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Abstract

This project presents 3 dimension modelling system of object. The web-camera is
interfaced with a computer a USB port. It takes image of the object. The object put on a platform
is rotate 360 degree. C++Builder programming is used for processing all image and model 3
dimension of object. The program has 3 process which are acquisition, reconstruction and 3D
modeling. A rotating base use platform stepping motor that interfaces with computer through a

serial port and controlled by a microcontroller.
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fan projection
LM v}

J o A ) - o . r 1 o e L
71U 246 doyalusatudionnsamuAuuranuuRARDIzesNIEN I UMY

(Equally space collinear detectors)

4 - a [4 a’ﬂ g e
Taoh ¢, Avvouwauuunudmames aums 2.2) Tilduaumsnisadunmaavneds
d o o - - ar .‘,’ ' o 4 4 1
Aamesulia Tl nentu lasNosamaduuaauuvnu Aniuvau ldsisasulegsznin o
v o
fla 180 83 edalsfmunaaduamdavnenn Tusuasuiiunuuiaiuiuiiude 14y

v »
yiunnfesenin 0 81 360 sam Anfudisuauns 2.2) 1Rlmide

x in
f (x,y) = % I Ip,, (r) h(s cosd + ysin H)dtdﬂ (2.3)
0 -1,
gt (2.3) fifie (x,y) niega ¢ amsadoulfeglussuuioadai (r,¢) 140e
X =rcos¢
y=rsing (2.4)

J U o oor o .’a
aumsh (2.3) Goulieglussuufidsawadz 18y
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FIRY PSS

0

vinanuduRus lugumsn @.1) 114

1 22~y 4,/ D - . .

flr.¢)= > I Ipﬂﬂ, (Dsiny)- k(rcos(B + y — )— Dsin y)Dcos i (2.6)
y —in/D
1 ¥
s
yr ::_L_?"‘""- r |
{x,v)
’ \/a' <
[ ]

\ Ll

Ui 2.47 Seyalilsensudiofinsamauumuiaifssosiesen i3 iy
(Equally space collinear detectors)
nuft didf = DeospdudB ¥19-y 84 27—y  sxnseunquyums Tilsiendu 360
perruae B iuitedFuiidumuersunu1&&ao 0 8s 27 dau sin'(r, / D) uveuvaves

1 4 ==t U’ = 1
BunasiinsounquingAagilii 22 e SE dnfusrdiouveuun18lnidae y, uoz ~y,

awddy dmfunisefurefeddu  p,, (Dsiny) WAnsandunas $2 lunesunis

Tsendunuuvinu p(r) dniuTusiendunvudia ,(y) Fouaun1s 2.6) 1nil4de
@2.7)

$e)=2 T TR, O Yircos(5 +7 ~4)- Dsin)Deos g

Y “rm
winiiwed uisdvu & Aou1&du
rcos(8 +y ~¢)—Dsiny = rcos(f — @)cosy —(rsin(f —¢)+ D)siny (2.8)
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L fessezvinszniauvdsduiiauas s fefisa (x,y) wis (r,4) luszuundanss
nausge © Wy 247 31 L illuRedFuves 3 Faalsite r,¢, fuas 7 dhapvesduunsh
mufite (r,¢) BaBounamduwuiléde

Lcosy'= D+rsin(f —¢)

Lsiny'=rcos(f - ¢) (2.9)
L(r.¢,8) = J[D+rsin(8 - g)f +[rcos(8 - p)f (2.10)
ung
i~ tan-| 7 c0s(B-9) 2.11)
r=tan [D+ rsin(ﬂu;t)]

Wauns 2.9) unulu 2.8) 18
rcos(f +y ~¢)~ Dsiny = Lsin(y'-y) 2.12)
gazih lunulu @7 2218

709)= 1 T Ry WL sinty -3 DDos s

0 Y
o o J o
dwiuiedsu £ Dumenveansfamed @ Alr) dumsulasnduySeives jo| u

(2.13)

Tamuvonua
h(t): ﬂw‘e}b:dm (2.14)
MIIERUY
WLsiny)= ‘ﬂw|e*"2’i“’ do (2.15)
fmua @ Wiy
,_ @Lsiny (2.16)
Y
amnsowou @i
2 a0
MLsiny)= ole*™"dw
( 7) [Lsiny] _JJ 1

=[ 4 )zh(},) 2.17)

Lsiny
AU (2.13) Bou 1A
16.9)= [ [R(ely-rIDoosyap 1P

Tag



36

o)=L ) ) @

»
aAnluaunImsasnaav N sRamesudn lIseasumadunaauna las

sin ¥

= ] ' o al
Avsamusevihadunmaniiu @ourumsh .18) Tdidlu

1(r.9)= ].zl-z-Qﬁ(r')dﬂ (2.18)

=h.

Tav

Q,(r)=R,()* 2ly) (2.19)

R, (7)=R,(y)-D-cosy (2.20)

2. 3282 1e N uUa UM (Equally space collinear detectors)

] g s . - <

fuald R, (s) Wulusiondunnuia (fan-beam projection) Tasfiyunisluszning
duneaviraviigdu vinglii 248 I DD, Wuunudmamesiafoudariuganyunioys
e =o = L - Y o o e | ey
fudia e rsandunmaninuvasiuidauaslininiy SB Fwuga A vuunu DD,

1 [ g ol - T a - ]
wmﬁuanuqn Buu D, D, snjiin 3.3 uUAmMAADT auuA DD, Ao uduuas SA4 wuh
M s fazeziniy 04 nasdmuuansadideyalisienduivsamadunaaiiunuy

T 4 d 9 L A [} o :
vurnduums 54 Adefunasdiumian « fayu 0 wie p,() AahuiSouaunis
ANMUTURUTILHI B A1 ¢ SIMTun1IReIIsIMIARULTIUU VYUY (parallel-beam
projection) AtTuNIIN (2.21)

t=scosy 8=p8+y
sD 221
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lalﬂ
LA

A .4 ‘. = - o lﬂ'd ] ) o 1
317 2.48 Seya IssadudieRnssnmaAuuaunNaRliTsosHRITHTRIRITIIMNY

(Equally space collinear detectors)

1

117 2.49 GvingiaveanuALLALURATINS 15aN T EEEH N TE R TR LI
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Taunyy AOC mifufduyy OSC way D feszezyiissgninunastutiaumiiiga S
- T ) o ) @ [
fagaduiia O vnaun TiseadunuuninuidsuaumasehainmdaviumRaned

uiinTusendu14fe
2ty
flr.¢)= -;- [ [po@lr cos(6 - 6)- r)drde 222)

o £(r,¢) Aonmiladra18 sz uufidanssnay (Polar coordinates) Iimu

aruduNuraunts 2.21) luaums 2.22) 214
1 2r-tan(s, /D) 5, <D
fepy== | [pp,| —=

2 ~tan(s, /D) -5, ND? +5°
af s sD D? (2.23)
.h(rco{ﬂﬂan (-5)‘1?5)‘ r———-Dz s J(Dz +57) dsdp
Taui
3
did6 =—2__dsap (2.24)

(DZ +s2)3/2
A a 1 A a 1 o ' w
INUNTIIN (2.23) 5, Aemtnnfigaues s vesudaz Tusieatuuazoiniy £, ves
Tosondunuueu —tan(s, /D) ung 2z —tan™(s,, / D) iluyueglugae 0 1 360 sam

Asunnuduiusszn adoyaTlnendumniatunuuvum 18iy

sD (2.25)
Ry(s)= P,;H(WJ

unu R, (s) Thnsadunuudaluanms (3.23) dovaums iy
2x-tands, /D) 3,

feh=5 | R

—tn(s, /D) -5.

. A(s)\_ ) sD D? (2.26)
h[rco{ﬁ + tan (D) ¢J r-"—‘——*Dz g )(Dz +Sz)3/2 dsdf
mouvesiawed AdouInyldiiy
al § sD
reod g ()4 P

= rcos(f — @) --——2D-——~*~ ~(D+rsin(f - @) e (22D

vD? +5? VD? +5?
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2.3.2m'iahmmﬁ’nnwmumw (Coune-beam reconstruction)
o J =y g @ = =
msn‘?nmwmmnqmﬁu 3 unmmnmm%'nmwm'u'mIﬂuwmsmmemuumuuu

»
vuiaziuuRadumnsai 1dlasmsafranmdaunavesiaquuy 3 idfiasaladnied

aa ] 9 o o e o
ag 2 1A udneniinmAaunamazaladunsaufiudsgih 2.50

1

] ]
v !
-
IR}

R EE L R L Rt b

¥

A

P Lt B4

. P

.
r
[}
1Y
]
-

11 2,50 nsadunwdavaneniag 3 iin
luniserdranmdavnanfiinssomaduusuuunsae I¥nmsAnsaduReiuiy
madunmmuuRa foummaiuuasuuuiaiinuidssiuazuy (xy) veanmudaze las

IJ o 1 1 = 4
pAnyuagndAumumIi uauaadagy 2.51

), Rt}

Souree 1’:

Detection
plane

J = = - o
I'LITI 2.53 ﬂ'!i'ﬂ'B'l'iﬂl'ITINlﬂ‘IJllﬂﬂlml.lﬂ7‘]UINi'lJLLUUTlNlﬁ'NuﬁQI.lUUﬂﬁ
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2.3.311]1wni'u'uaﬁ’nq 3 ‘lqlﬁ(’l'hree-Dimension Projection)

Tsi9nsuvessag 3 iadsznoudas 2 dufie Ineeidiuavesmaduuaa(l,s,r)
uaz InseiAnveaing (x,y,2) fmmduRuTAuennIsnyuRagIli 3.8 (coordinate-rotation)
5 2 mamyufeseuuny z vesdduyuMIRIBHANTIAY 6 unsfiyatudanaasouuny ¢

[ P o o o o
duygumidy ¥ sudousumnuduius lufansuveasnin [3,14] fio

! 1 0 0 |f cosf sind Ofx
s{=|0 cosy siny|—sind cosé O}y (2.28)
r| |0 -siny cosyf O 0 1=z

b3

1t 254 anuduRusvesmInyuuesszuuTneeiAn

Tuseasunuuvuivesiag 3 i s liounishe
5
7 (2.29)
Py, t,r)= If(t, 5,7 )ds
-8,

vinaunisi (2.29) Tuseasuiiuensu 4 #ulsfe (,6) Dududsdmivizy
viauazfiemiavesssuuhifa (x, y) uag (r,y) dmivszuuiia (s,z) ualuszuumedn
UEILUUNTY (cone-beam system) WHAIRUTALARIZQNMYUAILYIINIAL £ LAZHATINYEY
weaiialiunudae R, (p',¢") Tnedi

p= D' Dy, c= ¢'Dg, (2.30)
Dy, + Dy Dy, + Dy
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A -~ ) ) . r- 1 @ -
1o D,, AOITUTUNTTNINYANIYU (Center of rotation) DIMAINUUAUNI UaE Dy,

1 t o o4 o o d a - o'l
f‘mszﬂzﬂNizﬂ11»1i}ﬂ'Hquﬁm1ﬂ's'.umﬁtlum‘llmuwummamuﬂﬂuizuumamuummﬁm

14fe

t=p Dyo 2.31)
VD +¢’
6=p+ tan”l[—D—p—:l (232)
SG
Dy, (2.33)

e

A A Q ' o A ] o
Taon ruae ¢ MnTNISYAUNUVBITTUNLLERUUURA(Tilted fan) NHIWIAG

2.3.4 FeldKamp 130 Homesuialusiensrunn 3 A (3D Filtered Bacdprojection)
msatamnndudiRamefudaTlseasuuu 3 53 fuidimssudofusuii
Ramesuiin Tswasuuuuyu AR RuTdUmMIATTeLIEe FIamnsoRe1TsNMAURULD
TithugiiaFan-beam) Wazay 2 1A wdninzwudanarmyuseuunu p Tavganyuegi
unnafuiaue
Susn s anaunnsad e mMnauLUYRA(Fan-beam reconstruction) Tuszuy
#na (r,¢) Ao
(2.34)

171 9 , D,
g(r.¢)= 3 (;‘-F _:[Rﬂ (p)(p "P)“J'B;—Sj:—;;dpdﬂ

__Dgreos(f-9) Y (2.35)
Dy, +rsin(f —¢) h(p)= J'Ia)]~ef"”dw
-w

U4, )= Dy, + stin(ﬂ ~¢) (2.36)

Fovaumsanuduiug (,¢) WMegluszvulneeiAuamanyu (¢,5) 14fe

t=xcosf+ ysinf s=ycosf—xsinf .37
X =rcos¢ y=rsing (2.38)
p'= Dy Ux,y,z)= Dy = (2.39)

Dy, —s Dy,



dy ~ - ) o N A = ' gj . N ) - o N
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» »
TavvussuvesHamesutin Tilsendunuy 3 ianaae 14l

1. T siendu Ry p, ¢ Jpudnofsidu Dso evm fis
VD5 +¢7 + p?
R@lp - R @LH) Dso (2.46)

,/D;o +g‘2 + p2

2. aoulgduTsendu R, (p,¢) fu —zl—h(p)'lﬁ'fh 0,(p,¢) fle

O0Lh-RELH L, 2.47)
2
3. uiin Tusiensudoaunnmeniminmusseenavsaduussdmsuszun InossAmauy
3R
2z 2
D (2.48)
IEB““SE—S)TQp-(P,G,ﬁ)dﬁ
g(x,y,z)= 0V750
EL)

(2.49)

__I-Zx Dy, Dyt Dy,
fx,y,2)= 5 Oj——-———(DSO e ,,[Rm;ﬂ)h(Dso " p]JDéo tcitp? dpdp

2.3.5 munjoasusvinain

manbaaSavindinuuusudy

TuaumeduneuRiaumesnafiniu venfesuiiudesiinisindeudronnluds
Fumialni so-vorenm vieimmyuamivegluuuesfinnzey deannsah 18Taold
Miut/audasvindia(Geometric transformation)

1~um'sﬁmm1msuﬂmﬁ’uwﬁﬂsm'lﬁ"iuﬂummﬂmqa'luﬂ?qﬁﬁmﬁﬁ wazifte
i lsiwtainszitoueglugvessming Tassmualigaidesnsulautiuge P iRda
S (x, y,2) 1an dledvsnstrodumisvesyn P Wisidalmife P Saiifda (x,y,2) A
18 TaomahAsavesga P luanfuunindmaacdeife T annsouramindves

»
mIudas1daail

P=pP+T=[x y z]+lr, T, 1] (2.50)



H A o @ o - o v [l 4’1
venvmililoiinavega P nguinamingnsulas 7 WdRAaImiAs 2 sy
t 4 a_4 J’ L = o - n';
MIANG MTHYH MITENBY nTeduq usgiuaminiineineiuamindgmanlaniuuay

»
anmadoulugvoauming18dail

a b c
P=P.T=lx y z]|d e f (2.51)
g h i

dmiunuulnaBasvndalunneufiuneiniiinlasi: ludaezlszneudaems
waanmeaeialszneudu wozidosnmunssnnaluglvesamindteaih onluns
Auramindidglusuuandredu Sa188nmmihszyuRtalelufiflen  (Homogencous
Coordinate System) ¥ 1§ oudgmii

huszvuiidalshdidion galuszuuawdd (x, y, z) segounudreszuvdimiude
(x, y, z, H) Tavagii Hiusunmeiifuhtmnadeeeimlivhdueud 4 (x, y, z, H)
szqnueiuenlad (Nommalize) Wi (x/H, y/ H, z/ H, 1) Tavialudad H sziifuidy 1

»
dariuge (x, y, z) laqeeiimlusznisalaluSillondiu (x, y, z, 1)

I/_\_______. -—K-—\
':A B Ci -101] HI
11
D E Fi .0
] i 1 1
IG H I'.\0!
| IR | 11
R B
o LW K L1
L

111 2.56 Awdsznevvesssuunina laTuSiive

P o ot 1 o 1
1ngU 2.56 wndnddes 1 dudwndmuainiiunsudasyla Wy asmu ms
ana myazhou dudu dawumindses 1 Wudivesmstrodumivudadu uazlu
v a ¢ ' A o oo d
dugahownindges I 1¥lumisuszninmundeuiefitauasmanlasioglugios

| 4
gt TasiineaziBeavenisulamuuanndail

1.mIdeuRfA (Translation)

@ g

- o " i A o o d
nmingmsulas (7,) lddmivnsudamdeimndounfaisnyusdail
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1 0 0 0
1
T, = 0 00 (2.52)
0 0 1 0
T, T, T, I

Taofie 7,7, uae T, uansssoznafidosnandoudodumisilhunouny X, ¥

uay Z muddu uashnavesyalussuuleludidion (x', ', 2", 4) it
y

(2.53)

[ » 2 h]=lx+T, y+T, z+T, 1] (2.54)

msdeuumindidunisdasiifivss Teminnlumeneufiuaeinsfin iifessin
'ﬁaunﬂmé’unﬁnﬁﬂmﬂ%zﬁﬁumﬁmﬂuﬁmmnwhtfu Saiududesnmserfonisudag
nwuiiedeufatinarvesdeyaduntultinegiyasuiia 0,0,0) doreu uaasluzli
256 Safe W hnsumlasvudenisadufuguidAgueinsafuinneneninnes
AN

LY
4

P A P ] 1 Y o o o
114 2.56 mufeugannaavenfSiasAunivindigaduiia
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2.n170100 (Scaling)
msmaadumsmlaaderfunlfounnavestagiidesns Samsndmanlas (S)
ol
S, 0 0 0
s=| 0 5 00 2.55)
0 0 S, 0
0 0 o0 1

{ = A’ o = o o Q
Taeh S,,S,uaz S, Wudilseininsamnadmivina X,Y uaz Z euddy uaz

Anavosgaluszuulelulidien (v, ', 2", h) 1

S, 0 0 0
0 S, 0 0
[“ y z h]=[x y z 1]- 0 d s 0 (2.56)
0 0 0 1
vite
[x' y z h]=lex S, =S, 1] (2.57)

M 5,8, unz S, willudimuainilumsdoniovenogl nanfie & S ffnnnd

1 szdtumsumenmuazd S fiadesnit 1 szdumsesvnanin

y
~
yi
A
D
G
/ v -
H G H!/ G.
A > x AY > x*
B‘
B £ /
F.
E
F 2

511 2.57 mImnadag
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3.mInyu ing (Rotation)

»
@ a ] Q A T
nrsvyuSagiunismyuiagseunusieqisemunnu #418un uny X,¥ nie Z Tay

nmsdreadanisuesludnuazusseenaingaduiiallamuuauny amindgnismlasveanis

¥ - = L J
wyusouLnuANg Tuismamutivuin Al

am3ndmisulasveansmyuseuuny X hlidham 6 fo

1 0 0 0
0 cosf sing O
R, = )
0 -sinf cosf@ 0
0 0 0 1
nmindgmanlasvesmanyusouunu Y Tiliha ¢ Ao
cosg 0 —sing O
0 1 0 0
Ry =| |
sing 0 cos¢g O
0 O 0 1
am3ngmudasveamsmyusenuny 2 Withnu ¢ fe
cosgp sing 0 O
—sing cosgp 0 O
R, =
0 0 10
0 0 01
y
r 3 y /
Auaiiy z UNUIBL x=-90°
4 y
wm:mu UiLFaL

] ¥
31U 2.58 msulasuuvyuseuununay

(2.58)

(2.59)

(2.60)
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4.013090M (Reflection)
o = o [ o O e A Vol 4
asazouiagiiunsazountavesiaglildmfanegdndunilsvosszuns
L4
tzviou XY, YZ #39 XZ aunsndvsimsastouliniae il

B NFUBINITAE NS UTEUI XY AiD

1 0 0 0
01 0 O
Rfyy = 2.61
Yo =g 0 —1 o (2.60)
0 0 0 1
velanuaniziing z lay 2'= -z
wNSnFYeINITaEROUALUTEUIL YZ fie
-1 0 00
0 1 00
Rfyz = 2.62
Y2=10 01 0 2.62)
0 0 0 1
sfisummiziing * Tag X'=-x
am3naveImsazAeusuIzuIL XZ fie
1 0 00
RS, = 0 -1 0 0 2.63)
Z7lo 0 1 0 .
0 ¢ 0 1

5 o s ': s
widsumniznta Y Tae Y=Y
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L]
&x’x
£

11 2.5 myazdoulagiivssuiu Xy

5.matiou (Shearing)

pdeouluSglawiddlumsulaidamuunusssaeunulag @uudiniu xuaz
o oo 1 - ar { ar
y) Tnsfunusdumvesfifamuiuaunuiey ) Wusaliamsaauuuaunueesaenny
P ds aw o Y oan a
uinndaou ' Tuvaizinmidaa i auauneuiuiisnady

smindyeamsidoulasduRusiuuny X

1 Sh, Sh, 0
G0 1 00 ,
x T 0 O l 0 ( -64)
0 0 0 1
wnsnayeamsifou Tasduwusiuunu Y
1 0 O 0
Sh 1 Sh 0
sh, =" $ (2.65)
0 0 1 0
0 0 0 1

w3 ndvoansfiou Tasdunusfuunu z
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1 0 00
0 1 00
Sh, = (2.66)
Sh, Sh, 1 0
0 0 01
1 A

7 2.60 nafou Tavduriudiud 2 die Sh,, = Ouaz Sh, =1
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2.3.6 mIadamaniiniasly OpenGL
4 = v o 5 @ :
OpenGL  (Huseivind launanlédadeduarianisuaana  Taolifidanugiu
sz 1200 daiansaldfimuanaidnuszuszaugumainuveelwanyumwia

OpenGL gnosniuuun Taghidadafuszuy aunseianBuunaqundades (Portability)

»
o o

A 3 y [} 4 A o or - onsy 14 9 N
mofezussqilmineil OpenGL vz liifiidandansduszuulfiAmsias dnviadalitifds

e, A

j [ ] 3 A =L o [
iNofudunmengl¥Bndao Aah OpenGL wion i IMdmivadwgliassanidiafeginsg

by

mundinetheineBud ga du uaggivaemasudedlFauesdenihpinsanariinndszaey
fuioliAgnssmudandudou
fMifaunzyfiavesdoynves OpenGL

ms1#a1uf1ds OpenGL 92804 include 108 header $0 glh #1989 OpenGL aziudu
A2 1oAY glClearColor() MAeferAUAUAIY GL 19y GL_COLOR_BUFFER_BIT dm3y
inafonde suffix veautafdansilszneudoRnuiazA8ANsITY glColor3f Fuay 3 Ui
yendainudulsdunmied RGB minilu giColordf sxmuneiia RGBA dau f wanuia
sunmezdeaiiudoyaviiamunniion vmdeeiudeyadunmiuandiediuldts 8 siia

M3M9L93 OpenGL vziSludnuae State Machine Aotiioda 1 Tlsunsuegluaaus
hﬂmuztfun:fNaq'naamun‘iwzﬁﬂmﬂ%uuuﬂm ethasumsdsiraFuily State Variable
dodamalnfmil %ﬁqﬁqﬂ'muﬁqmmfuﬂzﬁﬁﬁ"unanmum'mzﬁﬁwf«ﬂ?;uuﬁ
GLU: OpenGL Utility Library

GLU ilumsioryadidauna OpenGL fignlftissqunsandiuddalmidaiinis
fouTilsunsuazaIntusdiausunisi Mipmapping §1113U Texture Mapping, n1suijaslnoed
(MNUIUUOhogonal WAE Perspective, msmjwmzﬂmﬁunﬂ?a Polygon Tessellation, 113
uiapdgansafug nITUMI AN NIINTZUEN LaztHUI, uazms il TRaunzuia 18
1614 Non-UniformRational B-Spline (NURBS) f1ffawe4 GLU szduduaedi glu iue s
Bon¥ezdeq include Tdheader 30 gluh
GLUT: OpenGL Utility Toolkit

GLUT ®ouiulay Mark Kilgard Huindosiodv@adesznirauerndinduves
OpenGL fiuszuuUfiansuuy Windows n3eiSuniuilu APl (Application Programming
Interface) W1 1t n15e@ou T sunsu Tned OpenGL finTwdudoutiosas munzdmiunisian

s &4 o 1
Tsunsuvumdndavuianais Mdawes GLUT sstiududiodrih glut
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im3aMugIU (Geometric Primitives)

sUns g 14vea OpencL. 1RuA a9, 1, uazgthmdon Taogimsetamatigndmue
dumialasgdrduaniia o y, 9 niegddulelutidion & y, z w (avdndudr w = 0 i
Boni vertex #9191 vertex AR 2 vertex dmFuidu uazIPND 2 vertex dmiupl
Aoy OpenGL W mundnuaizvesgmaouiimiz oy laolédetsuamdede vouve
Acuszdes ludntues gunsavesglimdsussdoshiundadndl uazeshechifiznoly
pilmdoy (93U 1 Usznew) us lifidodmuad mivdnuuoaglindon Fetlafumanrim
MWnisurasrodinnusiads wazmnlfjmdouihimzmuionhidnasumeinm
Aananald e Tafmugumdoni iimngamunsouniaiuglvdoudes 18 Taedldnse
1¥lavd GLU udﬁaﬁf‘iﬁ'i’qﬁ'l-n’iqsaugﬂmﬁ'uuﬁ%'u%'auﬁau (Tessellation)

Fomsszadmiumssuneijinaovitedie verex vosgUmonlilénseguy
SUNNARGITY msnquuazmnﬂﬁauquuawnﬁﬂﬁzﬂméuu13"'uﬂmmﬂu;ﬂm%‘uuﬁ‘lu’
mngeu1&&0019lugii 2 ilogu@mAoudl vertex il 1 Aoguusziu@erdulasnanden
fudndlen edamsmpuesiifdmdonfudisouas i timneaufoduiily Sasei i
msaedAananilygmilannrendndusldmnlfiame plmumasnmnzyademus

MR0g lussuReriuuiveu

IO XEQ

d 4 d .
U7 2.61 pumdeuimnzauna Limnzen

Wi 2.62 mderA Wi sunudomnpudnapuesssi iifad

‘ =y L3 T ] H 1
BulRsuazfiuia IRadm3y openGL udr lifledudugnsatugu udeunse

Urzina 18 laeldidunimdeftuiesqumlsznoudy &a31I 2.63 une 2.64



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

luansalla vy Bnnsnuiludnuadilon uaznedendideaivesonalsynaseniinisuiliuly
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ueravnezueuiudiufuas uadegluumdidvaiussnawdudd aumsdnuumves
OpenGL YudhuusmstssinamsudWmadninalunadaidy

unasnutauaaly OpenGL mniafivualvunldsinvatoniams Tavaunis
Amualinnniimmsimivenldnios iuuasiisstoulurseuquin Fedruruide
idlanaoalutes ussdangjezninnaea iy Taoass uduasureduszaz oyl
wlumiatesmmuseuneufissiamst umaitaeton T ludesiiGond Ambient Light 4
gﬂmmﬁ'h'l:jmmnmdqﬁuﬁnﬁuﬁuouuoiﬁzmu'lﬂtﬁamﬂnunaa'lﬂtfu

Tuinaveaumasiuilauealu OpenGL szgnuiiaiiu 4 wunngfio Emitted, Ambient,
Diffuse 10 Specular Light TaoTuianiia 4 ﬁ-ﬂzqnﬁmuﬂmﬁdizﬂauﬁ RGB #uana1fy uas
gndnsenduudninnsuiumonda

Emitted Light — lﬂuumﬁﬁwﬂﬂmmnﬁ"ﬁ'ﬂqma

Ambient Light — fuussiinszdanszaiwsinmsasdousuhidundsinn mldy
miloufnninyniiemia lﬁnumuum'fnnmznui’nqwazﬁauwinﬁu'lunnﬁﬂma T39I
nnaa‘lﬂuﬁn'lnn"luﬁawzﬁmﬁﬂiznoui‘i’agjmmﬂawmqﬂﬁzﬁauﬂnwﬂ'?i."afiauﬁﬁzmﬁm1
ﬂ"mummnﬁﬂa'n'lm'filzﬁaaﬁﬂsznauﬁ’ﬁaummﬂmmnuawzviq'lﬂ'luﬁﬁmmﬁm

Diffuse Light - ifuuasinnnumasiia lavaswdidloannssnufagezazion
pen Tihduynyiems

Specular Light — M9 nundsiiaiinzsusuiuudesazfonllufimmafinzes fie
yurzRouriduAnAsZNY weeInEes irnnsznunszaniitiguamez Idns et
Specular ifley 100 wefiFud TagidunusummiadnesdnarmuiRves Specular snnah
Saqinensuyedn

Jaqii Tuiannsazfounaa e Ambient, Diffuse, a2 Specular Reflectance fign
AmuaftPiuane19iu Ambient Reflectance ¥09Tagaz 1¥dmivdnrnfvesTagiuaaseenin
xﬁaanmbimt Light ANNTENY I$UIARVINY Diffuse Uag Specular Reflectance éaﬁmwrjﬁ'v
Diffuse 110¢Specular Light awéddy Taoinaudrdivesngiigndmualag Ambient uas
Diffuse Reflectance 9ziniieuniondundafiu @7y Specular Reflectance szimumiiuivig
wiom FahlaiaetouduBvewmdetuiiauas esrusugnueniuniunadegnaie
ﬁ"mumﬁﬂnv{uﬁtﬁu1mu'az|fluﬁuama'wzﬁd'mm‘fqﬁﬂqunnniznmﬁﬁuquﬁzﬁawfan:
dudyn

mitmualinaddmivurassdmuadunieddudvesnnudugigavesudazd

v [ [] ]
#191 RGBiTu 1.0 Wanuase TRuasdva duilu 0.5 avua s 18 v 1afin nududiasnianile
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uad R=G=1.0,8-0.0 sziflunaadinios fhumsﬁmuﬂﬂ?mtuﬁﬁﬂzﬁaunanmmn‘?ﬂqqz
smuadiudaduvesiitazieusenin edrwudh R=1.0, G=0.5, B-0.0 Tagezaztouuasd
UnaRaMn ﬁzﬁ'auumﬁs%mtﬁuaﬂ?wﬁwmumﬁﬁimﬁﬂnmznmngﬂnﬁuumﬁﬁ,ﬁu
Fomue muvdhuaadismuduiuer, L, LB) uaziaglmmaastouusaily (MR, MG,
MB) umﬁmﬁmwzl{lu (LR*MR, LG*MG,LB*MB) winfinrasnasamaudiganilu k1,
G1, B1) ung (R2, G2, B2) ueaiawsziilu (R1+R2,G1+G2, B1+B2) ninf1nsandiinninnd

4 ta >
1.0 drhaduniisenmezudan 18 anfuszgnilanaiiv 1.0
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unn 3

2395 numazmssenuuuilsunsu

3.1 298Il
- ' a o
21 $dedoyaninneuiiames s ATssCS1
3.1.1 o MAX232 (1192 140@ MAX232 dudfudeyaninnouiunesudad Tuds

TuTnsnouInsainod Taoled MAX232 finnmud lumsdadeyaminiui2o Aladin de 1 5

(kbps)
ml ..":'
1__‘ Ci+ -+ 3 Cz-oj)___"
> >
i c —=
'37“"“" T20UT T2IN --»5‘-0
: mmw R20UT |—2
3— TIouT . TN 1
IR . SRIOUT |t

d

11 3.1 uaAaviveslod MAX232

A15197 3.1 AT NUARINTNIANTNIITUYDIV A YB3 MAX232

Ty ¥o TwnzIDuA
1,3 C1+,Cl- Terminals for positive charge-pump capacitor
2 V+ +2VCC voltage generated by the charge pump
4,5 C2+,C2- Terminals for negative charge-pump capacitor
6 V- -2VCC voltage generated by the charge pump
7,14 T20UT RS-232 Driver Outputs
8,13 TI1OUT RS-232 Receiver Inputs
9,12 R20UT,R10UT RS-232 Receiver Outputs
10,11 T2IN,T1IN RS-232 Driver Inputs
15 GND Ground
16 VCC +4.5V to +5.5V Supply - Voltage Input
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& -
3.1.2 lulnsneuinsaned 5192 1913l ATBoCS 1 Fatinesanldu 2 wofnfonesa 1

o P o o’: = d o o o oL 2 1 q'
unz wesn 3 Tauiinesa 3 usziiluduwmieniymneda (WO Port) udbaliguaininmemudsil

P1.0 Vee ——-—;—g
Pl1.1 (ADOQ) P0O.O s
P1.2 (AD1) P0.1
P1.3 (AD2) P0.2
P14 (AD3) P0.3
PL.5 (AD4) P04
P16 (ADS) P0.5
P1.7 (AD6) P0.6
RST (AD7T) P0O.7

PIO(RXD) (Vpp)EA
P3.1 (IXD) (PROG) ALE
P3.2 (INTO) PSEN

b gt g

lNlNlNINlN|N|NININlqulwlwlwlulwIw
=T RTATON T 00O O e TN W TATOY

} P33 (INT1) (A15)P2.7
. P34(T0)  (Al4)P26
. PIS(TL)  (AI3)P2.S
. P16 (WR)  (AL2)P24
X PIT(RD)  (Al1)P2.3
XTAL2 (A10) P2.2
XTALL (A9) P2.1
GND (A8) P2.0
ATEOCS1

51 3.2 uraanlo® ATRICS1

A15199) 3.2 AT NUTAINUAITANIAVYOINDTA 3 YOI ATRICS]

Port Pin Alternate Function
P3.0 RXD (serial input port)
P3.1 TXD (Serial output port)
P3.2 INTO (external interrupt 0)
P33 INT1 (external interrupt 1)
P3.4 TO(timer 0 external input)
P3.5 TH{timer 1 external input)
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b
ded P10 Ver e
' i~ i &
o LS N P e e CAD» PO O -—-:-2
- — F4 LAD PO T
R w— P} 3 VAD N PO D e
r"\fv“_ t—— Pia cAlyis Pt} ——3;
. 13 — Y CADI PO s
: rem il VA PO & [
— (ADH PO S [
4 [ ]
: —1- RS (ADDPE T -—-ff
= P30 (RADN (g EA -
PITOXD!  (PROGIALE femr
\ ¢ luf R -
e T R ] xS
t2 i $13ONTH APt -—--—,2
N Sl $3 41701 CALIPI Y pute
¥ * :
— prtgn Abrpas et
[ WR (ALY L p—
L i Pie (At P2 A
4 el 5 ALY P—=
e . sran éALepa 2 it
a XTALL AR —-"I
A 1 = 5D (AIYPID
: - "—_lul'_" ATSC 1
I i CRYSTAl

P y - o -
71 3.3 2 igdefoynnnneuiumes s u Tnsneu Insaiaed
9ngi 3.3 Tod Max232 sxidludrfudeyarumanedaeynsudnimiav T20UT

oz R2N unzadoyaludaluInsneuinsamed ATS9CS1 11a T2IN uag R20UT

3.1.3 Nevumdfiemnes
o af - 03 P o
29959uvowes lu Inssui 9wt insusmnes Taold BD139 Himhnlumisdu

o ]
uomosuAazineg
?+12v
argperall
R470 x4 o Pl
81 ) BD139|x4 . b2
o—y
o —@) -~ P3
83 O—f <L) |
8 O—{ 3 f@f
-

3

P o
91 3.4 Nl lunfumdilvomed
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3.2 meenivulsunu
»

TudnvesTdsunsiniy ezanmnsoutieentdithy daulug Ao Tsunsulums
auguanuYeered Tilsunsunlugumsiievendes uazlusunsuludiuves
msdszuanm

d
3.2.1 hlaunnilunanruguninuvesnenes
o o 4o ! ¢
dmiuTisunsunlFlumsmugqumsvyuussusimeinussAuguAIUNB TABYNTY
a | & o v
Tnel¥llsunsy c++ famed Tasmsrdeanishiuomesiiuinnld 2 Srvas e
- H -] A ¥

Lyuludmsazdvaddudmgamuunasimiidmuane ndessunmity

NN

o 1 & ‘ o o
2 nyuludnuuzaeiisisunsy 1 somieWndesdummilunmiale

v
-

FuAu

FUAI18INSerial

¢

o
UMD YU

b
‘ LD '
ok o

11 3.5 ununmmsThuvewemesAsumwinmesaeynsy
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3.2.2 lsupsumnlizaananin

22 sunsy C+Builder Wudnlzzytana maldmniumusouisesn @iy 3
Funowldud
LM M(Acquisition)

dumsimiudoyaiioduiideinsezililszurana Tasmauanamanividosdu
Y 919 Tsunsy C++Builder 1a814 component VideoOCX Safhumenunffilddmivms
uaawanmlasans  Tassdesnis Tlsunsufannsougasnmiiiuannndedldiiu 14
Faou annsofsziunmiudunmiie g ud nhnmiAsu 18 ntufndu i Folder #
fimua 1uﬂm:nﬁmﬁuﬁ1uffazﬁ'aamm]umsﬂmu'uamamas'uaznﬁm'lﬂ‘lunmnﬁmﬁu
wonindsssiufinnmluvas fuomemypuiiyuiien MlF Kl agiyuseg Tusunsuly

»
drunsifunmilufen Taezunsuuaaimsiaudad

a9

fAmusyuninyusesing

UBIABI M

I

d
ndeufiunm

131 360 BIM

a
TUNA

] d
51 3.6 vdenlaezunsunaainstnmveaTlsunsudumsiunm
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2.m3a5190 MARYII(Reconstruction)
P @ ¥ q’: & -1 [ o -
dunszuumsihinuizsiudeyannludursunsmivfendsnmfunmidesns
silszwranaSouioouds vudhg Tusunsuludiumsadunmaauang ifensdssuoawa

] [ » | v
panu daf IR mvuasuiife nmarvRmanimi adavudiaes 3 1818

Fudeynidn

(JPEG,Raw Data)

|

A9 Parmeter

y

adanmdauang

|

tiuindeyanmdauing

Y

2
fuge

11 3.7 viealaezunsuuaasimshauves Tsunsudumaadunmaavag
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dunssuunsgatolasiudeyadiunmiaynvesiag udninnahaily

wuudiass 3 1A

AHuARI

Parameter

Y

y

Fudeyanmdauin

3

adrauuuiiass

L 3

XD

=
Pl

»

71 3.8 Taezupsunaasmsmanuves Isunsudumsadauuudines 3 i4



63

uni 4

mIinaasd

4.1 MINABBITIMYEIM IRURUmFuBInGd
ninnInaansnInguandluemes wud luInsneuInsamesannsefudoyariy
4 ) o o 4 o ]
ManeiABYnTNINABYRIADT 1A LazawIntefunIINuYBuBiAes luuuvmdy 146
DIANANY

P s o -
AT NN 4.1 wmuwmuammun:mmumwn'lﬁ’

3w PIUIUNN yu $UMUAM
0.9 401 36.0 11
1.8 201 45.0 9
3.6 101 72.0 6
4.5 81 90.0 5
9.0 41 180.0 3
18.0 21 360.0 2

o v a9 = a
AN 4.2 llﬁﬂ\lﬂ]ﬂﬂ\ﬂ]ﬂ“ﬂ’]"uﬂllﬂzqu‘“iaﬂsﬂ

A mus 18834 ArifMuA i 18e3
0.9 1.0 36.0 36.5
1.8 1.8 45.0 45.0
3.6 3.5 72.0 71.5
4.5 4.5 90.0 90.5
9.0 9.0 180.0 180.0
18.0 18.5 360.0 359.5
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‘sompatible with MCS-51™ Products

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

Fully Static Operation: 0 Hz to 24 MHz

Throe-leval Program Memory Lock — [
128 x 8-bit intemal RAM

32 Programmabile VO Lines
Two 16-bit Fimer/Counters

Six Interrupt Sources .
Programmabie Serial Channel 8-bit

Low-power ldle and Power-down Modes .
Microcontroller
escription with 4K Bytes

1e ATBYC51 is a low-power, high-performance CMOS B-bit microcomputer with 4K

#tes of Flash programmable and erasable read only memory (PEROM). The device | Flash
imanufactured using Atmel's high-density nonvolatile memory technology and is
ympatible with the industry-standard MCS-51 instruction set and pinout. The on-chip
ash allows the program memory to be reprogrammed in-system or by a conven-

ynal nonvolatile memory programmer. By combining a versatile 8-bit CPU with Fiash | ATS89C51
1 a monolithic chip, the Atmel AT89CS51 is a powerful microcomputer which provides

highly-flexible and cost-effective solution to many embedded control applications.

Not Recommended

in Configurations PO for New Desl
prod whivee r Nnew Designs.
P2 %1 P00 (ADO)
pads  sshrotpoy Use AT89S51.
PLas P02 (A2)
PlACs 3611P0.3 (AD3)
P08 36 1P0.4 (AD4)
Pieclr uhrosaos)
PIgs 331 P0.6 (ADB}
RSTC]® 221 P07 (ADT)
PQFPTQFP R0} PA0 ] 10 1 EAver
- (TXD}P3.1 []14 301 ALEFROG
8. F:§8 forads  mpraras
a made
eg 4988 it i i
TR g=n® 1)Pasts 2P (A1)
Tiii908ERE koot b ot
0000000000770 &) PaTCl1r 40P
IFVYSTIRRGRES xTAL2C} 18 2IPL2 (A10)
pisd 33[1P0.4 (ADH) owodm  nheoos
P18]2 32 [1PO.5 (ADS)
P1.70]3 31 13P0.6 (ADS)
rsTO4 30 fPo7 (AD7) PLCC
RMD)PI0L]s 28 DEANPP
NC36 28 INC
mmorFaIgTY 27 N ALEPROG
J(NTB) PA2 [0 26[1PBEN
{RT ) MAase 251 P2.7 (At5)
- royP3ar]+ 24[1P28 (A14)
1 2

= o

[1P2.5 (A13) [3PO.4 (AD4)

[1 PO.S {ADS)
[0 PO.8 {ADS)
[3 PO.7 (ADT)

NP2 (A18)
[1P2.6 (A14)
F P26 (A13}

Rev. 0265G-02/00




{ock Diagram

ADORESS
REGISTER
BUFFER
PC
INCREMENTER
COUNTER
DPTR

SR . - ik
AIM,IVm ~ i M& mlrmi.v
> 5 Be i
> % . .
> 2 Ll
‘Im.I' " Om‘.w c z .. m

chen] 1N i 3

g+ o . " % o

pird. g S Ny | 1]
<« 3 N m”

m 0 W z ) m
m < 2 4]
34 I i , [
“ 2 32 o |
w - - -

P30 - P3.7

P10 - P17
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© AT89CS51 provides the following standard features: 4K
tes of Flash, 128 bytes of RAM, 32 /O lines, two 16-bit
1ericounters, a five vector two-level interrupt architecture,
‘ull duplex serial port, on-chip oscillator and clock cir-
itry. In addition, the AT89C51 is designed with static logic
= operation down to zero frequency and supports two
ftware selectable power saving modes. The Idle Mode
2ps the CPU while allowing the RAM, timer/counters,
rial port and interrupt system to continue functioning. The
»wer-down Mode saves the RAM contents but freezes
? oscillator disabling all other chip functions until the next
irdware reset.

in Description

-C
Jpply voltage.

ND
round.

ot 0

ort 0 is an 8-bit open-drain bi-directional HO port. As an
Utput port, each pin can sink eight TTL inputs. When 1s
7@ written to port O pins, the pins can be used as high-
ipedance inputs.

prt O may also be configured to be the multiplexed low-
rder address/data bus during accesses to external pro-
ram and data memory. In this mode PO has internal
Jups.

ort 0 also receives the code bytes during Flash program-
1ing, and outputs the code bytes during program
prification. External pullups are required during program
srification.

ort1

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

*ort 1 also receives the low-order address bytes during
‘lash programming and verification.

‘ort 2

*art 2 is an 8-hit bi-directional /O part with intamal pullups.
"he Port 2 output buffers can sink/source four TTL inputs.
¥hen 1s are written to Port 2 pins they are pulied high by
he intemal pullups and can be used as inputs. As inputs,

Port 2 pins that are externally being pulled low will source
current (1, ) because of the internal puliups.

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 intemnal pullups

when emitting 1s. During accesses to external data mem-
ory that use 8-bit addresses (MOVX @ RI), Port 2 emits the

contents of the P2 Special Function Register.
Port 2 also receives the high-order addrass bits and some
control signals during Flash programming and verification.

Port3

Port 3 is an 8-bit bi-directional I/0 port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins they are pulied high by
the internal 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 also serves the functions of various special features
of the ATBICS1 as listed below:

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P32 INTO (external interrupt 0)

P33 INTT (external interrupt 1)

P34 TO (timer 0 external input)

P35 T1 (timer 1 external input)

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

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

RST
Reset input. A high on this pin for two machine cycles while
the oscillator is running resats the device.

ALE/PROG

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

in normat operation ALE is emitted at a constant rate of 1/6
the oscillator fraquency, and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE



Ise is skipped during each access to external Data
ymory.

lesired, ALE operation can be disabled by setting bit 0 of
iR location 8EH. With the bit set, ALE is active only dur-
7 a MOVX or MOVC instruction. Otherwise, the pin is
sakly pulled high. Setting the ALE-disable bit has no
Bct if the microcontroller is in extemnal execution mode.

{EN

ogram Store Enable is the read strobe to external pro-
am memory.

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

MVPP

tternal Access Enable. EA must be strapped to GND in
der to enable the device to fetch code from extemnal pro-
am memory locations starting at 0000H up to FFFFH.
pte, however, that if lock bit 1 is programmed, EA will be
temally latched on reset.

K should be strapped to V¢ for internal program
recutions.

nis pin aiso receives the 12-volt programming enable volt-
e (Vpp) during Flash programming, for parts that require
2-voit Vpp

TAL1
iput to the inverting oscillator amplifier and input to the
#ernal clock operating circuit.

TAL2
wtput from the inverting oscillator amplifier.

)scillator Characteristics

TAL1 and XTAL2 are the input and output, respectively,
f an inverting amplifier which can be configured for use as
n on-chip oscillator, as shown in Figure 1. Either a quartz
rystal or ceramic resonator may be used. To drive the
evice from an external 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 internal 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 puts 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 ba noted that whan idle is terminated by a hard
ware reset, the device nommally resumes program execu-
tion, from where it left off, up to two machine cycles before
the intemal resst algorithm takes control. On-chip hardware
inhibits access to intemal 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 idle is terminated by
reset, the instruction following the one that invokes idle
should not be one that writes to a port pin or to extemnal

memory.
Figure 1. Osgcillator Connections

c2
—-«)|——I1 XTAL2
L
[ ct (
*—) XTALA
Q GND
-

Note: C1,C2 =30pF 110 pF for Crystals

= 40 pF £ 10 pF for Ceramic Resonators

Status of External Pins During idle and Power-down Modes

iMode Program Memory ALE | PSEN PORTO PORT1 PORT2 PORT3
Idie Internal 1 1 Data Data Data Data
‘idle External 1 1 Float Data Address Data
Power-down Internal 0 0 Data Data Data Data
- Power-down External 0 0 Float Data Data Data

' AT89C51 meessssss—e————————————————
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jure 2, External Clock Drive Configuration

NC

EXTERNAL

OSCILLATOR

SIGNAL

-

ower-down Mode

‘the pawer-down mode, the oscillator is stopped, and the
struction that invokes power-down is the last instruction
recuted. The on-chip RAM and Special Function Regis-

XTAL2

XTAL1

GND

ters retain their values until the power-down mode is
terminated. The only exit from power-down is a hardware
raset. 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 lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. if the device is pow-
erad 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.

ock Bit Protection Modes
Program Lock Bits
LBt LB2 LB3 Protection Type
1 u U U No program lock features
2 P ) ) MOVC instructions executed from external program memory are disabled from
fetching code bytes from internal memory, EA is sampled and latched on reset,
and further programming of the Flash is disabled
P P U Same as mode 2, also verify is disabled
P P P Same as mode 3, also external execution is disabled




rogramming the Flash

@ AT89C51 is normally shipped with the on-chip Flash
pmory array in the erased state (that is, contents = FFH)
«d ready to be programmed. The programming interface
«capts either a high-voltage (12-volt) or a low-voitage
cc) program enable signal. The low-voltage program-
‘ng mode provides a convenient way to program the
789C51 inside the user's system, while the high-voltage
ogramming mode is compatible with conventional third-
irty Fiash or EPROM programmers.

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

_ Vep ® 1V Vpp= 8V
{op-side Mark ATBACS1 ATBAC51
3000 200-5
yyww yyww
Signature (030H) = 1EH (030H) = 1EH
(031H)=51H (031H) = 51H
(032H4) =F FH (03214) = 05H

ne AT89C51 code memory array is programmed byte-by-
yte in either programming mode. To program any non-
lank byte in the on-chip Flash Memory, the entire memory
wst be erased using the Chip Erase Mode.
rogramming Algorithm: Before programming the
TB9CH1, the address, data and control signals should be
5t up according to the Flash programming mode table and
igure 3 and Figure 4. To program the AT88CG1, take the
Alowing steps.
. Input the desired memory location on the address
lines.
. Input the appropriate data byte on the data iines.
. Activate the correct combination of control signals.
. Raise EA/Vp, to 12V for the high-voltage program-
ming mode.
Pulse ALE/PROG once to program a byte in the
Flash amay or the lock bits. The byte-write cycle is
seif-timed and typically takes no more than 1.5 ms.
Repeat steps 1 through 5, changing the address

and data for the entire array 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 writien will result in the com-
plement of the written datum on PO.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 aiso
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 pulled high again when programming is
done to indicate READY.

Program Verify: if iock bits LB1 and LB2 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 signails and by
holding ALE/PROG low for 10 ms. The code array is written
with all “1”s. The chip arase 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 t 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
completion.

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

AT89C51 mesesssessssssss————
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ash Programming Modes

tode RST PSEN ALE/PROG EANg, | P28 | P27 | P38 | P37
Jrite Code Data H L H/M2V L H H H
—~
i{ead Code Data H L H L L H H
Vrite Lock Bit - 1 H L HM2v H H H H
—~
Bit-2 H L HM2V H H L L
—~__
Bit- 3 H L H/M12V H L H L
~_
>hip Erase H L (1) HM12v H L L L
~_
Read Signature Byte H L H H L L L L
#e. 1. Chip Erase requires a 10 ms PROG pulse.
gure 3, Programming the Flash Figure 4. Verifying the Flash
+5V +5V
AT89CS51 AT89C51
apprR. A0 - ATl b Vec J appR. 20 - ATl o, Ve
OOQOH/IOFFFH PGM OOOOH/OFFFH PGM DATA
P20 - P23 PO [M—— para P20 - P23 PO [ (USE 10K
AB - ANl A8 - A1 PULLUPS)
——» P26 —» P26
SEE FLASH —— ] P27 ALE i¢—— PROG SEE FLASH —af P27 ALE
PROGRAMMING PROGRAMMING
"MODES TABLE | ——»| P36 MODES TABLE | — % P36 b
——| P37 —» P37 "
T XTAL2 EA [¢— VN ‘I— XTAL2 EA
3-24 MHz | 324 MHz |
1 (I
XTALA RST j[&— V,, XTAL1 RST |&— Vi
GND PSEN r‘_l_ GND PSEN 1
L 7




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

P10 - P17 PROGRAMMING VERIFICATION
P20 - P23 9 ADDRESS ijf ADDRESS
+— tAVQV
PORT 0 " DATA IN ) (pATA OUT D>
tver  tanox
taveL torax
ALE/PROG A
e et i
- A Ve
EANge T T'waico L
‘—
P2.7 e terav .- * tenaz
{ENABLE)
tore, —
P34
(RDY/BSY) BUSY READY
twe

llash Programming and Verification Waveforms - Low-voltage Mode (Vpp = 5V)

P10 - P1.7 PROGRAMMING VERIFICATION
- - - (7
+— twvav
PORT 0 DATA IN Y DATA OUT p——
" tve.  lenox
tavaL torax
ALE/PROG A
tse ot oH ]
L LOGIC 1
EANge iy L] woeicoy |
‘_
P27 fenon teav — e
{ENABLE)
toHeL —*
P34
(RDY/BSY) BUSY READY
twe

AT89C51 messssessssssss————————
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ash Programming and Verification Characteristics
= 0°C to 70°C, Ve = 5.0£10%

'ymbol Parameter Min Max Units

" Programming Enable Voltage 115 12.5 Vv
m Programming Enable Current 1.0 mA

feocL Oscillator Frequency 3 24 MHz

woL Address Setup to PROG Low 48t oy

SHAX Address Hoid after PROG 48t o

oL Data Setup to PROG Low 48t o

HOX Data Hold after PROG 48t o

o P2.7 (ENABLE) High to Vpp 48te oy

SHGL Vpp Setup to PROG Low 10 us

ang” Ve Hold after PROG 10 us

BLGH PROG Width 1 110 ps

oV Address to Data Valid 48to o

ELav ENABLE Low to Data Valid 48t o

EHaZ Data Float after ENABLE 0 4Bto o

GHBL PROG High to BUSY Low 1.0 us

we Byte Write Cycle Time 2.0 ms

ate: 1. Only used in 12-voit programming mode.



AREL

bsolute Maximum Ratir_lgs*
Iperating Temperature 55°C to +125°C *NOTICE: Stresses beyond those listed under "Absolute
Maximum Ratings™ may cause permanent dam-
torage 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
loltage on Any Pin other conditions beyond those indicated in the
rith Respect to Ground -1.0V to +7.0V operational sections of this specification is not
. implied. Exposure to absolute maximum rating
faximum Operating Voltage 6.8v conditions for extended periods may affect device
refiability.
3C Output Current......... 15.0mA
€ Characteristics
. =-40°C to 85°C, V¢ = 5.0V £20% (uniess otherwise noted)
jymbol Parameter Condition Min Max Unitx
T input Low-voltage (Except EA) 05 0.2 Vge- 0.1 v
a4 Input Low-woltage (EA) 0.5 0.2 V- 0.3 v
I Input High-voltage (Except XTAL1, RST) 0.2V +08 Vec+ 0.5 v
[ Input High-woltage (XTAL%, RST) 0.7 Ve Vec+ 0.5 v
oL Output Low-voitage" (Ports 1,2,3) lo, = 1.6 mA 0.45 v
Output Low-voltage'"? _
You1 (Port 0, ALE, PSEN) lo,=32mA 0.45 v
low =-80 pA, Voo = 5V £ 10% 24 v
) Output High-voltage _
Yom (Poris 1.2.3, ALE. PSER) loy = -25 pA 0.75 Ve v
low = -800 PA, Ve =5V £ 10% 24 v
Output High-voltage _
Yom (Port 0 in External Bus Mode) loy = ~300 pA 0.75 Vg v
low = 80 pA C.9 Ve v
n Logical 0 Input Current {Ports 1,2,3) | V,, = 0.45V 50 pA
L,-,_ (L°9‘°°F ' 12“;)0 Transition Current Vj = 2V, VCC = 5V £ 10% 650 pA
iy input Leakage Current (Port 0, EA) 0.45 < Vg < Ve #0 HA
RRST Reset Puil-down Resistor 50 300 K
Co Pin Capaciance Test Freq. = 1 MHz, T, = 25°C 10 pF
Active Mode, 12 MHz 20 mA
Power Supply Current
\ idie Mode, 12 MHz 5 mA
'CC
@ Voo = 6V 100 A
Ve =3V 40 pA
iotes: 1. Under steady state (non-transient) conditions, I, must be externalty limited as follows:

10

Maximum Iy, per port pin: 10 mA

Maximum |, per 8-bit port: Port 0: 26 mA

Ports 1, 2, 3: 15mA

Maximum total |, for all output pins: 71 mA
if |5, exceeds the test condition, V,, may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.

. Minimum Vg, for Power-down is 2V.

AT89C51 msssssssssssss——————
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C Characteristics
dwopuaﬁng conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other
tputs = 80 pF.

xternal Program and Data Memory Characteristics

12 MHz Oscilllator 16 to 24 MHz Osclliator
symbol Parameter Min Max Min Max Units
Reie Qscillator Fraquency 0 24 MHz
L ALE Pulse Width 127 21 40 ns
WLL Address Valid to ALE Low 43 toe-13 ns
1AX Address Hold after ALE Low 48 te e -20 ns
o ALE Low to Valid Instruction In 233 4t 65 ns
" ALE Low to FSEN Low 43 tore-13 ns
. PSEN Pulse Width 205 3 20 ns
LIV PSEN Low to Valid Instruction In 145 3t oL 45 ns
PXIX Input Instruction Hold after PSEN 0 0 ns
Xz Input Instruction Float after PSEN 59 terc-10 ns
PXAY PSEN to Address Valid 75 to o8 ns
v Address to Valid Instruction In 312 Ste, o -55 ns
PLAZ PSEN Low to Address Float 10 10 ns
RLRH RD Pulse Width 400 Bte o -100 ns
LW WR Pulse Width 400 Blo o ~100 ns
‘RLOV RD Low to Valid Data In 252 Stey ¢ ~90 ns
T~ Data Hold after RD 0 0 ns
favoz Data Float after RD 97 21, -28 ns
luov ALE Low to Valid Data in 517 Bt o ~150 ns
vy Address to Valid Data In 585 9oL -165 ns
Luwa ALE Low to RD or WR Low 200 300 ey o 50 3t o +50 ns
Lo Address to RD or WR Low 203 4ty o -T5 ns
Lovwx Data Valid to WR Transition 23 toc20 ns
tovwh Data Valid to WR High 433 Ttoo-120 ns
twrax Data Hokd after WR 3 toc-20 ns
taiaz RD Low to Address Float 0 0 ns
T RD or WR High to ALE High 43 123 tor 20 toc 25 ns




xternal Program Memory Read Cycle

Yy —*
ALE N
torpy
tAVLL M ] tLLPL . tLLI'\.I
PSEN ¢ teuv
b ax xz
toxix i
PORT 0 > A0-A7 < INSTRIN p > a-ar >~
i tAV’IV
PORT 2 } A8 - A15 X AB-A15
xternal Data Memory Read Cycle
t— ‘!
ALE /F

PSEN —— oy — | e N

fe— triry —

RD L
— A —» N ——
ey le—»
-~ tAVLL_J = { trroz

PORT 0 _ >AD - A7 FROM RI OR DPLY . — DATA IN 1 >A(A0 - A7 FROM PCL > INSTR IN
¥ = L ;

- »

tAVWl
- oy ——
PORT 2 X P2.0 - P2.7 OR AS - At5 FROM DPH X AB-A15 FROM PCH

12 AT389C51 messssssssssssss—————eees——



«ternal Data Memory Write Cycle

ALE

PSEN

PORT O

PORT 2

F Lr—

AT89C51

- tAv|_|_—-h tO\I‘W’X

— tavw ——»

— tprax

DATA OUT

<. A0 - A7 FROM PCL>—INSTR IN

!
>« A0 - A7 FROM R! OR DPLl

o ———

X P2.0 - P27 OR AB - Al

5 FROM DPH

< AB - A15 FROM PCH

xternal Clock Drive Waveforms

tenex
— tona
0.45v L
+— toaex — ™
ey

ixternal Clock Drive
Symbol Parameter Min Max Units
Moo Oscillator Frequency 0 24 Mz
toc Clock Period 4186 ns
tonex High Time 15 ns
toicex Low Time 15 ns
touen Rise Time 20 ns
toncL Fall Time 20 ns




srial Port Timing: Shift Register Mode Test Conditions

se = 5.0 V £20%; Load Capacitance = 80 pF)

12 MHz Osc Variable Osclilator Units
symbol Parameter Min Max Min Max
XL Serial Port Clock Cycle Time 1.0 12t ps
WXH Output Data Setup to Clock Rising Edge 700 10t; o -133 ns
Hax Output Data Hold after Clock Rising Edge 2o 0~ 117 ns
<HOX input Data Hold after Clock Rising Edge 0 0 ns
oV Giock Rising Edge 1o Input Data Valid 700 10t c,-133 ns

hift Register Mode Timing Waveforms

INSTRUCTION | 0 | 1 | 2 | 3. | 4 i 5 __ ! 6 | 7 8 |
ALE RS RN RN
ltXLXl.
cLock I A N R U R SO R S s A e S s S
tavxn ’-—-‘_* e tmi:x
WRITE TO Seur, B NE G T W e W S e
OUTPUT DATA bypoy [+ teox SET TIT
L CLEARRI , s < o i i s
lNPU: DATA SET RIT
{C Testing Input/Output Waveforms"!  Fioat Waveforms'"

Voo~ 08V 0.2 Vg + 0.9V

TEST POINTS
0.2 Vgg - 0.1V

0.45v

ote: 1. AC Inputs during testing are driven at Ve - 0.5V fora
logic 1 and 0.45V for a logic 0. Timing measurements
are made at V,, min. for a logic 1 and V,, max. for a

logic 0.

14

. For timing purposes, a port pin is no ionger floating
when a 100 mV change from load voltage occurs. A
port pin begins to float when 100 mV change from
the loaded Vo /Vo, level occurs.

AT89C51 ssssssssssssse———————
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rdering Information
"Speed Power
- (MHz) Supply Ordering Code Package Operation Range
12 5V £20% ATBOC51-12AC 43 Commercial
ATBOCS1-12JC 44y (0°C to 70°C)
ATBOC51-12PC 40P6
ATBOC51-12QC 44Q
ATB9C51-12Al 44A industrial
ATB9CS1-12J) 44) (40°C 10 85°C)
ATB9C51-12P| 40PB
ATB9C51-12Ql 44Q
16 5V £20% ATB9C51-16AC 44A Commercial
ATBIC51-16JC 444 (0°C 0 70°C)
ATBYC51-16PC 40P6
AT89C51-16QC 44Q
ATB9CS51-16A) 44A Industrial
ATB9C51-18! 44) (-40°C to 85°C)
ATBOC51-16P 40P
ATBOC51-16QI 44Q
20 5V £20% ATB9C51-20AC 44 Commercial
ATB9C51-20JC 44) (0°C to 70°C)
ATB9C51-20PC 40P6
ATB9C51-20QC 44Q
ATB9CS1-20Al 44A industrial
ATB9C51-20J1 44y (40°C t0 85°C)
ATB9C51-20P 40P6
AT89C51-20Q 44Q
24 5V £20% ATB9C51-24AC 44A Commercial
ATBICS51-24JC 44) (0°C 1o 70°C)
ATB9C51-24PC 40P6
ATBICS1-240C 44Q
ATBOC51-24A) 44A Industrial
ATB9C51-24J1 44) (-40°C to 85°C)
ATBOC51-24P| 40P6
ATB9C51-24Q 44Q
Package Type
442 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44 44-iead, Plastic Headed Chip Carrier (PLCC)
40P 40-lead, 0.600" Wide, Plastic Duat Inline Package (PDIP)
44Q 44-ead, Plastic Gull Wing Quad Fiatpack (PQFP)

15



ackaging Information

. 44A, 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad
Flatpack (TQFP)

. Dimensions in Millimeters and {inches)"
JEDEC STANDARD MS-026 ACB

12.21(0.478) sQ

PIN 11D 11.75(0.458)

0.80(0.031) BSC L =[r %

=

“TOITEITIT

10.10(0.394)

T.00[0.386) o2

r 1.20(0.047) MAX

0.20{.008)

ey

0.45(0.018) 005(0(!)2)

Controlling dimension: millimeters

44J, 44-lead, Plastic J4eaded Chip Carrier (PLCC)
Dimensions in inches and (Millimeters)
JEDEC STANDARD MS-018 AC

M45(1.14) X 45" PIN NO.1 045(1.14) X 30° - 45_'

012(.305
N (IDENTIFY [__1[ ou?(zﬁi}
i v S "ﬁr,__‘
ﬁ g ! ! t6o
¥4 £.656(16.7)0r | L_g; B30(16.0)
- 5 650(16.5) | i | seotsn)
032813 | L L s
' i 213(3%0)

. i 120(3.05)

~ D it 000(228)
S s, | -180(4.57)

inlin * 165(4.19)
fra 'th
=T ~3
T 022(559) X 45° MAX (3X)
m AT i ]
A H S 3

40P8, 40-lead, 0.600" Wide, Plastic Dual inline
Package (PDIP)
Dimensions in inches and (Millimeters)

2.07(52.6)
2.04{51.8)

j
_L

229
1sm¢um)nEF—t] e oo )

20558) 005 12.,)
v.-l I‘_ MIN
“31 3 015( 381)
A253. 1’__) L JL— 022 555)
065(1.65) 014(356)
A10(278) 041(104)
0D0(2.29)

B3(16.0)

|' 590(15.0)
T
.D0B{ 203} ~

L 17.5
[ Siass—

44Q, 44-lead, Plastic Quad Flat Package (PQFP)
Dimensions in Millimeters and (Inches)*
JEDEC STANDARD MS-022 AB

13.45 (0.525) o)
12.85 (0.508)

PINtID

0.80 (0.031) BSC
b
r

1090 (0.304) o
9.90(0.388) °°
rz.qs(o.oae)mx
0.17 (0.007) _L
013(0005) rj
’I L (ﬁ%ﬁiﬁ% L_ 0.26 (0.010) MAX

Controlling dimension: millimeters

I6 AT89C51
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General Description

The MAX220-MAX249 family of line driversfreceivers is
intended for alt EIA/TIA-232E and V.28/V.24 communica-
tions interfaces, particuiarly appiications 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.

Applications

Portable Computers

Low-Power Modems

interface Transiation
Battery-Powered RS-232 Systems
Multidrop RS-232 Networks

AutoShutdown and UCSP are trademarks of Maxim Integrated
Products, Inc.

MNMAXILWV

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

Nexi-Generation
Device Features

¢+ For Low-Voitage, Integrated ESD Applications
MAX3222EMAX3232E/MAX3237E/MAX3241E/
MAX3248E: +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)

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

Ordering Information
PART TEMP RANGE PIN-PACKAGE
MAX220CPE 0°C to +70°C 16 Plastic DIP
MAX220CSE 0°C to +70°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
MAX220E.JE -40°C to +85°C 16 CERDIP
MAX220MJE -55°C to +125°C 16 CERDIP
Ordering Information continued at end of daia sheet.
“Comtact factory for dice specifications.

Selection Table

Power No. of Nomindl SHDN Rx
Part Supply RS-232 No, of Cap. Value & Thves- Activein Data Rale
Number () Drivers/Rx_Ext. State _ SHON __(kbpe) Festures
MAX220 +5 22 4 0047033 No - 120 Ultra-low-power, industry-standard pinout
MAX222 +5 22 4 0.1 Yes —_ 200 Low-power shutdown
MAXZ223 (MAX213} +5 4/5 4 1.0(0.1) Yes v 120 MAX241 and receivers active in shutdown
MAX225 +5 5/5 0 — Yes v 120 Avatlable in SO
MAXZ30 (MAX200) +5 50 4 1.0{0.1) Yes — 120 5 drivers with shutdown
MAX231 (MAX201} +5and 22 2 1.0(0.1) No — 120 Standard +5/+12V or battery supplies;
+7.510+13.2 same functions as MAX232
MAXZ232 (MAX202) +5 22 4 1.0(0.1) No — 120 (64) Industry standard
MAX232A +5 22 4 0. No — 200 Higher slew rate, small caps
MAXZ33 (MAX203) +5 2R 0 -— No — 120 No external caps
MAX233A +5 22 0 — No — 200 No extemal caps high slew rate
MAX234 (MAX204) +5 40 4 1.0(0.1) No — 120 Replaces 1488
MAX235 (MAX205) +5 5/5 0 _ Yes — 120 No external caps
MAX236 (MAX206) +5 43 4 10(0.1)  Yes - 120 Shutdown, three state
MAX237 (MAX207) +5 53 4 1.0(0.1) No — 120 Complements IBM PC serial port
MAX238 (MAX208) +5 4/4 4 1.0(0.1) No — 120 Replaces 1488 and 1483
MAX238 (MAX209) +5 and 35 2 16(0.1) No - 120 Standard +5/+12V or battery supplies;
+7.510 +13.2 single-package solution for 1BM PC serial port
MAX240 +5 55 4 10 Yes — 120 DIP or Hatpack package
MAX241 (MAX211) +5 4/5 4 1.0(0.1) Yes — 120 Complete IBM PC serial port
MAX242 +5 22 4 0.1 Yes v 200 Separate shutdown and enable
MAX243 +5 2/2 4 0.1 No — 200 Open-line detection simplifies cabling
MAX244 +5 810 4 10 No — 120 High siew rate
MAX245 +5 &/10 0 —_ Yes v 120 High slew rate, int. caps, two shutdown modes
MAX248 +5 &/t0 0 — Yes v 120 High siew rate, int. caps, three shutdown modes
MAX247 +5 89 0 — Yes v 120 High slew rate, int. caps, nine operating modes
MAX248 +5 am 4 10 Yas v 120 High slew rate, salective half-chip enabies
MAX249 +5 10 4 10 Yos v 120 Aveilable in quad flatpack package
MAXIMN Maxim integrated Products 1

For pricing, delivery, and ordering information, please contact MaximvDailas Direct! at
1-888-629-4642, or visit Maxim's website at www.maxim-ic.com.

6VCXVIN-0CCXVIN



+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) ..440mW
16-Pin Narrow SO (derate 8.70mW/°C above +70°C)...696mW

16-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mwW
18-Pin Wide SO (derate 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)
16-Pin CERDIP (derate 10.00mW/°C above +70°C)... BOOmW

LJ -
Drivers/Receivers
ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243
Supply Vottage (VECC) vt 0.3Vto +6V

V+ (Note 1) {Vcc - 0.3V) to +14V
N (Note £ PO +0.3V to +14V
Input Vohages

TiNeevereeeeerenssiessesreeseeseemssessasssessessssenssrnen 0.3V to (Vce - 0.3V)
RqN {ExCopt MAX220) ......ocooocericnrieicree et reebe s +30V
RiN (MAX220).......cocoeereeercreeenes 225V
TOUT (Except MAX22Q) (Note 2) ... .15V
TOUT{MAXZ220).......oo oot ere e e aee +13.2V
Output Voitages

T e irvierraeimrrstasenssiesranee s asranensssasssssasasssesanasresssssessnrssnssnsan 15V

ROUT et treer ettt sebesbee s e 0.3V to (Ve + 0.3V)

DnverlRecelver Output Short Circuited to GND......... Continuous
Continuous Power Dissipation (TA = +70°C)
16-Pin Plastic DIP (derate 10.53mwW/°C above +70°C)..842mwW

18-Pin CERDIP (derate 10.53mW/°C above +70°C).....842mw
Operatmg Temperature Ran
MAXZ2_ _AC__ MAX2_ C_ e 0°C to +70°C
MAX2_ “AE_ - MAX2 e ...~40°C to +85°C
MAX2_ _AM_ ,MAXZ__ R .-55°C to +125°C
Stc;ragr e Temperature Range.........c.occeicnns, -65°C to +160°C
Lead Temperature (soldering, 10s) (Note 3) ........c.ccc.e... +300°C

Note 1: For the MAX220, V+ and V- can have a maximum magnitude of 7V, but their absolute difference cannct exceed 13V.

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

Stresses beyond thosa listed under "Absolute Maximum Raltings”™ 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

absolute maximum reting conditions for extended pericds may alfect device reliability.

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

(Vcc = +5V £10%, C1-C4 = 0.1yF, MAX220, C1 = 0.047pF, C2-C4 = 0.33pF, Ta = TmiN to Tmax, unless otherwise noted.)

PARAMETER ] CONDITIONS | MIN  TYP  MAX | uNITS
AS-232 TRANSMITTERS
QOutput Voltage Swing All transmitter outputs loaded with 3kQ2 to GND x5 +8 \4
input LLogic Threshold Low 14 0.8 \i
All devices except MAX220 2 1.4
Input Logic Threshold High v
putogie o9 MAX220: Vo = 5.0V 24
All except MAX220, normal operation 5 40
Logic Pultup/input Current SHDN = 0V, MAX222/MAX242, shutdown, pA
+0.01 +1
MAX220
Ve = 5.5V, BHDN = OV, Vour = +15V,
vt Leakace Cutrer MAX222/MAX242 001 +10 R
n
wipul Leakage Lurre Vour = 15V w001 210 v
Vce = SHDN =
MAX220, Vour = 12V +25
Data Rate 200 116 kbps
Transmitter Output Resistance Voo = V+ = V- =0V, VoyT = £2V 300 10M 0
L Vour = OV +7 +22
Qutput Short-Circuit Current Vi =0V mA
pu ircuit Cur ouT TAAXZZ0 e
AS-232 RECEIVERS
. +30
RS-232 Input Voliage Operating Range MAX220 225 v
All except MAX243 R2|N 0.8 1.3
RS-232 Input Threshold Low Vce =5V \
P e MAX243 R2 i (Note 4) 3
. All except MAX243 R2iy 1.8 2.4
RS-232 Input Threshold High Vce = 5V Vv
nput Threshold Hig ce MAX243 R2 1\ (Note 4) 05 01
2 MAXIMN




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

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

(Vcc = 45V £10%, C1-C4 = 0.1pF, MAX220, C1 = 0.047F, C2-C4 = 0.33pF, Ta = TMiN to TMAX, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Alt except MAX220/MAX243, Vo = 5V, no 0.2 05 1.0
RS-232 Inout Hysteresi hysteresis in SHON ) ) ) v
- n eresis
putty MAX220 03
MAX243 1
. 3 5 7
RS-232 Input Resistance Ta = +25°C (MAX220) 3 s - Kn
louT = 3.2mA 0.2 0.4
TTL/CMOS Output Voitage Low v
Le P g louT = 1.6mA (MAX220) 0.4
TTL/CMOS Output Voltage High loyt = -1.0mA 35 Vee-0.2 v
Sourcing Vout = GND -2 -10
TTL/CMOS Output Short-Circuit Current mA
P Shrinking Vour = Vcc 10 30
SHDN = Ve or EN = Ve (SHDN = 0V for
TTLICMOS Output Leakage Current MAX222). OV < VoUT £ Voo +0.05 +10 WA
EN Input Threshold Low MAX242 1.4 0.8 Vv
EN Input Threshold High MAX242 2.0 1.4 v
Operating Supply Voltage 4.5 55 v
MAX220 0.5 2
No load MAX222/MAXZ232AMAX2334A/ 4 10
Vce Supply Current (SHDN = Vg, MAX242/MAX243 "
figures 5, 6, 11, 19 MAX220 12
3k load both
inputs MAX222/MAXZ32AMAX233A/ 15
MAX242/MAX243
Ta = +25°C 0.1 10
MAX222/ Ta=0°Cto +70°C 2 50
hi | A
Shutdown Supply Current MAX242 Ta = 40°C 10 +85°C 2 50 W
Ta = -565°C to +125°C 35 100
SHDN Input Leakage Current MAX222/MAX242 +1 pA
SHDN Threshold Low MAX222/MAX242 1.4 08 v
SHDN Threshold High MAX222/MAX242 20 1.4 v
Ci = 50pF to MAX222MAX232AMAX233/ | o 12 30
2500pF, R = 3Kt | MAX242/MAX243
- to 7k, Vcc = 5V,
Transition Slew Aate TA = +25°C, Vius
rneasured from MAX220 1.5 3 300
+3Vto -3V or -3V
MAX222/MAX232AMAX233/ 13 35
tPHLT MAX242/MAX243 ‘ '
Transmitter Propagation Delay TLL to MAX220 4 10 o
LA MAX242/MAX243 s 385
MAX220 5 10

Note 4: MAX243 R20(T is guaranteed to be low when R2yy is 2 OV or is floating.
MAXIN 3
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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 = 0.1yF, MAX220, C1 = 0.047uF, C2-C4 = 0.33uF, Ta = TMiN to Tmax, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
MAX222MAX232A/MAX233/ 05 1
PHLA MAX242MAX243 :
Receiver Propagation Delay RS-232 to MAX220 06 3 .
TLL (Normal Operation), Figure 2 MAX222/MAX232AMAX 233/ . H
tPLHA MAX242/MAX243 08
MAX220 08 3
tPHLS MAX242 05 10
Recsiver Propagation Delay RS-232 to s
TLL (Shutdown), Figure 2 H
tpHLS MAX242 25 10
Receiver-Output Enable Time, Figure 3 {ER MAX242 125 500 ns
Receiver-Output Disable Time, Figure 3 | tor MAX242 160 500 ns
. ) T MAX222/MAX242, 0. 1uF
Transmitter-Output Enable Time (SHON .
Goes High), Figure 4 teT caps (includes charge-pump 250 us
start-up)
Transmitter-Output Disable Time (SHON tor MAX222MAX242, 600 ns
Goes Low), Figure 4 D 0.1pF caps
MAX222MAX232A/MAX233/ 300
Transmitter + 1o - Propagation Delay LT - 1P MAX242/MAX243 ns
Difference (Nomal Operation) LT - 1PLHT
MAX220 2000
MAX222/MAX232AMAX233/
Receiver + 10 - Propagation Delay ) MAX242/MAX243 100
Difference (Normal Operation) IPHLR - TPLHR M ns
MAX220 225

QUTPUT VOLTAGE (V)

‘ —
RN S N oA O

&

_ElTHEII\HmV-LDADE)_

MAX220/MAX222/MAX232A/MAX233A/MAX242/MAX243

OUTPYT YOLTAGE vs. LOAR CERRENT

| Voo =5V RN
10 L0AD ON
- TRANSMITTER OUTPUTS
| (EXCEPT MAX220, MAX2Z3A)
I | i
V- LOADED, NO LOAD ON V+
]
0.1pF TuF
-

V+ LOADED, NO LOAD ON V-

0 5 10 15 20 25

LOAD CURRENT (mA)

AVAILABLE SUTMST CHRRENT
vs. BATA RATE
n T  p—
~ QUTPUT LOAD CURRENT
10 FLOWS FROM ¥+ TO V-

Ao t—l_ |

9 1 ‘”-\_

[

T
Vg = 1475V
]

\‘L‘

z
g
%
3 ALL CAPS
E- T owr
3 5

5

4

)

DATA RATE (kts/sec)

20 33 4 D

Typical Operating Characteristics




+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX223/MAX230-MAX241

........................................................................... -0.3Vto +6V
(Vcc - 0.3V) to +14V
............................................................................ +0.3Vto -14V
TUN cereeerrerirnerereeerssnesrmeessiaressisessarressvntasenns -0.3V to (Vcc + 0.3V)
RIN: ot crrsre s e s e s e e e rar s e s rneraeine s er e snaasn e rereeann +30V
QOutput Voitages
TOUT crereeeeiervsrersrencesrensrarinssesesraranas (V+ + 0.3V) to (V- - 0.3V)
RO T ettt ettt s ste s st e sre e eenns 0.3vio (Ve + 0.3V)
Short-Circutt Duranon Tom ...................................... Continuous

Continuous Power Dissipation (Ta = +70°C)

14-Pin Plastic DIP (derate 10.00mW/°C above +70°C)....8B00mwW
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

{derats 13.33mW°C above +70°C) ..........1.07W
24-Pin Plastic DiP (derate 9.09mW/°C above +70°C)......500mwW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)......... 762mwW

20-Pin Wide SO (derate 10 00mW/C above +70°C).......800mwW
24-Pin Wide SO (derate 11.76mW/C above +70°C)......341mW
28-Pin Wide SO (derate 12.50mW/°C above +70°C) ............ 1w
44-Pin Piastic FP {derate 11.11mW/C above +70°C) .....883mwW
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 11.1tmW/°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/C above +70°Cj............. 762mwW
Operating Temperature Ranges
MAX2 C i e 0°C to +70°C
MAX2  _E__ ....~40°C to +85°C
MAXZ _ _M_ s .-65°C to +125°C
Storage Temperature Range...... .....-85°C to +160°C
Lead Temperature (soldering, 10s) (Note 4) ........cc.c...... +300°C

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

Stresses beyond those listed under “Absoile Maximum Ratings” may cause permanent damage to the devics. These are stress ratings only, and functional
operation of the davice at these or any other conditions beyand thase indicated in the operationsal sections of the specifications is not implied. Exposure to
absoiute maximum rating conditions for extended periods may affect device refiabllity.

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241

(MAX223/230/232/234/236/237/238/240/241, Vcc = +5V £ 10; MAX233/MAX235, Voe = 5V 5%, C1-C4 = 1.0uF; MAX231/MAX239,
Vo = 5V £10%; V+ = 7.5V 1o 13.2V; Ta = TmiN to TMAX; unless otherwise noted. )

PARAMETER CONDITIONS MIN TYP  MAX UNITS
Output Voltage Swing All transrnitter outputs loaded with 3k to ground 5.0 7.3 v
MAX232/233 5 10
Vo Power-Supply Current | MO 1000 . " WAXaza12307254-236/240241 7 15 mA
MAX231/239 0.4 1
MAX231 1.8 5
V+ Power-Supply Current AR 5 3 mA
Shutdown Supply Current | Ta = +25°C Maxzz3 15 50 WA
MAX230/235/236/240/241 1 10
Input Logic Thrashold Low | Tin; EN, SHDN (MAX233); EN, SHDN (MAX230/235-241) 0.8 v
Tin 20
Input Logic Threshoid High EN, SHDN (MAX223); 24 \
EN, SHDN (MAX230/235/236/240/241) ’
Logic Puil-Up Current Tin=0V 1.5 200 HA
Race ot dtage s w |
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+5V-Powered, Multichannel RS-232
Drivers/Receivers

~ ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241 {continued)

- (MAX223/230/232/234/236/237/238/240/241, Vo = +5V £10; MAX233/MAX235, Vce = 5V £5%, C1-C4 = 1.0uF; MAX231/MAX238,
- Voe =5V £10%; V+ = 7.5V 10 13.2V; Ta = Tmin to Tmax: uniess otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
Normal operation
SHDN = 5V (MAX223) 0.8 1.2
= o SHDN = OV (MAX235/236/240/241)
RS-232 Input Threshold Low 1a = +25°C. v
cc= Shutdown {(MAX223)
SHDN = OV, 0.6 15
EN = 5V (R4, R5iN)
Normal operation
SHDN = 5V (MAX223) 1.7 24
_ o SHDN = OV (MAX235/236/240/241
RS-232 Input Threshold High Ta ‘_"%3 C. ) v
vee = Shutdown (MAX223)
SHDN = 0V, 1.5 24
EN = 5V (R4, R5iN)
RS-232 Input Hysteresis Vee = 5V, no hysleresis in shutdown 0.2 0.5 1.0 v
RS-232 Input Resistance Ta = +25°C, Vo = 5V 3 5 7 ka2
TTL/CMOS Output Voltage Low lout = 1.6mA (MAX231/232/233, lout = 3.2mA) 04 v
TTL/CMOS Output Voltage High | lout = ~1mA 35 Vcc-04 v

OV < Rout < Vec; EN = 0V (MAX223),

TTL/CMQOS Output Leakage Current EN = Ve (MAX235-241 ) 0.05 +10 YA
) Normal MAX223 600
Receiver Cutput Enable Time - ns
P operation MAX235/236/239/240/241 400
) . Normal MAX223 900
Receiver Qutput Disable Time . ns
ute operation MAX235/236/239/240/241 250
RS-232 IN to Normal operation 0.5 10
Propagation Delay TTL/CMOS OUT,| SHDN = oV tPHLS 40 ys
=1
Ci = 150pF (MAX223) PLHS
MAX223/MAX230MAX234-241, Ta = +25°C, Voe = 5V,
RL = 3k} 1o 7k62, CL = 50pF to 2500pF, measurad from 3 5.1
» ) +3Vto -3V or -3V to +3V
Transition Region Slew Rate Vius
MAX231/MAX232MAX233, Ta = +25°C, Vog = 5V,
RL = 3k to 7k42, C = 50pF to 2500pF, measured from 4 30
+3V to -3V or -3V to +3V
Transmitter Qutput Resistance Voo = V+ = V- =0V, Vout = 22V 300 0
Transmitter Cutput Short-Circuit
Current +10 mA
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+5V-Powered, Multichannel RS-232
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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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