < A ] e

IMFaRe I aDUIeNIN (e mmsmionds) innfeuninudniigrinuTingaves
=y 3 = o = ] 2 o o ﬂ ' ]
Anmariu , Anmagasmuadvesga uazamanudninldeundaaiunln

Tu  RAY-CASTING  Saflwpaumaldonszdumeninnrouas lufagauuszuiui

o 3

goandosfuRnalY  AMSUNUAIUDININUARZFIA  ST0LNIIVBILAINILADUAUNI

[Y ¥
A a o ¥

] 3 ¥
reufey ldaruiufniuezdosgniinlasiinsliesduniodtnundamanidugs

23

] ¢ ¥

= @ { v { ! o d o { o ar
uihntiszeemanduigaezeglndiiqe uazwnfluiufimusadiu’ld Tashisuszdiudda

€e ﬁh

¥ ¥
a 4

3 ¥ v ¥
WUTMdUG ANl RAY-CASTING wiiluiimsindeudwiuignilaiuet’

)

Tuanutueise , RAY-CASTING fimsi sz Tomnildunnue, Ysinasvoadng
alufigluvudumesguiengniinsed 18 lasiin1sues RAY-CASTING gfiumaiinms
swMuiiungy RAY-CASTING 0193zszgna lfluasuansnmdeyaifalsuns
dufu RAY-CASTING Suthumaiianisn/deuuasdoyaiindedin hluawliag
tracing rays 91098 Viewpoint sl hlSinasfisdeens ondIed 1919y RAY-CASTING

] ¥
flumanfaountasuetinivesnnnn A TUd B Kegiddrad



dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnsnuiludnuadilon uaznedendideaivesonalsynaseniinisuiliuly



dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnsnuiludnuadilon uaznedendideaivesonalsynaseniinisuiliuly



28
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2.13 Image Reconstruction
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void _ fastcall TForm:::Button1Click(TObject *Sender)
{

vtkConeSource *cone = vtkConeSource::New();
cone->SetHeight(3.0;

cone->SetRadius(1.0);
cone->SetResolution(s00.0);

vtkPolyDataMapper *coneMapper = vtkPolyDataMapper::New();
coneMapper->SetInput( cone->GetOutput() );

vtkActor *coneActor = vtkActor::New();
coneActor->SetMapper(coneMapper);
coneActor->GetProperty()->SetColor(200,0,0);

coneActor->GetProperty()->SetDiffuse(ioo);
coneActor->GetProperty()->SetSpecular(so;
coneActor->GetProperty()->SetSpecularPower(so0);

vtkBorlandRenderWindow:->GetRenderer()->AddActor(coneActor);

coneActor->Delete();
coneMapper->Delete();
cone->Delete();

}
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Features

* Compatible with MCS-51™ Products

* 4K Bytes of In-System Reprogrammable Flash Memory
— Endurance: 1,000 Write/Erase Cycles

* Fully Static Operation: 0 Hz to 24 MHz

* Three-level Program Memory Lock

* 128 x 8-bit Internal RAM

+ 32 Programmable /O Lines

* Two 16-bit Timer/Counters

+ Six Interrupt Sources

* Programmable Serial Channel

* Low-power idie and Power-down Modes

Description

The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
bytes of Fiash prograrmmable and erasable read only memory (PEROM). The device
is manufactured using Atmel's high-density nonvolatile memory technology and is
compatible with the industry-standard MCS-51 instruction set and pinout. The on-chip
Flash allows the program memory o be reprogrammed in-system or by a conven-
tional nonvolatile memory programmer. By combining a versatile 8-bit CPU with Flash
on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which provides
a highly-fiexible and cost-effective solution to many embedded control applications.
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The AT89C51 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 |/Q lines, two 16-bit
timer/counters, a five vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator and clock cir-
cuitry. In addition, the AT89C51 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The idle Mode
stops the CPU while altowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The
Power-down Mode saves the RAM contents but freezes
the oscillator disabling all other chip functions untit the next
hardware reset.

Pin Description

vCC
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-bit open-drain bi-directional /O port. As an
output port, each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
impedancs inputs.

Port 0 may also be configured to be the muitiplexed low-
order address/data bus during accasses to external pro-
gram and data memory. In this mode PO has internal
pullups.

Port 0 also receives the code bytes during Flash program-
ming, and outputs the code bytes during program
verification. External pullups are required during program
verification.

Port 1

Port 1 is an 8-bit bi-directional /O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins they are pulted high by
the intemal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (I, ) because of the intemal pullups.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port 2

Port 2 is an 8-bit bi-directional VO port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins they are pulled high by
the intemal pullups and can be used as inputs. As inputs,

Port 2 pins that are externally being pufled low will source
current (I, ) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, it uses strong internal pullups
when emitting 1s. During accessas to extemal data mem-
ory that use B-bit addresses (MOVX @ R), Port 2 emits the
contents of the P2 Special Function Register.

" Port 2 also receives the high-order address bits and some

control signals during Flash programming and verification.

Port 3

Port 3 is an 8-bit bi-directional /O port with internal pullups.
The Port 3 output buffers can sink/source four TFL inputs.
When 1s are written to Port 3 pins they are pulled high by
the intemal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (I, ) because of the pullups.

Port 3 aiso serves the functions of various special features
of the AT89C51 as listed below:

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P31 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P33 INTT (external interrupt 1)

P3.4 TO (timer O external input)

P35 T1 (timer 1 exdernal input)

P3.6 WR (external data memory write strobe)
P37 RD (external data memory read strobe)

Port 3 also receives some control signats for Flash pro-
gramming and verification.

RST

Reset input. A high on this pin for two machine cycles while
the osciliator is running resets the device.

ALE/PROG

Address Latch Enable output pulse for latching the iow byte
of the address during accesses to extemal memory. This
pin is also the program pulse input (PROG) during Flash
programming.

in normal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE
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pulse is skipped during each access to external Data
Memory.

If desired, ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN

Program Store Enable is the read strobe to externat pro-
grarn memory.

When the AT89C51 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to extemal data memory.

EA/VPP

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
intemally latched on reset.

EA should be strapped to Ve for internal program
executions.
This pin also receives the 12-volt programming enable volt-
age (Vpp) during Flash programming, for parts that require
12-volt Vpp.

XTAL1

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

XTAL2
Output from the inverting oscillator ampilifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an extemal clock source, XTAL2 should be left

unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the external
clock signal, since the input to the intemal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed,

Idle Mode

In idle mode, the CPU pults itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

It should be noted that when idle is terminated by a hard
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the internal reset algorithm takes control. On-chip hardware
inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when idie is terminated by
reset, the instruction following the one that invokes Idle
should not be one that writes to a port pin or to external
memory.

Figure 1. Oscillator Connections

c2
™
C1 [
| XTAL1
? GND

Note: C1,C2 =30 pF +10 pF for Crystals

= 40 pF 110 pF for Ceramic Resonators

Status of External Pins During Idle and Power-down Modes

Moda Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power-down Internat 0 ] Data Data Data Data
Power-down External 0 0 Float Data Data Data
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Figure 2. External Clock Drive Configuration

NG ——— 1 XTAL2
EXTERNAL

OSCILLATOR XTALt
SIGNAL

Power-down Mode

In the power-down mode, the oscillator is stopped, and the
instruction that invokes power-down is the last instruction
executed. The on-chip RAM and Special Function Regis-

Lock Bit Protection Modes

ters refain their values untit the power-down mode is
terminated. The only exit from power-down is a hardware
reset. Reset redefines the SFRs but does not change the
on-chip RAM. The reset should not be activated before V.
is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and
stabilize.

Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the
additional features listed in the table below.

When fock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value, and holds that value until reset is activated. It is nec-
essary that the latched value of EA be in agreement with
the current logic level at that pin in order for the device to
function property.

Program Lock Bits
LB1 LB2 LB3 Protection Type

U ) U No program lock features

P U U MOVC instructions executed from external program memory are disabled from
fetching code bytes from internal memory, EA is sampled and laiched on reset,
and further programming of the Flash is disabled

P P U Same as mode 2, also verify is disabied

P P P Same as mode 3, also external execution is disabled

AINEL 5
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Programming the Fiash

The AT89C51 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage {12-volt) or a low-voltage
(Vcc) program enable signal. The low-voltage program-
ming mode provides a convenient way to program the
AT89C51 inside the user's system, while the high-voitage
programming mode is compatible with conventional third-
party Flash or EPROM programmers.

The AT89C51 is shipped with either the high-voltage or
low-voltage programming mode enabled. The respective
top-side marking and device signature codes are listed in
the following table.

Vep =12V Vpp =5V
Top-side Mark AT89C51 AT89C51

3000 000¢-5

yyww Yyww
Signature (030H) = fEH (030H) = 1EH

(031H)=51H {031H) = 51H

(032H) =F FH {032H) = O5H

The AT889C51 code memory array is programmed byte-by-
byte in either programming mode. To program any non-
blank byte in the on-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mode.
Programming Algorithm: Before programming the
AT89C51, the address, data and control signals should be
set up according to the Flash programming mode table and
Figure 3 and Figure 4. To program the ATB9CS51, take the
following steps.
1. Input the desired memory location on the address
lines.
2. Input the appropriate data byte on the data lines.
3. Activate the correct combination of control signals.
4. Raise EAVpp to 12V for the high-voltage program-
ming mode.
5. Pulse ALE/PROG once to program a byte in the
Flash array or the lock bits. The byte-write cycle is

self-timed and typically takes no more than 1.5 ms.
Repeat steps 1 through 5, changing the address

and data for the entire amay or until the end of the
object file is reached.

Data Polling: The AT89C51 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written datum on PQ.7. Once the write cycle
has been completed, true data are valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy: The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulied high again when programming is
done to indicate READY.

Program Verify: If lock bits LB1 and L.B2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.

Chip Erase: The entire Flash array is erased electrically
by using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code amay is written
with all “1"s. The chip erase operation must be executed
before the code memory can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H, 031H, and 032H, except that P3.6 and
P3.7 must be pulled to a logic low. The values returned are
as follows.

{030H) = 1EH indicates manufactured by Atmel
(031H) = 51H indicates 89C51

(032H) = FFH indicates 12V programming
{032H) = 05H indicates 5V programming

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
compietion.

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.
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Flash Programming Modes

Mode RST PSEN ALE/PROG EANg | P2.6 | P27 | P36 | P37
Write Code Data H L H/12v L H H H
S
Read Code Data H H H L L H H
Wirite Lock Bit-1 H L H/12v H H H H
—~_
Bit-2 H L H/12V H H L L
—~
Bit-3 H L H/12v H L H L
-v
Chip Erase H L " Hit2v H L L L
-~
Read Signature Byte H L H H L L L L
Note: 1. Chip Erase requires a 10 ms PROG pulse.
Figure 3. Programming the Flash Figure 4. Verifying the Flash
+5V +5V
AT89C51 T ATBYCS1 T
ADDR. Ao ATl p1 Veo Appr. R0 Al by Voo
OOOOHIOFFFH PGM OOOOHOFFFH PGM DATA
P20 - P23 PO DATA P20 - P23 PO —» (USE 10K
A - AL A8 - Al PULLUPS)
—» P26 r—. P26
SEE FLASH ] P27 ALE le—— PROG SEE FLASH P2.7 ALE
PROGRAMMING . PROGRAMMING
MODES TABLE | — % P38 MODES TABLE | —»| P36 Ly
——»{ P3.7 — | P37 "
XTAL2 EA |[¢— VNV —¢——— XTAL2 EA
3-24 MHz |
I:I
XTAL1 RST l¢—— V,, RST - Vy
GND PSEN __L PSEN ——

AIMEL
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Flash Programming and Verification Waveforms - High-voltage Mode (Vpp = 12V)

P10 - P1.7 PROGRAMMING VERIFI{CATION
P20 - P23 < ADDRESS j ADDRESS
+— tavav
PORT 0 DATA IN (_DATA OUT L——
va.  toHox [
taval {onax
ALE/PROG ) A
o e
— — s Vpp
BANVee T Nweecd T T
‘_ﬁ
P2.7 fes teav - ooz
{ENABLE)
toHeL —*
P34
{RDY/BSY) BUSY READY
twe

Flash Programming and Verification Waveforms - Low-voltage Mode (V,, = 5V)

P1.0 - P1.7 PROGRAMMING VERIFICATION
P20 - P23 ADDRESS —j ADDRESS
— Loy
PORT 0 DATA IN ‘DATA OUT p——
"tover  torox
tAVGL tGHAX
ALE/PROG A
tSHGL ¢ tGLGH ’
— LOGIC 1
EAVp /77 2 woeicol |
‘—_
P27 feron taqv - *+ tenaz
(ENABLE)
teHpL
P34
(RDY/BSY) BUSY READY
tWC
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Flash Programming and Verification Characteristics

To=0°Cto 70°C, V. = 5.0110%

Symbol Parameter Min Max Units
Vpel? Programming Enable Voitage 115 125 Vv
1o Programming Enable Cumrent 1.0 mA
LY Oscillator Frequency 3 24 MHz
taveL Address Setup to PROG Low 48t o,

torax Address Hold after PROG Bloa

tovaL Data Setup o PROG Low 48Bto o

taox Data Hold afier PROG 48ty o

tersn P2.7 (ENABLE) High t0 Ve, 48t o,

T Vpp Setup to PROG Low 10 us
tag Ve Hold after PROG 10 us
toron PROG Width 1 110 us
tavov Address to Data Valid 48t o

tey o ENABLE Low to Data Valid 48te oL

tenaz Data Float after ENABLE 0 48t o

tonaL PROG High to BUSY Low 1.0 us
twe Byte Wirite Cycle Time 20 ms

Note: 1. Only used in 12-volf programming mode.
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Absolute Maximum Ratings*

AIMEL

Operating Temperature -55°C to +125°C *NOTICE:  Stresses beyond those listed under “Absolute
Maximum Ratings™ may cause permanent dam-
Storage Temperature -65°C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these or any
Voitage on Any Pin other conditions beyond those indicated in the
with Respect to Ground -=1.0V to +7.0V operational sections of this specification is not
] implied. Exposure to absolute maximum rating
Maximum Operating Voltage 6.6V conditions for extended periods may affect device
reliability.
DOC Output Current 15.0mA
DC Characteristics
T, =-40°C to 85°C, Vg = 5.0V £20% (unless otherwise noted)
Symbot Parameter Condition Min Max Units
Vi Input Low-voltage (Except EA) 05 0.2 Vee-0.1 v
Vis Input Low-voliage (EA) 0.5 0.2 Vee-0.3 v
Vi input High-voltage (Except XTAL1, RST) 0.2V +098 Ve + 05 v
Vi input High-voltage (XTAL1, RST) 0.7 Vee Ve +05 v
Voo Output Low-voltage!'! (Ports 1,2,3) Iy =16 mA 0.45 v
Oulput Low-voitage!" _
Vour (Port 0, ALE, FSEN) o, =3.2mA 0.45 v
log = 60 pA, Ve = 5V £10% 24 v
Output High-voltage _
Vou (Ports 1,23, ALE, PSERN) Ion = 25 pA 0.75 Ve v
loy =-10 A 0.9 Ve v
los = -800 A, Ve =5V 110% 24 v
Output High-voitage =
Vou (Port 0 in Extsrnal Bus Mode) low = -300 pA 0.78 Ver v
low = -B0 pA 0.9 Ve v
Iy Logical 0 Input Current (Ports 1,2,3) Vi = 0.45V 50 HA
Logical 1 to O Transition Current _ -
(. (Ports 1.2.3) Vi = 2V, VCC = 5V £10% 650 HA
I Input Leakage Current (Port ¢, EA) 045 <V < Vg #0 pA
RRST Reset Pull-down Resistor 50 300 KQ
Cy Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF
Active Mode, 12 MHz 20 mA
Power Supply Currant
. \die Mode, 12 MHz 5 mA
C
Voc = 6V 100 HA
Power-down Mode'?! a
Voo =3V 10 pA
Notes: 1. Under steady state (non-transient) conditions, |5, must be externally limited as follows:

Maximum I, per port pin: 10 mA

Maximum lg_ per 8-bit port: Port 0: 26 mA

Ports 1,2, 3: 15 mA

Maximum total 1, for alt output pins: 71 mA
If 15 exceeds the test condition, Vi, may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.
2. Minimum V¢ for Power-down is 2V.

10 AT89C51 s EE————




S A T89C 51

AC Characteristics

Under operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for ail other
outputs = 80 pF.

External Program and Data Memory Characteristics

12 MHz Osciliator 16 to 24 MHz Osciliator
Symbol Parameter Min Max Min Max Units
Maei Oscillator Frequency 0 24 MHz
tos ALE Pulse Width 127 2 o 40 ns
tavie Address Valid to ALE Low 43 terer-13 ns
fax Address Hold after ALE Low 48 toic-20 ns
tw ALE Low to Valid instruction In 233 4165 ns
e ALE Low to PSEN Low 43 tec-13 ns
torrH PSEN Pulse Width 205 3t 20 ns
touv PSEN Low to Valid Instruction in 145 3ty 45 ns
toix Input Instruction Hold after PSEN 0 0 ns
toxz Input instruction Float after PSEN 59 tec-10 ns
toxay PSEN to Address Vaiid 75 torcL8 ns
taav Address to Valid Instruction in 312 Sterc 56 ns
toiaz PSEN Low to Address Float 10 10 ns
trere RD Pulse Width 400 Bteic 100 ' ns
L WR Pulse Width 400 Bt o ~100 ns
taLov RD Low to Valid Data In 252 St -90 ns
trmox Data Hold after RD 0 0 ns
Data Float after RD 97 24 o +28 ns
t o ov ALE Low to Valid Data In 517 Blg e -150 ns
Lavov Address to Valid Data in 585 Mo -165 ns
twe ALE Low to RD or WR Low 200 300 3ty o -50 3tei o +50 ns
tavwe Address to RD or WR Low 203 M -5 ns
tavwx Data Valid to WR Transition 23 tocL-20 ns
{A— Data Valid to WR High 433 Morc-120 ns
tamax Data Hold after WR 33 tore#20 ns
triaz RD Low to Address Float 0 0 ns
(P RO or WR High to ALE High 43 123 toLo-20 toc*25 ns

AImEL
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External Program Memory Read Cycle

F L —
ALE
tA\I'LL _; tU_PL — tLLIV tPLPH
PSEN N " teuv
—» je—to a7 < lexa
tLLAX tPXIZ
ool e
PORT 0 > A0-A7 K INSTRIN D > a-A1 >
- taviv
PORT 2 AB- A15 X AB-A15

External Data Memory Read Cycle

=Y
ALE AJF y N4

}
—¥ b

e— tr1 ey —
[ t1_|_w|_ —»
RD by ax —| - ‘
ety | B triov R taHnz
—#{ e+ tripx
PORT 0 __ > KAQO - A7 FROM Rl OR DPLY X DK DATA INJI>3%A0 - A7 FROM PCL>—< INSTR IN
i i
- Lo >
2 tvov >
PORT 2 K P2.0 - P27 OR A8 - A15 FROM DPH > A8 - A15 FROM PCH
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External Data Memory Write Cycle

"; G —
ALE

i

AT89C51

PSEN
— fuva ——*r—twwvﬂ —»
—_ |~
WR «—t o N
e tavg L —] VWX -— —* [+ bamiax
— tovwr —
PORT 0 _ > AC - A7 FROM RI OR DPL DATA ouT X ><AD - A7 FROM PCL>—(INSTR IN
- taw
PORT 2 ) P20 - P27 OR AB - A15 FROM DPH > A8 - A15 FROM PCH

External Clock Drive Waveforms

+— Lone
o5y 0.2 Vee- 0.1V N e N
— loiex —*
toc
External Clock Drive

Symbol Parameter Min Max Units
Meora Osdiflator Frequency 0 24 MHz
torin Clock Period 416 ns
tonex High Time 15 ns
terex Low Time 15 ns
teien Rise Time 20 ns
toneL Fall Time 20 ns

13
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Serial Port Timing: Shift Register Mode Test Conditions

{Vec = 5.0 V120%,; Load Capacitance = 80 pF)

12 MHz Osc Variable Oscillator Units
Symbol Parameter Min Max Min Max
baxL Serial Port Clock Cycle Time 1.0 12t 00 us
tovxr Output Data Setup to Clock Rising Edge 700 10ic o ~133 ns
terox Output Data Hold after Clock Rising Edge 200-117 ns
tyox Input Data Hold after Clock Rising Edge 0 0 ns
tioy Clock Rising Edge to Input Data Valid 700 101, o -133 ns

Shift Register Mode Timing Waveforms

INSTRUCTION IOt =213 % 5 i 6 | =7 1 8 |
. | basa,
crock 1 . Fo I N B
L > i
——bI-—tXbe
WRITE TO SBUF, 0o X 1 2 X3 X a X 5 X & X7
v — t
OUTPUT DATA bapy ] e boox SETTI
L CLEARRI 2
+
INPUT DATA

AC Testing Input/Output Waveforms'"

Ve~ 08 0.2 V. + 09V

TEST POINTS
0.2 Vg - 0.1V

0.45v

Note: 1. AC Inputs during testing are driven at V. - 0.5V fora
logic 1 and 0.45V for a logic 0. Timing measurements

are made at Vi, min. for a logic 1 and V, max. fora
logic 0.

Timing Reference
Points

LOAD

Note: 1. Fortiming purposes, a port pin is no longer floating
when a 100 mV change from load voltage occurs. A
port pin begins to float when 100 mV change from

the loaded Vo /Vg, level occurs.
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Ordering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
12 5V £20% ATBICS51-12AC 44A Commercial
AT89C51-124C 44} (0°C to 70°C)
ATBAC51-12PC 40P6
ATBSC51-12QC 440
AT89C51-12Al 44A Industrial
ATBICS51-12M 44} (40°C 10 85°C)
AT83C51-12Pt 40P6
AT89C51-12Q1 4Q
16 5V +20% ATBIC51-16AC 44A Commercial
AT88CS51-164C 44) (0°C 0 70°C)
AT89C51-16PC 40P6
ATBIC51-16QC 4Q
ATBIC51-16Al 44 " Industrial
AT89C51-16.J! 44) (-40°C 10 85°C)
ATBICS51-16PI 40P6
ATB9CS51-16Q1 44Q
20 5V +20% ATB89C51-20AC 44A Commercial
ATB3C51-20JC 444 ©°Cto 70°C)
AT89C51-20PC 40P6
AT89C51-20QC 44Q
AT89C51-20Al 44A industrial
AT89C51-20J1 44) {-40°C to 85°C)
AT89C51-20PI 40P6
ATBIC51-20Ql 44Q
24 5V £20% AT89C51-24AC 44A Commercial
ATB9CS51-244C 44 {0°C to 70°C)
ATBAC51-24PC 40P6
ATB9C51-24QC 44Q
ATB9C51-24Al 44A Industriat
ATBICS51-24.J 44 (-40°C 10 85°C)
ATB9C51-24P| 40P6
AT83C51-24Q1 44Q
Package Type
44A 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44) 44-lead, Plastic JHeaded Chip Carrier (PLCC)
40P6 40-lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
44Q 44-lead, Plastic Gull Wing Quad Flatpack (PQFP)

AINEL
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Packaging Information

44A, 44-ead, Thin (1.0 mm) Plastic Gull Wing Quad

Flatpack (TQFP)
Dimensions in Millimeters and (Inches)*
JEDEC STANDARD M$-026 ACB

PINIID 12.21(0.478) sQ

11.75(0.458)

0.80{0.031) BSC L

9.900.388) 7
o ‘— 1.20(0.047) MAX
0.20{.008) 7
R W
=

Controliing dimension: millimeters

44J, 44-lead, Plastic JHeaded Chip Carrier (PLCC)

Dimensions in Inches and (Millimeters)

JEDEC STANDARD MS-018 AC
045(1.14) X 45" PINNQ.1 045(1. 14)X30' 45 0120305}
N .. ey i ez
7 AR | i
! s' X
Ji g g-“ﬁ(‘”’soi ‘;::_[ £30(16.0)
—q b’650(185)" " | L | 50
032(813) § 3 E ' S 021(533)
a26(560) §: 5o jees1.T) i3 330)
B | 888174 EE
T J ] ‘ !: ‘e—;ﬁ 043(1.09)
050(127) TYP —Tr= o e (1
-~ soaznREFsq | = 526(508)
i L .120{3.05)
mn_rp-r SHHHR. T 0802.29)
.4 i 180(4.57}
= E 165(4.18)
= =
= :%
ﬁ . 022(.559) X 45° MAX (3X)

40P6, 40-lead, 0.600" Wide, Plastic Dual Inline
Package (PDIP)
Dimensions in Inches and (Millimeters)

2.07{52.6)
2.04(51.8)

—f
(] =m3

19cn(4azs>REF ;:I e 090(229)

220(5 59) 127)
MIN
semm
161(4 01 1
12"’(3 13’ ' JL 022(555(;;8 ,
.085{1.65) 014 356)
no(z 79) B4T(1.04)
020(2.29) £16.0)
l‘ 55X150)
1008(.203)
B90(17.5)
"‘_ .510(15.5)""

44Q, 44-lead, Plastic Quad Flat Package (PQFP)

Dimensions in Millimeters and (Inches)*
JEDEC STANDARD MS-022 AB

1345 (0.525) o
12.95 (0506}

PIN 11D

0.80 (0.031) BSC 1

r =

10.10 (0. 39‘)
9.90 (0. )

— 0.50 (0.020)

= I 6.35(0014)

245 {0.096) MAX
‘_

0.17 (0.007)
013(0005)

——l I-- 1.03(0.041) jo.zs(amn)w\x

078 (o 030)
Controlling dimension: millimeters
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MAXIV

+S5V-Powered, Multichannel RS-232

General Description
The MAX220-MAX249 family of line driversfreceivers is

Drivers/Receivers

Next-Generation
Device Features

intended for ali EIATIA-232E and V.28/V.24 communica- ¢ For Low-Voltage, Integrated ESD Applications

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 5uW. The MAX225,

MAX3222E/MAX3232E/MAX3237E/MAX3241E/
MAX3246E: +3.0V to +5.5V, Low-Power, Up to
1Mbps, True RS-232 Transceivers Using Four
0.1pF External Capacitors (MAX3246E Avaliable
in a UCSP™ Package)

MAX233, MAX235, and MAX245/MAX246/MAX247 use ¢ For Low-Cost Applications

no external components and are recommended for appli-
cations where printed circuit board space is critical.

Applications

MAX221E: =15kV ESD-Protected, +5V, 1A,
Single RS-232 Transceiver with AutoShutdown™

Ordering Information

Portable Computers

Low-Power Modems

Interface Translation

Battery-Powered RS-232 Systems

Multidrop RS-232 Networks

PART TEMP RANGE PIN-PACKAGE
MAX220CPE 0°C to +70°C 16 Plastic DIP
MAX220CSE 0°Cto +7G°C 16 Narrow SO
MAX220CWE 0°C to +70°C 16 Wide SO
MAX220C/D 0°C to +70°C Dice*
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 -65°C to +125°C 16 CERDIP

AutoShutdown and UCSF are trademarks of Maxim Integrated
Products, inc.

Ovrdering Information continued at end of data sheet.
*Contact factory for dice specifications.

Selection Table

Power No. of Nominal SHDN Rx
Part Supply RS-232 No. of Cap. Value & Three- Activein Data Rate
Number {\ Orivers/Rx Ext. Caps {uF) State SHDN {kbps) Features
MAX220 +5 212 4 0047033 No o 120 Uttra-low-power. industry-standard pinout. |
MAX222 +5 2/2 4 01 Yes — 200 Low-power shutdown
MAX223 (MAX213} 45 4/5 4 1.0(0.1) Yes v 120 MAX241 and receivers active in shuldown
MAX225 +5 5/5 0 —_ Yes v 120 Availabie in 80
MAX230 (MAX200) +5 50 4 1.0(0.1}) Yes — 120 5 drivers with shutdown
MAX231{MAX201) +5and 2/2 2 1.0{0.1) No — 120 Standard +5/4+ 12V or battery supplies;
+7.510 +13.2 same functions as MAX232
MAX232 (MAX202) +5 2/2 4 1.0(0.1) No — 120 (64) Industry standard
MAX2324 +5 2/2 4 0.t No — 200 Higher slew rate, smalt caps
MAXZ233 (MAX203) +5 2/2 ] — No — 120 No externial caps
MAX233A +5 2/2 o] — No — 200 No external caps, high slew rate
MAX234 (MAX204) +5 40 4 1.0(0.1) No — 120 Replaces 1488
MAX235 (MAX205} +5 55 0 — Yes —_ 120 No external caps
MAX236 (MAX208) +5 43 4 1.0 (0.1} Yes — 120 Shutdown, three state
MAX23T (MAX207) +5 5/3 4 1.0(0.1} No — 120 Complements iBM PC serial port
MAX238 (MAX208) +5 44 4 1.0(0.1) No — 120 Repiaces 1488 and 1489
MAX239 (MAX203) +5 and an 2 10(0.1) No — 120 Standard +5/+12V or battery supplies;
+75t0+13.2 single-packagse solution for iBM PC saria port
MAX240 +5 5/5 4 1.0 Yes _ 120 DIP or flatpack package
MAX241 (MAX211) +5 4/5 4 1.0{0.1) Yes — 120 Complete IBM PC serial port
MAX242 +5 2/2 4 01 Yes v 200 Separate shutdown and enabie
MAX243 +5 2/2 4 0.1 No — 200 Open-fine detection simplifies cabling
MAX244 +5 8/10 4 10 No — 120 High slew rate
MAX245 +5 810 0 — Yes v 120 High siew rate, int. caps, two shutdown modes
MAX246 +5 8/10 o} - Yes 4 120 High slew rate, int. caps, three shutdown modes
MAX247 +5 B9 0 — Yes v 120 High slew rate, int. caps, nine operaling modes
MAX248 +5 a/8 4 10 Yes 4 120 High slew rate, selective half-chip enables
MAX249 +5 610 4 1.0 Yes v 120 Available in quad Hatpack package
MAXIAM 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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MAX220-MAX249

+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243

Supply Voagea (VEC) v ocvveeeeierereeerninses e 0.3Vto +6V
V+ (Note 1) ~(Vcc-03V) 1o +14V
V- (NOLE 1) i e n s +0.3Vio +14V
Input Voitages

Rin (MAX220)
TourT (Except MAX220) (Note 2) ..
TOUT (MAX220) ...t e snesrre e nrens
Cutput Voltages
TOU T e ereeecrreicuerereecamaemescsecseranen s smssssanstante et o s senbbermnneansin +15V
Rour.. ...-0.3Vto (Vcc + 0.3V)
Driver/Receiver OQutput Short Circuited to GND......... Continuous
Continuous Power Dissipation (Ta = +70°C)
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)..842mW

18-Fin 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 SQ (derate 8.70mW/°C above +70°C)...696mwW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mwW
18-Pin Wide SO gderate 9.52mW/°C above +70°C).....762mW
20-Pin Wide SO {derate 10.00mW/°C above +70

20-Pin SSOP (derate 8.00mwW/°C above +70°C) .......... 640mwW
16-Pin CERDIP (derate 10.00mW/°C above +70°C).....800mW
18-Pin CERDIP (derate 10.53mW/°C above +70°C).....842mwW

Operatlng Temperature Ranges

MAX2 _AC__, 2 C_ _ ....0°C1o +70°C
MAX2__AE_ _, MAX2_ E__ -40°C 1o +85°C
MAX2  _AM_ _ MAX2_ _M__.. -55°C to +125°C

Storage Temperature Range . ........o..ooooveoroee.. -65°C to +160°C
Lead Temperature (soldering, 10s) (Note 3)................... +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 Toyt in high-impedance state, SHDN or Vee = OV.

Note 3: Maximum refiow temperature for the MAX233A is +225°C.

Stresses beyond those listed under “Absolute Maxirmum Ratings”™ may cause permanent damage lo 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 o
absolute maximum rating conditions for extended periods may affect device reliability.

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

(Vce = +5V £10%, C1-C4 = 0.1yF, MAX220, C1

=0.047uF, C2-C4 = 0.33yF, Ta = TMIN to TMax, unless otherwise noted.)

PARAMETER [ CONDITIONS [ MIN TP  MAX | UNMITS
RS-232 TRANSMITTERS
Output Voitage Swing Al transmitter outputs loaded with 3k o GND +5 +8 \']
Input Logic Threshold Low 14 0.8 \
. ) All devices except MAX220 2 14
input Logic Threshold High Vv
put Log! g MAX220: Voe = 5.0V 24
All except MAX220, nommal operation 5 40
Logic Pullupinput Current SHDN = OV, MAX222/MAX242, shutdown, WA
+0.01 x1
MAX220
Ve = 6.5V, SHDN = OV, VouT = +15V,
Outout Leakane C MAX222/MAX242 001 =10 .
tput Leakage rrent
uipy ge ~u Ve SN - oy |VouT= 215V 001 10 .
ce= = MAX220, VouT = 12V +25
Data Rate 200 116 kbps
Transmitter Qutput Resistance Voo = V+ = V- = OV, Vour = 22V 300 10M Q
Vour =0V *7 +22
Qutput Short-Circuit Current Vi =0V mA
® our =0 MAX220 +60
RS-232 RECEIVERS
RS-232 Input Voltage Operating R 230 v
pul Yollage Uperating Hange MAX220 225
All except MAX243 R2 0.8 .
RS-232 Input Threshold Low Ve =5V xcop N 1.3 v
MAX243 R2 N (Note 4) -3
Al t MAX243 R2 _ 4
RS-232 input Threshold High Vee =5V =P N 18 2 v
MAX243 B2 1 (Note 4) 05 0.1
2 MAXIMN




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

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

PARAMETER CONDITIONS MIN TYP MAX UNITS
All exce;?t MAXQZO/MAXZA‘B, Vcc =5V, no 0.2 05 10
BS.252 Inout Hyst ) hysteresis in SHDN v
- n| eresis
put Hy MAX220 0.3
MAX243 1
. 3 5 7
RS-232 Input Resistance Ta = +25°C (MAX220) 3 = 7 K
louT = 3.2mA 0.2 0.4
TTL/CMOS Output Voltage Low '
ulp g lout = 1.6mA (MAX220) 04
TTL/CMOS Output Voltage High louT = -1.0mA a5 Vee-02 v
Sourcing Vi = GND -2 -10
TTL/CMOS Qutput Short-Circuit Current — 9 YUt mA
Shrinking Vout = VcC 10 30
SHDN = Veg or EN = Ve (SHDN = OV for A
TTL/CMOS Output Leakage Current MAX222), OV € Vout £ Vec +0.05 +10 7
EN Input Threshold Low MAX242 14 08 \
EN Input Threshold High MAX242 2.0 1.4 v
Operating Supply Voltage 45 55 v
MAX220 05 2
No load MAX222/MAX232A/MAX233A/ 4 10
Ve Supply Current (SHDN = Vog), MAX242/MAX243 A
figures §, 6, 11, 19 MAX220 12
3kf2 ioad both
inputs MAX222/MAX232A/MAX233A/ 15
MAX242/MAX243
T = +25°C 0.1 10
MAX222/ Ta =0°Cto +70°C 2 50
Shutdown Supply Current
upply MAX242 Ta = -40°C to +85°C 2 50 WA
Ta =-55°C to +125°C 35 100
SHDN input Leakage Current MAX222/MAX242 £1 pA
SHON Threshold Low MAX222/MAX242 1.4 0.8 v
SHDN Threshold High MAX222/MAX242 20 1.4 v
CL=50pF to MAX222/MAX232A/MAX233/ 6 30
2500pF, RL = 3K | MAX242/MAX 243 12
- to 7kQ1, Ve = 5V,
Transition Slew Rate Th = +25°C, Vius
measured from MAX220 1.5 3 30.0
+3V 1o -3V or -3V
MAX222/MAX232AMAX233/ 13 35
tPHLT MAX242/MAX243 ) ‘
Transmitter Propagation Delay TLL. to MAX220 4 10 s
RS-232 (Normal Operation), Figure 1 MAXZ22/MAX232AMAX233/ H
tPLHT MAX242/MAX243 15 35
MaX220 5 10

Note 4: MAX243 R20yT is guaranteed to be low when R2y is = OV or is floating.
MAXIM 3
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MAX220-MAX249

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

ELECTRICAL CHARACTERISTICS—MAX220/222/232 AJ233A/242/243 (continued)
(Vcc = +5V 210%, C1-C4 = 0.1pF, MAX220, C1 = 0.047pF, C2-C4 = 0.33pF, Ta = TmiN to Tmax, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
MAX222/MAX232AMAX233/ 05 1
tPHLR MAX242/MAX243 '
Receiver Propagation Delay RS-232 to MAX220 0.6 3 s
TLL {(Normal Operation), Figure 2 MAX222MAX232AMAX233/ s
PLHA MAX242MAX243 08 1
MAX220 08 3
tPHLS MAX242 05 10
Receiver Propagation Delay RS-232 to
TLL (Shutdown), Figure 2 ps
tPHLS MAX242 25 10
Receiver-Output Enable Time, Figure 3 }teR MAX242 125 500 ns
Receiver-Output Disable Time, Figure 3 | tpr MAX242 160 500 ns
. TR MAX222MAX242, 0.1pyF
Transm:.tter-OL'ntput Enable Time (SHDN \eT caps (includes charge-pump 250 us
Goes High), Figure 4
start-up)
Transmitter-Output Disable Time (SHDN o MAX222/MAX242, 600 s
Goes Low), Figure 4 T 0.1uF caps
MAX222/MAX232AMAX233/ 200
Transmitter + to - Propagation Delay LT - tp MAX242/MAX243 s
Difference (Normal Operation) LT - PLHT
MAX220 2000
Receiver + to - Propagation Delay MAX2 233 100
ver 4 -
- MAX242MAX243 ]
Difference (Normal Operation) TPHLR - IPLHR M n
MAX220 225

Typical Operating Characteristics

MAX220/MAX222/MAX232A/MAX233A/MAX242/MAX243

AVALABLE QUTPUT CURRENT MAX222/MAX242
BUTPUT VOLTAGE vs. LDAD CURRENT vs. BATA RATE ON-TIME EXITING SHUTTOWN
10 W = 11 ~f T T +IV
g g OUTPUT LOAD GURRENT § - 1uF oAPS — 2 §
EITHER V+ 0 V- LOADED R FLOWS FROM v+ TOV- W/ N Lo
6 Fore : ‘:;S-J\ - 0.1uF CAPS
s 4 |vee-sv 0pF T 4 s . i
= - — -~ E 1 T = Y p sovmne
e NO LOAD ON ? ~d = SAON
= 2 | TRaNSMITTER OUTPUTS g 4 Voo 4525V g w
g | (EXCERT MAX220, MAXZI) £ =
= | i i =] | ALLCAPS >
S 2 | v-1L0A0ED. NO LOAD ONV: 5 7 |ohf e =
E : & u Vog =+ ATV | o ;
3 4 01F w—| 3 6 =t = e 1F CAPS
5 o A 1] \ ||
4 — 5 —N s 0.1pF CAPS
Vs LOADED, NO LOAD ON V- v
-10 4 -1
0 5 10 5 20 B 0 W 20 W 4 S0 6 S00us/d

LOAD CURRENT {maA) DATA RATE (kbits/sec)

4 MAXEM




+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX223/MAX230—-MAX241

R ol oSS U 0.3Vio +6V
V+ -.{Vcc - 0.3V)to +14v
Vo e vt eren e rn e ir e s ea e e ne s eeassas b ber et et e s et anebeeseaen +0.3Vto -14V
Input Voltages

TIN cceereeemerermeree e e e trenriarea e -0.3Vto (Vce + 0.3V)
Qutput Voltages

LT3 3 SO (V+ + 0.3V) to (V- - 0.3V)

ROUT e eevererinirrmeeneees it ae e -0.3Vto (Vce +0.3V)
Short-Circuit DUration, TOUT «cceerevceeee et e Continuous

Continucus Power Dissipation (Ta = +70°C}

14-Pin Plastic DIP (derate 10.00mW/°C above +70°C)....800mW
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)....842mW
20-Pin Plastic DIP (derate 11.11mW/°C above +70°C)....889mW
24-Pin Narrow Plastic DIP

(derate 13.33MW/°C above +70°C) .........1.07TW
24-Pin Plastic DIP (derate 9.09mW/°C above +70°C)......500mW
16-Pin Wide SO {derate 9.52mW/°C above +70°C)........762mW

20-Fin Wide SO (derate 10 00mW/°C abave +70°C)...... 800mW
24-Pin Wide SO (derate 11.76mW/°C above +70°C)......841mW
28-Pin Wide S0 (derate 12.50mW/*C above +70°C) ............ 1w
44-Pin Plastic FP {(derate 11.11mW/rC above +70°C) .....889mW
14-Pin CERDIP (derate 9.09mW/C above +70°C}.......... 727mwW
16-Pin CERDIP (derate 10.00mW/°C above +70°C)........ 800mwW
20-Pin CERDIP (derate 11.11mW/°C above +70°C)......... 889mw
24-Pin Narrow CERDIP

(derate 12.50mW/°C above +70°C) .............. 1w
24-Pin Sidebraze (derate 20.0mW/°C above +70°C).......... 1.6W
28-Pin SSOP (derate 9.52mW/PC above +70°C)............ 762mwW

Operating Temperature Ranges
MAXZ _ _ C o e 0°C to +70°C
MAX2 __E_ .l .....~40°C to +85°C
MAX2 _ _M__ ..-55°C to +125°C
Storage Temperature Range ........cccoccevcinane, -65°C to +160°C
Lead Temperature (soldering, 10s) (Note 4).................. +300°C

Note 4: Maximum reflow temperature for the MAX233/MAX235 is +225°C.

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to 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
absoiute maximum rating conditions for extanded periods rmay affect device reliability.

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241

{MAX223/230/232/234/236/237/238/240/241, Ve = +5V £10; MAX233/MAX235, Vo = 5V +5%, C1-C4 = 1.0pF; MAX231/MAX239,
Vee =5V 2£10%; V+ = 7.5V 10 13.2V; Ta = Tmin to Tmax; unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Output Voltage Swing All ransmitter outputs loaded with 3kQ to ground +5.0 +7.3 v
MAX232/233 5 10
Ve Power-Supply Current 'T": ’:jg-soc MAX223/230/234-238/240/241 7 15 mA
MAX231/239 0.4
MAX231 1.8 5
V+ P -Supply Curr mA
+ Power-Supply Current 5 T
MAX223 15 50
Shutdown Supply Current | Ta = +25°C A
vtdown Supply Cu A=* MAX230/235/236/240/241 1 10 .
Input Logic Threshold Low | Tuy; EN, SHDN (MAX233); EN, SHDN {MAX230/235-241) 08 v
Tin 2.0
Input Logic Threshold High | EN, SHDN (MAX223); 54 v
EN, SHDN (MAX230/235/236/240/241) )
Logic Puli-Up Current Tin= 0V 1.5 200 DA
Receiver input Voitage
Operating Range -30 +30 v

MAXIM
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MAX220-MAX249

+5V-Powered, Multichannel RS-232

Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX223/MAX230—-MAX241 (continued)

(MAX223/230/232/234/236/237/236/2401241, Voo = +5V £10; MAX233MAX235, Ve = 5V £5%, C1-C4 = 1.0pF; MAX231/MAX239,
Voo = 5V £10%; V+ = 7.5V 10 13.2V; Ta = T to Tmax; unless otherwise noted. )

PARAMETER CONDITIONS MIN TYP MAX | UNITS
’ Normal operation
SHDN = 5V (MAX223) 0.8 1.2
- o SHDN = 0V {MAX235/236/240/241
RS-232 Input Threshold Low Tas +25C. ( : v
cc=5 Shutdown (MAX223)
SHDN = 0V, 0.6 1.5
EN = 5V (R4iN, RSIN)
Normal operation
SHDN = 5V (MAX223) 1.7 2.4
= 1959, SHDN = 0V (MAX235/236/240/241
RS-232 Input Threshold High \T,A =+25°C, ¢ ) v
cc=5 Shutdown (MAX223)
SHDN = QV, 15 24
EN = 5V (R4iN, R5iN)
RS-232 Input Hysteresis Vce = 5V, no hysteresis in shutdown 0.2 0.5 10 v
RS$-232 input Resistance Ta=+25°C, Voo =5V 3 5 7 kf2
TIL/ICMOS Output Voltage Low lout = 1.6mA (MAX231/232/233, oyt = 3.2mA) 04 v
TTL/CMOS Output Voltage High lout = -1mA 35 Vcc-04 v
OV s Rour < Ve, EN = 0V (MAX223);
TTL/ICMOS Output Leakage Current BN = Voo (MAX235-241 ) 0.05 10 HA
MAX223 600
Receiver Output Enable Time Norma] ns
operation MAX235/236/239/240/241 400
MAX223 900
Receiver Output Disable Time Norma! ns
operation MAX235/236/239/240/241 250
RS-232 IN to Normal operation 0.5 10
Propagation Delay TTL/CMOS OUT,| SHDN = oV tPHLS 4 40 Hs
MAX223/MAX230MAX234-241, Ta = +25°C, Vgc = 5V,
AL = 3k to 7kQ, C = 50pF to 2500pF, measured from 3 5.1 30
» . +3V1io-3Vor -3Vto +3V
Transition Region Slew Rate Vius
MAX231MAX232MAX233, Ta = +25°C, Vg = 5V,
RL = 3k to 7k, C = 50pF to 2500pF, measured from 4 30
+3Vto -3V or -3V to +3V
Transmitter Output Resistance Voo = V4 = V- = OV, Vout = 12V 300 Q
Transmitter Output Short-Circuit
Current +10 mA

MAXIM



+5V-Powered, Multichannel RS-232

Drivers/Receivers
Typical Operating Characteristics
MAX223/MAX230-MAX241
TRANSMITTER OUTPUT YOLTAGE (Von)
TRANSMETTER QUTPHT vs. LOAB CAPACITARCE AT TRANSMITTER SLEW RATE
VOLTASE (Vou) va. Vee DIFFERENT DATA RATES vs. LBAD CAPACITANCE
85 T 74 120 T T
2 TRANSMITTERS H ]§ 1 TRANSTTER LODED Ty 25°C §
LOADED 2 2 o e 30
80 I < 70 - ) 100 N £1-CA - 1pF——
) ) 1 i
1 TRANSMITTER 2 9 — 2 TRANSMITTERS -
g wop 1 / S 68 ~1m«m’>< M NN, Lok
z 75 ' s - skttt <] /\ £ 80 \
= 7 wmes | S I J ——
66 Akbits/sec z k
/ LOADED , % 70 X
Taw 25 - 4250
70 /] s 64 —LA :2'55\;3 60 |3 TRANSMITTERS \\
i o LOADED |
/ TRANSMITTER g2 |3 TRANSMITIERS LOADED 4 TRANSMITTERS \
f s LOADS= R -0 | 50 gA0m | ~N
Kkl =
55 LOADED | 2500pF go LA 10 .
45 50 55 0 50 1000 1500 200 2500 0 S0 1000 150 2000 250
Vee W) LOAD CAPACITANCE (pF) LOAD CAPACITANCE (pF)
TRANSMITTER OUTPUT VOLTAGE (Vo)
TRANSMITTER OUTPUT vs. LOAD CAPACITANCE AT TRANSMITTER QUTPUT YOLTAGE (V+, V)
YOLTASE (Vo) vs. Vo BIFFERENT DATA RATES vs. LOAD CIRRENT
£0 " . 60 r 10 2
4 TRANS- Ta-+25°C wg Ta=+25°% § I <|§
MIFTERS ~ G1-CA=1pF | 62 Iyeoo v e
3 \< LOADED ™ TRANSMATER g4 |3 TRANSNITIERS L0ADED / § Ta= 250 Ly =
= g R =3kQ 7 Vee = +5Y
KT N b 2 25000 | £1-C4= 1uF /] ‘ GG
< \\\ \ 65 T / s 2 N V- LOADED.
N = 160kbissoc : Ve ANDV- | Lo Ve LoADED,
z 15 ~ = 68 F— Z 0 [EOUALLY Tonv ——INCIOAD |
iy w - §< > g plowm M ONV-
-80 § MTTER
4
Lc;mmm 4 3TRANS- \ 2 e /’>\ 6 4B 22 '
85 wrers ™ wmes 74 forele et s | -
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Figure 5. MAX220/MAXZ232/MAX232A Pin Configuration and Typical Operating Circuit
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