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Abstract

This project is-about finding 3D ¢oordinate of object using laser pointer. The key idea is
based on stercoscopy in which 2 cameras are placed in the same plane to take 2-viewed image of
the object. The object is scanned by a laser pointer. The image of the pointer is analyzed to find
the position-of the point. The 3D coordinate is computed using steresscopy technigue. The 3D

result is displayed.
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X, =kXx +sy +x

a

Y3 4

ypfx :kyy' +yo
PINAUNTA 2.10, 2.11 92 14
x,. =k fi + sf& +x o ;i
pix — T™x 7 2 o ( HNTIN 214)
5 L1
_ Y o
Vou =k, =+ ¥, (@UMIN 2.15)
z

L]

srenmnsoidioveg lugthundng 18t

r xS
u o, 5 x, 0
vil=1 0 “a,; -, D ¥ @uM3 2:16)
wl ol 0-Tato 21
01 a, = ke, = fk,
u’ 4
bSO R (FUNITN2.16)
w
v 2
LA Swr (@UN13¥ 2.17)
W
a, J\ 20 SWFGhaYy % XAHAT0 010
0 a, w,20|=|00al y 40 10 B1=K[; /0] @aunnfi2ag)
0 0 1“0 00 =l 10 001 0

Taof  a,,a, anusnIidavesin x uazy lumbennea
o ar A ] =y
X,, ¥ ‘Wﬂmmﬂﬂmﬂmagﬂ“luwmﬂwmma
= o =
s Wuwisidmesuoeniifo
= o o oo . . . A e & a

mmﬂsﬁ K 19 UARILTFUIUNS N (Calibration Matrix) ¥IUUHI9 Ix3 mtﬁummncﬂ
= W 3 = '3 . . A9 w k4
‘ml'szﬂaumumuwwwmasmaﬂu (Intrinsic Parameter) NAYIDINADI

} ]
w30 K insedidnuossdumumanutnauu (Upper Triangle)

2.1.9.3 nydiavesalanhideuifufuiiavendes
511 2.14n) uansndesdiannsaiiad ludesiieiidavealan (World Coordinate Space)

3 v
nAnaiigntadaoiatinndos (Gimbal) Henmsonyudwsiyn @ funuiueu (Horizontal)
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o A . o a P Q=] 3 1a = oQr = Qs
a1 (Tilt) MY ¢ LUIAL JANINANVBINILANTDIBYNYANHR (X, Y, Z,) 1o
oo Y = é ot é’ o

szUuRAasIBIunelan yanenanvesidandeunzgannanvesms Isdaduae

TTUUMHBGHIAUAIS O (X, Y,, Z,) 31 2.14% umasszuuiida lanuazszuuifandeh

Taidreusindu
Y
1 Image Plane Center
Ys+  Gimbal
Center X
X _
/ » 7
Zg
n)
Image plane

(XS: YSp ZS)

M

1)

51l 2.14 N) BOVWRINSITANMHTINNADY V) 1ITVIALAVBINTAAN N

o ) 2w 9 hly-d‘ Ab oo 5 =
n3diNgAnINaIweIN s Ilsdntuvendegane LN gatinanneesssuuniae1$ds

rey 1 - =4 o as }1] o é a2
‘Ui?NIﬁﬂ "luumsmnmamawmnnmmumwa ﬂﬂﬂw‘lﬂﬁ"lﬁ"l!ﬂQ‘H"Jﬂﬂﬂgﬂﬂuﬂ$°llﬂﬂﬁ$u1l]ﬂ"!w

sgfifeIn LUV 19BIMIAANIW (Imaging Model) Tussuunialelulilsmiufe
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W= MV (Auns¥ 2.19)
- ~ o [ = o o oo

Taoit ¥ Aenmwosvesgauuinglussuunde laluddien

~ o -y o

w fanameivegaLUIRINUMWINIsUUNGR 1a luutlea

A a o o d W

war M Aswnsnaueuwemilnivinsudesiudu

¥ v
Tunsdiiiuiasimsiiasmvinnassaiutsont 1dde Inemafouutas (Modify) aums
0219

] [ F
MIN (Adandes) ndesogym (X,, Y, Z,) Mouduszuuinadetaveslan aaiu

o [
wuusiaeslv Ae

w=MTI_,V (anmsﬁ 2.20)
Tauft
70,0 =X,
0 K0-®h) 4
T. = {(Fun1an 2.21)
$ 0111\
0,00 1

U o a d
m3dwHIemsdeseisngniianales lagmaroumsasnsmyu

W= MRT,V (AUN13N 2.22)

Taghl R= R R,

cosg —sin@ 0 0
sin@ ., cosd 0 0 o4
g = (UN1IN2.23)
0 0 1.0
0 0 0 1
o
1 ¢ 0 0
i 0 o
R, = 0 Co_w sing (AUNITN 2.24)
0 -sing cos¢ 0
0 0 0 1

34 & o 2 9 A ‘I 3 o ] LY

WingaganInaveIitandauasaninaleeIns llsansuvesssuiumuegriiuaie
L4

202 (X, Y,, Z,) astiunuuiiassyeinsiianmanndosio

W= MT.RT,.¥ (@uMsh 2.25)
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Taoft
1 0 0 -X,
01 0 -Y% 5
T.= (@UN15N 2.26)
0 01 -Z,
0 0 0 1

gumsi 2.25 ansodeu I lanly

’ x:

i k=T .

v/ =K[13/03{ . } 7 (erun15 2.27)
[ 03 ] Zy

w

3 a o =5 ar
Taodl R umutmSndailunasuusmsyussuuRia

7 aw
T!.L‘VIuL’JﬂLﬂﬂﬁﬁtﬂuﬂﬁiﬁﬂﬂjﬂ\‘lﬂﬁg’w'mﬂ‘LIWﬂﬂ

R\ ~T
Gl ¢

o  da £ o or
rﬂumwsﬂ%ﬁ's?mmmimmasmuu@ﬂ (Extrinsic Parameter) ﬂ!ﬂﬂﬂlﬂ?ﬂﬂ?iﬂiﬂlﬁﬂﬁﬂgﬂﬁ

ISINENTUUNI D

et audesrenntsit 227 Tigiliuuiide g

x =MX (@umsdl 2.28)
Touil :

M= KR/~ KRT] (erumsfi 2.29)

2.1.9.4 M3t Fumoundea {Camers Calibration)

Y- 9o

[ Y-\ g/ = 4 = 1
msdSusundeaiitimslszmaamsng M vingalusin 3 58 Afdumiaaznim

4; ~a 3 : a = 4 = ) =t 3
TNAYUUBITA ﬂ1nuumﬂ13mm‘smmmmﬂiuummﬂuaﬂ wmﬁmwmsﬂmmﬂulﬂah

@ o

NABIAUAY?

a d o ~ =oar T
Tumasnumsing Mishmsvealuninfismswise X =[x, y,z| uazgalu

td
f=3

e o - k4 9
a2 dnaeandoany [u,v] weveldounisds
au My Wy My, Wy, '

av|=|my my, my my (w1 2.30)

124 sy My My M,

— o = X
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o MyX+ M,y +m,z+m,
v |=|my, X+ My, Y+ myZ+m,, (YuMIn 2.31)
a MyXx+my,y+m z+my,

o o ot a 4
wnmsuoiuoalad 1¥auEnn 3 8 1 15192 WWauns
u(m31x +M, Y+ Mzt m34)= mpX+mpV+myz+m,

V(i x + my,y+ myz + my, Y=my x4+ my,y+muz+m,  (@uUN1SA 2.32)

=y

o o o o PR a o
dulwsiee laupsiseadu 2 aunsdmiugalusin 3auAnilsgauaz luniv 2 iia #

8 Y] & : 1 o
asandeaiu ymslewaunisi 232 Tl Juglvosumsad 1aid

m, )

x y z/1 0 0 00 —ux —uy ~uz "~u
m A

0 0 0/0ex y z. .1 w7 =vy —yz-~=¥ :'2 =0 (auni1an2.33)
My

o 1 A ar o ) ] Qs A ar 4
gt s unlsflinsna L andsununsgdin 12 daals weamn
pamlsznaumsdemtien lugunsonstuat i imsadaunsialustivasaealyetis
= ' - & ]
fou 6 99 Millinand 69815298 1aun15 Over-determined Faaunsand 14 1ae33

Least Square

4 F 4 us: r a = o A
dinlawnsna M uadruseusall-Asinisuenminiwas mely 1deen

M =[KR/- KRT}= [A/ B] (@un13 2.34)
v o o ¥ ¢ w2 A v dd =
AU UIUNTNBODH 3 x 3UNURAI A VINRDIADRHUINUOTALNUAIY b IMABINY
= ¢ A A W 1 ¢ q Yy < 2
Wi MmeT szuzpune T ouonsanin ndwlans = —4 b Awes ¢ IMloyanuenia

-4 ' A )
AN UININDNYDIDUUINAY
& a o - ¢ - a &
NAUUATIS A= KR Tt K Wumnsar sy uazsunsndg R Li‘lu

= o a ooy ot oW
wn3ndes Isnouan RISLONUNSNS K taz R a1u1santla tagldmaiinfie1sanaunadau

(QR Decomposition) dMFLuNIns A
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2.1.9.5 mamida 3 §A vesgaluninladlsndes 2 i

Ia Fgue o 2 [a}s X
Fle ER Toch Window Help .

CSHS kA s BP0

Click on the four putrame comers of 1he rectanguisr patiem (firat comer = oagin)... Image 2
i T T T T

& B ok Brom.. Lo, o G0

3 E% YA Ry

514 215 mmapgnstanungnininn I lumsdSumenndes

d‘ o oy nd s u’: 9 ] Qs = 9 & o
ndosnvzihulunisning 3 A tutzaerIung 2 unslSuRnnda R an

' w ¥ o W o W ¥ Y @ ' Y
anranludadeiinda uwiaumsdiomepndousnesBindamsaassnenwinglunin

]
=

aa a2 o ' ] o
3 DanMILAAA e nim I IS IITYIAYDUIRe ¥ AR Y
] [ ¥
311 2.15 intiugimsmAidevssgafavesa s lundosieaos Tdaums243 vims
o a o 5 o PR s ' 9 2 v A
fusuumindusaunesdniinns nidWe fwdu M mituaazndedaalibiini neiagh
3
ideImsnmnalunindniswigaranadsivaiga lunin 3 ddusindeisan i
° a o 4w -
S luninduoanemlniivni mdvasudumvesndowd 1 uaz 2.0y M uoz M’
MUY T WNUUAAZUBIVDUNNIATE M A m) ,m , m] Miussdernudmiunde 2
'T

1 s d N r '
S UNULABZLO VOV NG M daom]  m,  m)

dmsundoan 15118

u m,
u=|v|=MX=\m]|X (UM 2.35)
w m,

uazndesn 2 9z'ld
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. 17

u m,
T
u'=|v|=MX=m|X
r ¥
w m,

(FUNTIN2.36)

Taof uuag ' unudina lunmvesinglundes 1 uaz 2 awdrdu lumsiidam

anan lunsuaushnsmdadiuser eauuo luwms ndmediln -

.
NIFNDINTU M
wiviw=m X :mX m X
w' v iw = m XemI X omil X

3
@ o

¥ o o ¥ ~ ¥ -4
quuli’ﬂﬂﬁﬂﬂ]iﬁ’!ﬂiﬂﬂﬁﬂﬁ‘ﬂ TugznaeIn 2

uml X =vm/ X u'my X =v'm"X
T T

um, X = vm/ X a'my X=vm' X

um, X = vmy X wm Xr=vmX

aunsh 2.38 ausaeu 1ga

T
um, — Vi,
um; <wm/ (X =0

T 7
vy —wm,

E 7, r
u'my —v'm|

T E
wm;, —w'm (X =0

v kT r T
_vm3 —wm2

(aumMsi 2.37)

(@UN15N 2:38)

(@Un157 2.390)

(Fun13h 2.309)

W3RN MSUDITNATT 2390 398 w un I d9IR 2y ugWhamstian 14

(uwmzr —vwm! —uvm! +vwm/ )X = (uwm;jr — uvm, )X =0 (NN 2.40)

- 2] o = waa o oA =4 . @ =
TTIHUNAUNTIN 2.38 UAMATUUADIULIAW LAY (L1nearly Dependent) AULUOIN T TIUVOY

] ¥ W
N3N 2.390 danuunazndeus ¥ 1Mo 2 aumsdail

T T v #T T
vm3 —wm2 vm3 — W m2
»

Rouaun1sn 2.40 1na 1aaail

T T 10T ro T
l:ums —-wm, :'X‘—-O Lmv[um3 —wm, le:O

(AuN159 2.41)



25

umi —wm,

T T
vm, —wm ;
Lo X =aX =0 (erumsh 2.42)
u'm; —w'm

; .
vm, —w'm)

o 3 o A a @ S o=y

Minsudauns la luliied (qumsh 2.42) Swsuing 3 4a X Tawsanlunme
fmoinlsznnusuniaena (Non-Trivial) n3onsdl det(4)=0

2.1.10 manianlsvenaiuiiindsa

d‘ Qr 1 ;d ) = or T 3

Taonausmailinananizuaun 15N 1980 (Image Process) ALl simaniy

2115
e & ' 5 kY A ¥
- yaguénmievesnm B9 lannsam ldanamahnaugansdasans uiennunt

MsdLang

- anuen ldne
——

- Pefsuuinvosiaera vy

@ d’l =t _b
1V REL Y [ sk RFTRIE 7/ [
D

- pstadlenssuaud

NIzAUNTHIA ul suDen AR BINABY
Hd
2.110.1 s el indes (ntrinsic camera parameters) @111 5903na093iA1
A0 TYe (Focal lengthy £ : S2oz9InnM139895U R d9ina (Optieal center) (BaszUVDIG
o & o . A o
qﬂquﬂnmagﬂ (Principle Point) cc: i]ﬂﬂ‘m\‘l‘um‘;lﬂﬂﬂdl,ﬂﬂ
o o o 3 £ o ;
FusedniuoanisfRon (Skew coetficienthalpha cr9sUNBYTUYNIZNI AU X LAUAY y
5 csy % ; ¥ o dy o 1 14
AnuRaiouyeag Disortionyke: 1Huusnsmuamiiouludasaaivendas

2.1.102 mamganana1svendss

¥

i o oo a o 2 = =
ipannszugoufuveItssdvesgilligasuRuRNnma U

=
10 Ensoanu
geusuzlliiugduduvendesld Tasldjlunusvindavendes (geometry of the
v g . o L = § é
camera) YN LAUHAN (Principal axis)HOUNUAUITUILYRIRNITANANIND YOS
¢ o ¥
213158v89nA 09

s o o a o = A
fronfisdvesndeasdi n 1107 (row) ag m AN (column) 1A JANINA AL

cy=(m=-1)/2 ¢y=(n-1)/2

o A

matlasnagsudugal i, ji Tiugdusuvendes «, y) 18
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K= jt(m-1)/2 Y=it(n=1/2 (i 243)

2.2 dwuverid
2.2.1 msnsnnidsunsudanwn c#
2.2.1.1 Microsoft. NET

]
4

4 oA 3 4 3 Y
a1 cx Elunmniuiin luTasseriiaheiuiomhauduuwandesud
' P s o | ' EN o
Sund1 NET 99 TuTnserivimeliiion NET 11iegd Inulndussszyuneniunesiee
o L o o T : ° {
wauwmunauiuned Ilihdusiaesinadnausaifgaiidannsoadalusunsun
a o o o r J n’: ) g
MU uneiie, g 1udoua, 531 distributed system 1A st eiidoR luiT oy
a ¥ . p o g v oiaw W
Y8INMIMNUNIWNINT (programming language) B9 IA Tilsunsu higninadieniuila
- = =) a 1
auuRsInIesztulaszuuAItnae 11
2.2.1.2 M C#
C# ANMIWAIN Microsoft NET Taw 1955 ugaauuazanugmnie
3 a o r é cit:l
YDINTHIAUALNAI N IHUIADALIHY VB, C+r Uaz Javady Cflun T Iasaada
‘é I 1
At A Java Taomrnzn 11T Object YDINIHIFUDNIINGLS INDIPALAUVBINTHIAIA
Y3 @ u o J .t H
VHAUNENUAULAY MY G4 T3 ARUYBIA DI UL el
2] ¥ 4 £ i . 24 Gl
- @ouhe FegrhwnmstienTisunsuiuuuy Visual programming silouriuns
WouTUsunsudaun1v Visual Basic %58 Delphi
5 & P 9 o 5 9 =2 "ﬂ
- 11y Objeet sitpavinAnYTCH 1 Tn5IAdnen 11T Java Adii Inssadsugapuivuily
. = L4 = = =] o W o
UL Object NAs B g alaziisthipumsdonlsunsafdlussuuvh ldiamn
. . 1
apphcatlon"lﬂﬂﬂ
o oo . o 9/ ar a W ;
- Usgdnsnngs. Heaainaiiiv objectidsigihitiunda Ca Tailunufivmuiiu
9 o g o E) — 3 t'd
1ne1d NET Framework iunfpmutsoienmeldmaluTos NET ldetsauysal

- UNTAMIOIUSEAUAD MY CH DANUAINT AN UIEANYS 1T INDITLUY

= o o R = T
ABUWANDT LUTTAVIAN (FANAIIN Java)
° s & r g A a Qr o ¥
- Y9741 Multi-thread Favza0 197 lsunsui@oudas c# swsadham ldvae
= o
ulunauaaiy
222 madszaronaninisasa
astlszuananmataea Aemaihnmataeouinszihimislas iWeusg

o SN A Y = et & o < d
?ﬂq‘ljiﬁﬁﬁﬂﬂﬂ EWﬂﬁlﬂﬂ’lﬂﬂiﬂElﬁU‘lElﬂTﬁJﬂﬂJ’]U‘“ﬂ\?fl’lWllﬂﬂ‘Uu HOAVINU U373 IUDINTILAD
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UANNM(Storage) AT INWOBNIUUAAY (Representation) ahu msdszunananw GE!
AaBuAgUInANAMTUIzIIaNan MA199) TAun M131511)590 W (Image Enhancement) 113
UENTIUN TN (Segmentation) N151179G TUAIW (Object Recognition) M3fsafssuAIMILATH
(Restoration) N150UBANTN (Compression) i udy
2.2.2.1 maiuilun w261 (Grayscale)

1uwﬁaﬁmmm§fuwi‘imﬁﬂizﬂﬂmmﬁﬂgjﬁ’wﬁu 3 #e une, FTewaziiitu 4

UsgneufuiiuTumaddai
Tuanvsstinuy RGB

a <4

v ! ~ A A . ¥
TuTumavesduvy RGB ¥ udnzATieamilsenal Aoduas, Ao Tuaziiniu Falumatioe
“

1 »
o lunfia Cartesian @Misreulviusoy luanyazgouiad taaslugl \#Ha.16

P = ma :: 7 a g A
JU#A2.16 uernegad RGB 13389 3 1 Gray scale AILATAT (JAHAY) D3FV11 (1,1, 1)
T = A o ~ : il :: lﬁ' L] 1 = :’ = o
TaaTuswesduag  Asiuaz@buingegipiiawdanmveambiauluinm
= 1 = = |J:I = dl = ¥ = o |‘=; Q = 1 L)
Mauae nazMvaeegfyuen Iyufitnde Awesddiuaza)nania uaznveadvie
] r T s/
agiiyui lnagaduidauinige dmdululueadl Gray scaleszogizneddtadivn dmsy
a4 n,: sy < b sal v o = A
dougiuszidlugaiisganluvesgnunan Taomi ldvinnmaes nyosnsingaiiia e
v 1 ¥
anuazamsnzimualiyagnih Ididlualnd dufugauedlugald 2.16 tuszifugnuied
£ ' [ =t ] a4 a ' v
HHIHNUIY UDSANUDITUAY, ﬁwﬂ’umxﬂumuﬂzﬂgﬁlwaa [0, 1]
o H o a
sunmwineasluTumavesd RGB 11y sx1lsznou e 3 dw Fesudludilgugl

SruuvestianlFumumaz inaluf19ed RGBIUIZS 001 “ANuAnveIRnma”
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ad o z:al yﬂ o & 6t e ~ & o @
SEmrimnmElfdunimea-dniv s szshaduaasd lundanneeuiuInty
WAIMTAIBT N AITUNT

f(x,y): fn(x,y)+ fG(x,y)+ fb‘(x’y)
3

Sz (x, y) ::> RED
Fule Y oy M (x. )
7 (x,9) :> BLUE

512,17 ) udonTaszunsuieasmau lasaind RGB Tiilufiano-h

(N7 2.44)

2.2.2.2 M¥UNIN (Image Subtraction)
“luﬂﬁﬂ'sanﬁ“l%ﬂu‘lun1':"115:n’mwfmmmm%mwm%ﬁmmsﬁw
wlioudioy 2 i galautafiuanaig 513 sensammuandsuemw i aauns
g(x, )= flx. ) =h(x,)) (ﬁumsﬁ 245}
TasesAmrma nui@nmaueIn 1 inedns JaRneravad F g s Fadeiy
YPIM3AUNIM AB.MIANAIILANATIUDININ
2.2.2.3 My imuniEniayas (Template Matehing)

Humstugnm lanidaifngiifunmiedeiinsfumiuniming
mwﬁ'mdwﬁmsﬁﬂsﬁwmsﬁfmmw%‘aTﬁxﬁuﬁguﬁmsﬁﬂsmm'snuﬁmi’ﬂqﬁ”wum?im
auh'lﬁ'umzﬁmﬁmﬁiT‘uvjmmfulﬂuﬁaumﬂuﬁ’mwxﬁtjuﬁ’mm?{mﬁuﬂumwma-m
vndanmiinginnmamdetinfueios lide mmaé"unﬁmmmmﬁﬂmﬁﬁmﬁyuu
MAUSVIAGAYBINTH BTl A 9T UN LB (Noise) waeaziusdeandumisinm
fedtuaznmiigosmsnmiionsuinniga Tauinetaizefoitnmanyun et ua
nmﬁﬁm:mmmmwﬁaatiwﬁ'yuil:ﬁ’mﬁw1ﬂ1wﬂjn'51n1wﬁmdw

as ¥ .:1' ] ci 9 o L) al Y [}
arssugawidlu i 1dsenhenmniideamseemnmdistafunndiedi
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Audsaums
1 o
C,(u,v) = - _ (FuMsh 2.46)
] max{‘.‘l}e,,lf(wu,j+v)—h(i,jl
1 o
C,{u,v)= . — (aumsh 2.47)
i Zi e G+ j+v)-hi, j)
i o
Cy(u,v)= . (AU 2.48)
DI [f(’ +u, jrv)- h(i,j)]2
Taofi f Ao nmideanisasFma NGt
h A9 NNADLI
\Y A0 A1 9§ IR N A WA T A A 28819
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unfi 3

mIseMILLIIAINS

3.1 nfiasInlefsnen CCD

51l 3.1.n1wnde93A loatasa 6CD
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= ey 1 é Ly ﬁy
ndaaia [oAfaen CCD (W TSUBOMI) dsilamauiiansi
1. A et upina
< 9/ o4 L4 a’ oy ey
2. lauduoinase il uand 6 aduns
i
3. A9 W@ oaflu Wnssuansy 12 Thaa
Fi
3.2 m¥aild (Card TV)
Maia e lumssuduanunnndoiia loadnaa CCD NI93A 108U (Video
o Y o A o T
in) 51 11 ansuRamas o 1l seuawans Jaf
o
3.3 inweid
g/ o ar d‘?’u ¢ A 9 ~ e qy
e lfame fdlud % dwrisdesmsinaa Tasarreinld lu Inssnuilee

¥
=1 o
1% 1Wasanszumasa 3 1aa

¥
o 1
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3.4 Mumiaveandeunsiosed

7% 3.3 il svesndasiosiaimes
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Taasundh EM780s tardrnsduAs s Tiadasaeth I dnE sl iulod
AT89C205 T Hag MAX232 0¥ 2993871003 30 Ia3 3 Toad A4 led LM3 1 7itufadhs

¥ ¥
usery mosh 1 du in@es i s mdde dal

3.6 1903V dadoynsinnsuitaneslalis ATs9C2051
Tuaewsiezszneududanfid figne
3.6.1 led MAX232, 5798 14108 MAX232 WirFudoyainpeuiiainesudaasly
#3luTnsnou Tnsamed Tauled Max232 TanEaluntsdadeyamndy 120 Alainda |
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4 ¥ o o 1
AN 3.1 M1 NUAAIHHTANTITNINTUUDIV AU MAX232

¥ Fo 51002100R
1,3 Cl1+,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,TICUT | R$-232 Driver Qutputs
8,13 RZINRITN RS-232 Receiver Inputs
9,12 | R20UT,RI1QUT RS-232 Receiver Qutputs
10,11 T2IN, T1IN RS-232 Driver Inputs
15 GND Ground
16 VCC +4.5V to +5:5V Supply - Voltage Input

=
3.6\ InsmeuInsained 15192 1950 ATS9C2051 Seilwosaldi 2 nosado wosa

¢ ‘= % s & Y W
1 yoznasa3- Intiwasas WunenineguBuNn A .oWWNWEIA (170 Port) LA
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CODE

using System;
using System.Drawing;
using System.Collections;
using System.ComponentModel;
using System.Windows.Forms;
using System.Data:
using JH.CommBase;
using DirectX.Capture;
using DShowNET;
using System.IO;
using System.Drawing.Drawing2?D;
using rtwmatrix;
using System.Threading;
namespace 3D Lasor Scanner
{
/470 <summary>
A/ Summary descristion fer Forml,
/// </summary>
public class Forml : System.Windows.¥orms.Form
{
private System.Windows,Forms.MainMenu mainMenul;
private System.Windows,.Forms.OpenFileDialog
openFileDialogl;
private System.Windows.Forms.SaveFileDialog
saveFileDialogl;
private System.Windows.Forms.Menultem menulteml;
private System.Windows.Forms.MenuItem FILE;
privatel System.Windows.Forms.Menultem Tteml;
private System.Windows.Forms.Menultem Exit:
private System.Windows.Forms.Menultem Camera;
private System.Windows.Forms.Menultem Preview;
private-System.Windows.Forms.Menultem port;
private System.Windows.Forms.Menultem openport;
private System.Windows.Forms.Label labells
private.System,Windows.Forms.PictureBox picboxl;
private System.Windcows.Feorms.Label label2;
private System.Windcws.Forms.Menultem Loadl;
private System.Windgws.Forms«.Menultem Capturel;
private Capture capture = null;
private Filters filters = new Filters{):
private System.Windows.Forms.Label label3;
private System.Windows.Forms.PictureBox picbox2;
string ImagePath;
private System.Windows.Forms.RadioButton radioButtonl;
private System.Windows.Forms.RadioButton radioButton2:

boocl o© = false;
private System.Windows.Forms.TextBox textboxl;
int

MDX, MDY, MUX, MUY, MDX2,MDYZ2 ,MUX2,MUY2, £, x1,x2,v1,¥,Y,Z2,h,a,b;



int RX=160;

int RY=120;
int IX=160;
int LY=120;

RtwMatrix ¥n = new RtwMatrix{6,32);
RtwMatrix ¥Yn = new RtwMatrix{6,32);
RtwMatrix Zn = new RtwMatrix(6,32):
private System.Windows.Forms.Label label5;
private System.wWindows.Forms.Label labelé;
private System.Windows,Forms.TextBox textbox3;
private System.Windows.Foerms.RButton button2;
bool Snapshetl = falsey
bool Snapshot2 = false;
private 8ystem.Windows.Forms.Lakbel labeld;
private System,Windews.Forms< Button Calib;
private System.Windows.Forms.TextBox textbox2:
private System.Windews.Forms.Button Clear;
private System.Windows.Forms.Label labell?;
private  System,Windows.Forms.TextBox textBoxld;
private System.Windows.Forms.Splitter splitterl;
private System,Windows.Forms.Menultem menultem3;
private System.Windows.Forms.Menultem menultemd;
private System.Windows.Torms.MenuTtem menultemZ;
private System.Windows,Forms.Menultem menultemb;
private System.Windows.Forms.PictureBox picbox4;
private System.Windows.,Forms.Button Plet:
private System.Windows.Forms.TextBox textboxd;
private System.Windows:Forms.Button Save;
private System.Windows.Forms.label label’:
private System.Windows.Forms.Picturelok picbox5;
private System.Windows.Forms.PictureBex picbhox6;
Bitmap
picl,pic2, bmpl, bmp2,; bmp3, Lasorl, Lasor?, Graypicl, Graypic?, bmp4, bmp3, bupé
,bmp7, Lasorpoeintl, Lasorpcint2;
private System.Windows.Forms.Labsl® label8;
private System,Windows, Forms.Label labeld;
private System,Windows.Fcrms.Menultem menultemb;
private System.Windows.Forms.Label labellOs
private System,Windows,Forms.Label ‘labelll;
private System.Windows.Forms.Menultem Lasor;
Point pointl = new Polinti{0,0);
Point point2 =.new Point(0,0%};
private System.Windows.Forms.Panel panell;
private int piccountl = 1;
private int piccountZ = 1
private int piccountl ls 1;
private int piccountZ_ls 1;
private System.Windows.Forms.Label labellZ;
char A,B,C,D,E;
private System.Windows.Forms.Button Left;
private System.Windows.Forms.Button Right;
private System.Windows.Forms.CheckBox Laser;
private System.Windows.Forms.Button button3d:
private System.Windows,Forms.Button buttond;

Il ~a

I



private System.Windows.Forms.Buttan auto;

private System.Windcws.Forms.Button buttonl:

private System.CompcnentMcdel.IContainer components:;

//private System.Windows.Forms.Timer timerl = new Timer{);

//private int timer count = 0;

private System.Windows.Forms.Timer timerl =
System.Windows.Forms. Timer!);

private bool running = false;

private bool right move = true;

private bool lefif move = false;

private int step,m;

new

private System.Windows.Forms.Label
private 8ystem.Windews.Forms.Label
private System.Windows.Forms. Label

dir label;
row, label;
step label;

private int xeld,yold,zold;
private beol netfirsttime =false;
public Forml ()
{

¥

/{ Required for Windows Ferm

¥ A

InitializeComponent () ;

firimerliInterval = 1000;

picboxl.MouseMove += new
MouseEventHandler(picboxl MouseMove)

picboxd .MouseMove += rnew
MouseEventHandler (pickoxrZ MougeMowve) s

plcbhboxl.Mouselown += new
MouseEventHandler (picboxl Mouselown);

//picboxl.MouselUp
McuseBEventHandler (picboxl Mouselp);

picbox2TMouseDown += new
MouseEventEandler (picboxZ MouseDown) ;

//this.timerl.Tick += new EventHandler(StopTimer):

//picbox? . MouseUp ~ 4= new
MouseEventHandler (picboxZ MouseUp]:

;i

4/ TODO:.-Add any constructor code after
TnitializeComponent call

!/

timerl.Interval =-13000;

//timerl,Interval = 500;

this.timerl.Tick += new EventHandler(timerl Tick);

Dasigner-support

+=_nNew

b

/// <summary>
/// Clean up any resources being used.
/77 </summary>
protected override void Dispose( bool disposing )
{

if{ disposing )

{

SerialClass.serial.Close();



if (components != null)
{
components.Dispose ()
1
}
base.Dispose!{ disposing );
}

#region Windows Form Designer generated code

/77 <summary>

/// Required method fer Designer support - do not modify
//{ the contents of this method with the code editor,
£/ </ summary>

#endregion

/47 <summary>
/// The main entry point fox the application.
/4 <jsummary>
[STAThread]
static void Main(}
{
Bpplication.Run (new Forml(});
t

private vold Forml Lcad(chject sender,System.EventArgs e)
{
Form?. form?2 = new Ferm2{):
forme MdiParent = this:
form2. Shaw();
}
private yoid updateMenull
{
Menultem m;
Filter £;
Control coldPreviewwindow = null;

// Disable preview to avoid additicnal flashes

{cptional)
if  capture !=null y
{
oldbreviewWindow = capture.PreviewWindow;
capture.PreviewWindow = null;
}
// Load videc devices
Filter videoDevice = null;
if ( capture != null }
videoDevice = capture.VideoDevice:
Camera.Menultems,.Clear ()
m = new Menultem{ " (Ncne)”", new
EventHandler (Camera Click) )
m.Checked = { videoDevice == null );

Camera.Menultems.Add{ m };



ct++ )

for { int ¢ = 0; ¢ < filters.VideoInputDevices.Count;

f = filters.VideoInputDevices([c];
m new Menultem({ f.Name, new

Il

EventHandler (Camera Click) ):

m.Checked = { videcDevice == )
Camera.Menultems.Add( m };

}

Camera.Bnabled = ( filters.VideoInputDevices.Count >

0 )i
// Check Preview menu option
Preview.Checked = [ oldPreviewWindow != null );
Preview.Fnabled = ( capture-!= null )
// Reenable preview 1f it was enabled hefcre
if ( capture != null )
capture.PreviewWindow = oldBreviewWindow;
1
private void Exit Click(ebject sender, System.EventArgs e)
{
if-(-gapture != null ) capture.Stop(}:
Application.Exit{);
}
private void Camera Click{cbject sender, System.EventArgs
e)
{
try
{
//0Get current devices and dispose of capture
chiject
/1 bacause thewvideo ahd audio devige can only
be changed
// by creating a new Capture cbject.
Filter videoDevice =-null;
Filter ‘audiebevice = nullsy
1f. ( capture != null
{
videoDevice = capture.VideoDevice;
capture.Dispose():
capture = null;
} .
// Get new video device
Menultem m = sender as Menultem;
videoDevice = ( m.Index>0 ?
filters,VideoInputDevices{m.Index~-11 : null );

// Create capture object
if { videoDevice != null )



capture = new Capture!{ videcDevice,

audiolevice };
}
// Update the menu
updateMenu() s
1
catch {(Exception ex)
{
MessageBox.Show( "Video device not
supported.\n\n" + ex.Message + "\n\n"-+.ex,ToString() );
}
}
private void Preview Click(object-sender, System.EventArgs
2)
{
/Y panel Video = new Panel ()

try
{
1f { capture.,PreviewWindow == null '}
{
//capture.Previewdindow = Video;
dapture.PreviewWindow = ‘panell;
Preview.Checked = true;

else

capture. PreviewWindow = null;
Preview,Checked = falsey
)
1
catch (Exception ex)
{
MessageBox.Show( "Unable to enable/disable
preview. Please submit a bug report.ini\n" + ex.Message + "Ani\n" +
ex.TosString() )’
b
Capturel.Enabled = true;
}

private void openport_Click(object sender, System.EventArgs

{

SerialClass.settings.SetStandard("COMl:",9600,CommBase.Handshake.
none) ;
if {SerialClass.serial.Cpen(}}
{
¢ = true;
}
else

{



MessageBox.Show ("FAIL") ;

}

// CHECK CAMERA1 OR CAMERAR
private void radicButtonl CheckedChanged{object sender,
System.EventArgs e)

if (0o == true)

SerialClass.serial.SendByte {0x01};

MessageBox. Show ("FAILY") ;

private. void radioButton2 CheckedChangedi{object sender,

System.EventArgs e)
{

if (¢ == trusg)

SerialClass.serial.3endByte (0x02);

MessageBoX.Show("FATL") ;

[/ MOUSEMOVE
private void pickoxl MouseMove (cbhbject
sender, System.Windocws. Forms.MousekventArgs &)

{
labell0.Text ="(" + e X . ToString )+ ", " +

e.Y.ToString{)+ ™)'
}

private veid pichox? MouseMeove (object
sender, System.Windows.Forms . MouseEventaArgs e}

{
labelll.Text = "™("™ + e.X.ToString(}+ "," +

e.Y.ToString{)+ ") ";
}

// SNAPSHOT
private void button? Click{object sender, System.EventArgs

{
if {radicButtenl.Checked == true)

{
Snapshotl = true;

}



else
Snapshot?2 = true;
}
private void Capturel Click(object sender, System.EventArgs

{
Capturel.Checked = true;
capture.FrameEventZ += new
Capture,.HeFrame (CaptureDone) ;
capture.GrapImg(};
}

private void-CaptureDone(System,Drawing.Bitmap e)
{
if (Snapshotl)
i
Snapshotl = false;
if {!Laser.Checked)
{

e.Save {"orlginall "tpiccountl ls.TeString()+".bmpl);
picl = new
Bitmap(Image.FromFile{"originallw"+piccountl_ls.ToString(}+“.bmp")):

pickoxl.Image = picl;
plccountl 1s++;

}

else

{

e.Save("cameral "+piccountl.ToString()+".bmp™)
picl = new
Bitmap (Image.FromFile ("cameral "+piccountl.ToString )+, bmp™ ) ;
picboxl.Image = picl;:
piccountl++;
}
}
if “(Snapshot?2)
{
Snapshot2 =-false;
1f (!Laser.Checked)
{

e.Save("originalZ "+piccountZ ls.ToString()+".bmp");
plcZ = new
Bitmap(Image.FromFile{"original2 "+piccountZ ls.ToString(}+".bmp")):
pickox2.Image = pic2;
piccount? lst++;

alse



e.S5ave {"cameraz "+piccount2.ToString{)+".bmp"};
picZ = new
Bitmap(Image.FromFile ("cameraZ "+piccount2.ToString(}+".omp™));
picbox2.Image = pic2:
piccountZ++;

}

// SAVE PICTURE OF CAMERA]L

private vold menultemZ Click{object sender,
System.EventArgs e)

{

if (saveFileDialogl.ShowbDialog()=="DialogResult.OK)
{

string. strPath;
strPath=saveFilelRialogl.FileName;
pickeox]l.Image.Save(strPath)

i

/ /0 SAVE PICTURE CF, CAMERAZ

private void menultemd Click{object sender,
System.EventiArgs e)

{

if (saveFileDialogl.ShowDialog{)== DialogResult.OK)
{

string strPath;

strPath=saveFileDlialogl.Filelame;
picboxd.Image. Save(strPath) ;

¥

/77 LOBD PICTURE FOR CAMERAL

private void menultem3 Click{obiect sender,
System.EventArgs e}

{

Clearpit ()
menultem3.Checked= true;
if “(openFileDialegl.ShowDialeg()== DialcgResull.CK)

{
ImageFPath=openFilelialogl,.FileName;

bmpl=new Bitmap(Image.FromFile (ImagePath}];
picboxl.Image=bmpl;
picl = bmpl;

1

// LOAD PICTURE FOR CAMERAZ

private void menultemd4 Click{(object sender,
System.EventArgs e)

{
Clearbit{}:



menulitemd.Checked = true;
if (openFileDialogl.ShowDialog()== DialogResult.OK)
{
ImagePath=openFileDialogl.FileName;
bmp2=new Bitmap(Image.FromFile (ImagePath));
picbox2. Image=bmp2;
pic2 = bmp2;

}

// CALCULATE THE CCCRDINATES (X,Y,Z)
private veoid Calik Click(object sender, System.EventArgs e)
{

calculate () ;

1

private void-Clear Click(cbject sender, System.EventArgs e)
{

texthoxl. Text T &

textbox2.Text =" ;
textbox3.Text - = " ';
textboxd.Text = ™.";:
textBoxld . Text =" ";
a=4{;

picboxzd.Image =, new Blitmap(320,240);
plcbox5.Image new Bitmap (160,120} ;
picboxé. Image new Biltmap (160, 120);

i

}
private void Clearbit{)

{

menultem3. Checked false;
menultems .Checked = false;
}

//SAVE THE COORDINATES (X,Y,7)
private veoid Save Click{object sender, System.EventArgs e)

{
save, coordinate();

1

private veid Elot Click(object sender, System.EventArgs e)

{
plet ()

}

private void Lasor Click(object sender, System.EventArgs e)
{

laser():

}

private void Left Click(object sender,
System,Windows.Forms.MouseEventArgs e)

{
motor left();



}

private vold Left UnClick(object sender,
System.Windows.Forms.MouseEventArgs e)
{
motor stop ()
}

private veid Right Click(okject sender,
System.Windows.Forms.McuseEventArgs e)
{
motor right ()s
}

private vold Right UnClick{cblect -sender,
System.Windows, Forms.MouseEventArgs &)
{
meLor stop ()i
}

private void lLaser CheckedChanged (object sender,
System.EventArgs e)
{
if o == /true}
{
if (Laser.Checked)
SerialClass.serial.SendByte (0x05);
else
SerialClass.serial .SendByte (0x06) ;

else

MessageBox. Show (''FAIL"} ;

—_—

1

private veid button2 Click{object sender, System.EventArgs

{

mcter up{);

}

private void buttond Click{cbject sender, System.EventArgs

{

motor down();

}

/77 <summary>
Iy
FIIITITIE 7L 7 i iid it i dpidii]idisidsdiiiiiiiiiiiriiriririlifiiiiiiiity
FIPEIEEEEIITiriiilry
/// </summary>
private veoid cameral ()



{
SerialClass.serial.SendByte (0x01);

I

private void camera?2 ()
{

SerialClass.serial .SendByte (0x02);
}

private vold snapshotl ()

{
Snapshctl = trues

1

private void snapshotZ ()

{
Snapshot2 = true;

}

private wvoid calculate()
{

i - K7

h o = 67;//75cm=>1cm=5.5; 8BO0cm=>1cm=5 {wud
emm) ; 47cm=>1cm=8, 33;40cm=>1cm=9.5; 3%cm=>1cm=12;

x1 = MDX ;

X2 = MDXZ;

vl = MDY °;

7 = Math.Abs{(2*h*L/(%2-x1)};

¥ o= Math.Bbs{{Z2*x1)y/f -h);
Y  =-Math:Abs{{Z*v1)/f -h):
if (notfirsttime)
{
if (Math.Abs(Z-z0ld) > 15%)
{
2 = zold;

}
ifo(Math.hbs{X-®old) > 3)

{
if (rightomove}
{
¥ = xold+1;
}
else
{
X = xold-1;
}
}
}
textbox2.Text = " (" +
X.TeString () 4", "+Y.ToString () +", "+Z.ToString (}+"}";
xold = ¥%;
zold = Z:

notfirsttime = true;



t

private void save_coordinate()

{

double y2;
Xnla,bl = X;
Y = 240-Y;

Ynla,k] = Y
inla,b] = Z;
¥2 = ¥n[0,0] + a + a;

textboxd.Text += " (" + Xn[a,b].ToeString{)
y2.ToString () + "," + Znla,b] . ToString{) + "™k + "\n";
b=b+1;
If Ab==32)
{
a=a+tl;
b=0;

}

private void plot ()

{
/*this, Hide {);
Foerm2 form2 = new Form2 () ;
form2. Show () ;*/

U0+

Graphics g = Graphics.FromHwnd(picbox4.Handle):

Fen pn = new Pen(Color.Blue,2);
pn.Dash8Styvle = DashStyle.Solid:
1IN &
for{i=0;1i<6;1i++)
for(3==0;7<31;)++)
{

PointE pl = new
PointF(¥Xn[i, §1e (Zn(i, 3T+ (2*5)¥/3);
PeintF pl = new

PointFP(Xn (i, 3+17 ,0Zn (1,342 +(1%50)/3)+
g.Drawline{pn,pC,pl):
}
pn.Digpose () ;
g.Dispcsel};

}

private void laser!()

{

int

i,j,ii,k,1,Celorl,CclorZ,Color3,Colord,Grayimagel, Grayimage2,Grayimage3

,Grayimaged,Grayimage5, Grayimageb;

Lasorl = new Bitmap(picl.Width,picl.Height);
Lascr2 = new Bitmap(pic2.Width,pic2.Height);
Lascrpointl = new Bitmap(Lasorl.Width,Lasorl.Height);
Lascrpoint? = new Bitmap(Lascorl.Width,Lasorl.Height);

int piccountl_ls_buf = piccountl 1s - 1;
piccount2 1s - 1;

li

int piccount2 ls buf



bmp3 = new
Bitmap(Image.FromFile ("D:\\Project\\projectdc\\Program\\C#\\3D Lascr
Scanner new4\\3D Lasor
Scanneri\bin\\Debugi\originall "+picecountl 1s buf.TeString()+".bmp"});
bmp4 = new
Bitmap(Image.FromFile ("D:\\Projecti\\projectd4c\\Program\\C#\\3D Lasor
Scanner newd\\3D Lasor Scanneri\bin\\Debug\\Lasor.bmp"}};
brop5 = new
Bitmap (Image.FromFile ("D:\\Projecti\\projectdc\\Program\\C#\\3D Lasocr
Scanner newd\\3D Lasor
Scannerii\bin\\Debughhoriginal2 "+picccunt? 1s buf.ToString{)+".bmp"});

bmpé = new
Bitmap(Lasorpointl. Width/2, Tasorpointi.Height/2);
brp? = new

Bitmap (Lasorpeint2«Width/2, DascrpointZ Height/2);
Graypicl =-new Bitmap{pichboxl . Image};
Graypic? new- Bitmaplpicbox2.Image) ;

i

// Originall Grayscale
for{i=0;i<bmp3 Width:i++)
for{]1=0;4<bmp3 Height;j++)
{
Grayimage3 =
Math.Abs { {bmp3.GetPixel (1,§} R+ bmp3.GetPixel (1,J)iG +
bmp3.GetPixel{i,37:B)/3);

bmpB.SetPixel(i,j,Color.FromArgb(Grayimage3,Grayimage3,Grayimage3

V)i
}

// Picl Grayscale
for(i=0;i<Graypicl . Widthyi++)
for {1=07:<Graypicl.Heightsg++)
{
Grayimagel =
Math.Abs{ (Graypicl.GetRBixel (i, )+R _+ Graypicl.GetPixel{i,j}.G +
Craypicl.GetPixel (1,3).B) /31

Graypicl.SetPixel(i,j,Color.FromArgb(Grayimagel,Grayimagel,Grayim
agely )i
¥

// Originall-Picl
for (1=0;i<bmp3.Width;i++)
for(j=0;j<bmp3.Height:j++)
{
Graylmaged =
Math.Abs ( (bmp3.GetPixel {i,).R - Graypicl.GetPixel(i,J).R}};

Lasorl.SetPixel(i,j,COIOr.FromArgb(Grayimaqe4,Grayimage4,Grayimag
edl));
}

// Detect Coordinate_picboxl



11=255;
for(j=30:j<60;j++)
for{(i=170;1<310;1i++)
{
k=0;1=0;
Colorl = Math.Abs(((bmp4.GetPixel (k,1).R
- Lasorl.GetPixel (i,]).R}+(bmpd.GetPixel (k,1+1).R -
Lasorl.GetPixel (i,j+1).R)+ (bmpd.GetPixel (k+1,1).R -
Lasorl.GetPixel (i+1,]).R)+{bmp4.GetPixel (k+1,1+1).R -
Lasorl.GetPixel (i+1,J41).R))/4);
if( ii > Colorl)
{
ii = Colorl;
pointl.¥X = i;
MDX = pointl.¥;
pointlly ="7;
MDY = pointl.Y:
¥

Lasorpointl.SetPixel(i,j,Color.FromArgb(Colorl, Colorl,Colorl)s;
}
i=073=0;
for(i=0;i<{(Lasorpointl.Width) /2:i++)
for(j=0:j<({Lasorpointl.Height) f2¢j++}

{
Coleor3d = Lasorpointl.GetPixel (2%i,2%7).R;

bmpérSetPixel (i, d,Coler. FromArgh{Color3, Coclor3, Color3)n;

}
pichox5.lmage bmp6;
textboxl.Text = "{" + peointl.X.ToString{} + "," +

pointl.Y.ToString (b + M) ";

FESESESTLTIAL L L E L TE LD L PP A EET AT BT PP PR TR iy
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/7 Original2 Grayscale
for{i=04i<bmpS.Width;i++)
for (=0 <bmpS.Haeighty j++)
{
Grayimageb =
Math.Abs{ {(bmp5.GetPixal (i, j) .R + bmp5.GetPixel (i,]).G +
bmpS.GetPixel (1,73).B}y/3):

bmp5.SetPixel (1, ],Color.FromArgb{Grayimage6, Grayimaget, Grayimageé

Y):
}

// Pic2 Grayscale

for {(i=0;i<Graypic2.Width;i++)
for (§=0:j<GraypicZ.Height;j++)
{



Grayimage? =
Math.Abs ({Graypic2.GetPixel (i,3}.R + Graypic?2.GetPixeli(i,j}.G +
Grayplic2.GetPlxel{i,]).B}/3);

GraypicZ.SetbPixel (i,]J,Color.FromArgb (Grayimage?, Grayimage2, Grayim
ageZ});
}

// Orlginal2-PicZ
for{i=0;i<bmp3.Width;it+)
for(i=0;j<bmp3.Height;j++)
{
Grayimagebh =
Math,Abs { (bmpt.GetPixel (i,3).R -~ Graypic2.GetPixel(i,J).R));

Lasor?,8etPixel {i,3,Cclor.FromArgb({Grayimageb,Grayimageb, Grayimag
e3) )i
¥

/{ Detect Coordinate picbox?
11=255;
for(j=30:;3j<60; j++)
for({i=10;1<150;1++)
{
k=0;1=0,
Color2 = Math.Bbs({{bmpd.GetPixel(k,1}.R
- Lasor?.GetPixel {i,J) . R)+ (bmpd.GetPixel (k,1+1).R =
Lasor?.GetPixel (i, J+1}«R)+(bnpd.GetPixel (k+1,1).R -
Lasor?.GetPixel (1+L/3) . . Ri+{bupd.GetPixgel(k+l, 1+1} R -
Lasor2,GetPixel (1+1,J+1} .R})/d)z
if( 11 » Color2)
{
i1 = Colaor2;
pocint2 XK= iy
MDXZ = pointZ.X;
point2 Y =-Jj;
MDY2-= point2.Y;
}

Lasorpeint2.Setkixel (i,],Cokor, FromArgb{Coloeri,Color2, Color2));
}
1=0;3=07
for (i=0;i<{Lasorpoint2.Width)/2;1i++)
for{j=0;j<{Lascorpoint?.Height)/2;j++)
{
Colord = Lasorpoint2.GetBixrel {2¥1i,2%)).R;

bmp?.SetPixel(i,j,Color.FromArgb{Color4,ColorQ,Colord));
}
picboxé.Image = bmp7?;
textbox3.Text = "{" + point2.X.TeString() + "," +
point2.Y.ToeString{} + ")";
}



private void motecr left{)
’

SerialClass.serial.SendByte (0x03);
}

private vold moter right()
{

SerialClass.serial.SendByte (0x04);
}

private void motor_stop()
{

SerxtalClass.serial.SendByte(Qx00;;
1

private void-laser -on(}
{
SerialClass.serial.SendByte({0x05);

}

private woid laser offf)
{
SerialClass.serial.SendByte (0x06) 7

1

private void moter up{)
{

J/MSCcommls Cutput = "@ul20000"

byteil cmd up =

{0x40,0x75,0x6c, 0x32, 0x30,0x30,0830,0%30};
byte vi;
for {i,= 0y 1. < 8; i++)
SerialClass.serial. SendBytel{cmd upfil]):

}

private void moter dewn ()
i

F/MSComml . Cutput =-"&@d120000"

byte[l cmd dw =

{0x40,0x64, 0xbc, 0x32,0x30, 0x30, 0x30,0x30);
byte i
for (i =.0; 1< 8; d+4+)
SerialClass.serial.SendByte(cmd dwl[i]);

1

private void delay(int delay 100ms)

{
Thread.Sleep(l00*delay 100ms);

private void original snapshot {}
{

cameral{):;

delay(5);

Laser.Checked = false;



laser off();
delay(5);
snapshotl ()
delay(5});
this.Update ();
Laser.Checked = true;
laser on{();
delay ({5}
snapshotl{) ;
delay(5);
this.Update ()

cameraz{};
delay(5);
Laser.Checked = false;
laser off ()
delay{thy;
snapshot2 )
delay(5);
this.Update();
Laser.Checked = true;
laser _onf():
delay (5);
snapshota () ;
delay{5h);
this.Update(}:;
laser{);
calculate{};
save coordinate():
delay(5):
this . Update();
delay(3):

}

private void auto Click(object sender, System,EventiArgs e)
{

if “{running)

{
running = false;
Ttimerl.Ensbled = false;
autc.Text = "Auto";

else
running = true;

timerl.Enabled = true;
auteo.Text = "Stop";

}

private void buttonl Click(cbject sender, System.EventArgs

{



TextWriter txtfile

new StreamWriter ("result.txt");

txtfile.Writeline{"3D Laser Scanner Project");

txtfile.Writelline("By Jutarat
txtfile.Writeline{"Faculty of

& Thikhamporn 4C");
Flectronic KMITL"):;

txtfile. . Writeline("Xn = [ " + Xn.ToString{()+" 1;"}):
txtfile. . Writeline("Yn = [ " + Yn.ToString{}+" 1;:");
txtfile.WriteLine("Zn = [ " + Zn.ToString{)+" 1:"):

txtfile.WritelLine ("Created at " +
txtfile.Close!() ;

}

DateTime.Now) ;

private void timerl Tick{ebject sender, EventArgs e]

{
original snapshot{};
if (stem <-31)
{
Tf
{

(right move)

motor right ()
dir label . Vext
b
if {left _move)
{
motor left{):
dir label.Text
¥
}
step label. Text
row \label.Text

step++;
if (step == 32)
{
step = 07
M+;

motor, up (3
if {(right _move)

i

nright";

llleft";

step:ToString{):
m.toString{);

right move = false;
left meve = truey
i
else
{
right-move = true;
left _move = false;
1
}
if (m == 6)
{
timerl.Enabled = false;

auto.,Text = "Autc";

MessageBox.Show ("Finish");
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T4HCS573; 7T4HCTS573

Octal D-type transparent latch; 3-state
Rev. 03 — 17 January 2006 Product data sheet .

1. General description

2. Features

The 74HC573; 74HCT573 is a high-speed Si-gate CMOS device and is pin compatible
with Low-power Schottky TTL (LSTTL).

The 74HC573; TAHCTS73 has octal D-type transparent latches featuring separate D-type
inputs for each latch and 3-state true outputs tor bus oriented applications. A latch enable
(LE) input and an output enable (OE) input are.common to ali latches.

When LE is HIGH, data alt the Dn inputs enter the latches. In this condition the tatches are
transparent, i.e. a latch output wilf change state each time'its corresponding D input
changes.

When LE is LOW the latches store the information that was present atthe D-inputs a
set-up time preceding the HIGH-to-LOW transition of LE, When OE is LOW, the contents
of the 8 1atches are avaiiable atthe outputs. When OF is HIGH, the outputs go to the
high-impedance OFF-state. Operation ofthe OE input doesnot affect the state of the
latches.

The 74HC573; TAHCT573 is functionally identical to:

¢ 7AHCS583; T4HCTS63, but inverted outputs
e 74HC373; 74HCT373, but different pin arrangement

Inputs and outputs on opposite sides of package allowing easy interface with
MICroprocessors

Useful-as input or output port for microprocessors-and microcomputers
3-state noncinverting outputs for bus oriented applications

Common. 3-state output enable input

Functionally identical’to 74HC563; 74HCT563 and 74HC373; 74HCT373
Complies with"JEDEC standard no. 7A

ESD protection:

+ HBM EIAJ/JESD22-A114-C exceeds 2000 V

& MM EIA/JESD22-A115-A excesds 200V
W Specified from —40 °C to +85 °C and from —40 °C to +125 °C

PHILIPS



Philips Semiconductors | 74H0573, 74HCT573

. Octal D-type transparent latch; 3-state

3. Quick reference data

Table 1:  Quick reference data
GND =0V, T =25°C L=ty=6ns

Symbol Parameter Conditions Min Typ Max  Unit
T4HCS573
tPHL, propagation delay ~ Vee =5V, CL = 15 pF
teLH Dnto Qn - 14 - ns
LE to Qn - 15 - ns
Ci input capacitance - 3.5 - pF
Ceo pawer dissip;tion per latch; m- 2 - pF
capacitance Vi = GNO to Vo
74HCT573
tPHL, prohagation delay : Voo =5V CL= 15 pF
ey Dato Qn . 7. - ns
LE to Qn- . 150 4, - ns
Gi input capacitance - 35 - pF
Cpp power dissibzgtion per latch; [ - 26 - pF
capacitance V)= GND to (Veg - 1.5 V)

[1] Cpp is used to determine the dynamic power dissipation. (Pp in uW).
Pp=Cep x Vo2 x fi x N + T(C  Viee? x f) where:
fi = input fraquency in MHz;
f, = output-frequency in MHz;
C, = output load-capacitance in pF;
Ve = supply voltage in V,
N = number of inputs switching;
T(C| ® Vg2 x fo)= sum of oulputs.

4. Ordering information

Table 2:  Ordering information

Type number lPackage
1Temparature range [Name Description lVersion

T4HC 573

7T4HC573N -40°Cto +125°C DIP20 plastic dual in-line"package; 20 leads (300 mil} ~ SOT146-1

TAHCET3D -40°Cta+125°C  S020 plastic small outline package; 20 leads; S$0OT163-1
body width 7.5 mm

74HC573DB ~40 °C to +125°C SS0P20 plastic small outline package; 20 leads; SOT339-1
body width 5.3 mm

T4HCS73PW _AQ°Cto+1256°C  TSSOP20 plastic small outline package; 20 leads; SOT360-1
hody width 4.4 mm

74HC573BG _40°Cto +125°C  DHVQFN20 plastic dual in-line compatible thermal enhanced SQT764-1

very thin quad flat package; no leads;
20 terminals; body 2.5 % 4.5 x 0.85 mm

Product data sheet Rav, 03 — 17 January 2006 2 of 26



Philips Semiconductors

74HC573; 7T4HCTS573

N

Table 2:  Ordering information ... continued

Octal D-type transparent latch; 3-§taté

Type numbaer Package
Temperature range (Nama Description iVersIon
7T4HCTST3
T4HCTS73N -40°Cto+125°C  DIP20 plastic dual in-line package; 20 leads (300 mil)  SOT146-1
T4HCT573D —40 °C to +125 °C 5020 plastic small outline package; 20 leads; SOT163-1
body width 7.5 mm
T4HCT573DB -40°Cto +125°C  SS0OP20 plastic small outline package; 20 leads; , S0T339-1
body width 5.3 mm
T4HCTS73IPW —40°C to +125 °C TSSOP20  plastic small outline package; 20 leads; SOT360-1
body width 4 4 mm
74HCTS73BQ 40 °C to +125°C~ DHVQFN20 plastic dual in-line compatible thermal enhanced SOT764-1
very thin/quad flat package; no leads;
20 terminals; body 2:5 x 4.5 x 0,85 mm
5. Functional diagram
2| Da IA((K Qo |19
3| D1 = t Q1118
4 D2 KoXe | az (17
5403 —f yaTcH b aistate 3318
6| D4 18 ___4 OUTRUTS | Q4115
7 D5 fay| | Qs |14
8106 189 2 Q6|13
g D7 a7 |12
i fie T
1| OE
mnasos
Fig 1. Functional diagram
T4HC HCT573 3 © Kominkiijke Philips Eb ice M.V 2008. Al rights reserved

Product data sheet
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Philips Semiconductors

74HCS573; 74HCT573

_}

Octal D-type transparent latch; 3-state

Fig 4. Logic diagram

1
LI P
RN EN1
_ 4 _
\ OE 2 fyp P 18
2o ao -2 3 18
3 18 —— —=
1Y o 4 17
—Ho2 a2 L o —
5 1ps a3 |8 2 | e
6 | D4 fe) | 15 6 15
T los as 1L 7 14
% s Qe '-:3“ 8 13
o7 LE g oy, | |12
11 mra867 nadoe
Fig 2. Logicsymboi | Fig 3. IEC logic symbaol
0o D1 bz D3 D4 D5 06 D7
E o Q & D_.Q B D - Q —| D Q —-| D Q '—7 [ ] —1 D Q —] D Q
LATGH LATGH LATCH LATCH LATGH LATCH LATCH LATCH
1 2 3 4 5 ] 7 8
LE LE LE LE LE LE LE LE
P — 1 ] 1 ] i I
OE «Dcﬁ
Q0 a1 Q2 Q3 Q4 Q5 Qb ar
001888075

T4HC, HET573.3

© Koninkdijke Philigs Elecironics N.V. 2006. Al rights resaryed.
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Features

Compatible with MCS-51" Products

2K Bytes of Reprogrammable Flash Memory
- Endurance: 1,000 Write/Erase Cycies

2.7V to 6V Operating Range

Fully Static Operation: 0 Hz to 24 MHz

Two-level Program Memory Lock

128 x 8-bit Intemal RAM

15 Programmable {/O Lines

Two 16-bit Timer/Counters

Six Interrupt Sources

Programmable Serlal UART Channel

Direct LED Drive Qutputs

On-chip Analog Comparator

Low-power |dle and Power-down Modes

4 & ® 9 9 ® 9 9 & s @

Description

The ATBIC2051 is a low-voltage, high-performance-CMCS 8-bit' microcomputer with
2K bytes of Flash programmable and erasable rgad only memory (FEROM). The
device is manufactured using Atmel's high-density nonvolatile memary technology
and is compatible with the industry-standard MCS-51 instruction set. By combining a
versatile 8-bit CPU with Flagh on a monolithic chip, the Atmel AT88C2051 is a power-
ful microcomputer which providesa highly-flexible and cost-effective solution ta many
embedded control applications.

The AT89C2051 provides the following standard features: 2K bytes of Flash, 128
bytes of RAM, 15 /O lines, two 16-bit timer/counters, a five vector two-level interrupt
architecture, a full duplex serial port, a precision analog comparator; on-chip oscillator
and clock circuitry. In addition, the AT89C2051 is designed with static logic for opera-
tion down to zero frequency ‘@and supports two software selectable power saving
modes. The Idle Mode stops the CPU while allowing 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 functichs untif the next
hardware reset.

Pin Configuration

PDIP/SOIC
L

RSTAPP 1 200vGe

(RXD) P3.0(] 2 19 P17

{TXD) P3AT] 3 1BOP1B

XTALZ2 )4 17QP16

XTALI O & 16 P14

(INTD) P32 6 15OP1.3

(NTT) P3.30]7 140P1.2
(Toy P48 13 [JP1.1 (AINT)
(T1)P35[]9 12 [0 P1.0 (AINO)

gND O 10 11 P37

ATTEL

4G

8-bit
Microcontroller
with 2K Bytes
Flash

AT89C2051

Rev. 036BE-02/00



Block Diagram
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Pin Description

VCC
Supply voltage.

GND
Ground.

Port 1

Port 1 is an B-bit bi-irectional /O port. Port pins P1.2 to
F1.7 provide internal pullups, P1.0 and P1.1 require exter-
nal pullups. P1.0 and P1.1 also serve as the positive input
(AINO) and the negative input {AIN1), respectively, of the
on-chip precision analog comparator. The Port1 output
butters can sink 20 mA and can drive LED displays directly.
When 1s are written to Port 1 pins, they can be used. as
inputs. When pins P1.2 to P1.7 are used as inputs-and are
externally pulled low, they will source current (I, ) because
of the internal pullups.

Port 1 also receives code data during Flash programming
and verification.

Port 3

Port 3 pins P3.0 to P3.5, P3.7 are seven bi-irectional 1/O
pins with internal pullups. P3.6 is.hard-wired as an inputto
the output of the on-chip comparator and-is not accessible
as a general purpose /O pin.. The Port 3 output buffers can
sink 20 mA. When 1s are written to Port 3 pins they are
pulled high by the internal pullups and-can be used as
inputs. As inputs, Port 3 pins that are externally being
pulled low will source curtent (ly ) because of the pullups.

Port 3 also serves the functions of various special features
of the ATBZC2051 as listed below:

Port Pin Alternate Functions
P3.0 RXD (serial input port)
P3.1 W TXD (serial autput port)
Pa.2 INTO (external interrupt 0)
P3.3 INTT (external interrupt 1)
P34 To (timer 0 external input)
P3.5 T1 (timer 1 external input)

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

RST

Reset input. All I/O pins are reset to 1s as soon as RST
goes high. Holding the RST pin high for two machine
cycles while the oscillator is running resets the device.

ATmEL

Each machine cycle takes 12 osciliator or clock cycles.

XTAL1

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

XTAL2
Output from the inverting oscillator amplifier.

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 quarz
crystal or ceramic.resenator may be used. To drive the
device from an external.clock source, XTALZ should be left
uncohnected while XTAL1 is driven as shown in Figure 2,
There are no fequirements 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 voltagse high and low time specifications must be
observed.

Figure 1. Osciliator Conneclions

XTAL2

XTALA

GND

C1,C2 =30pFE 10 pFfor Crystals
= 40.pF+ 10 pF for Ceramic Resonators

Note:

Figure 2., External Ciock Drive Configuration

NG ———— XTALZ
EXTERNAL
OSCILLATOR XTALI
SIGNAL

e GND
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Special Function Registers
A map of the on-chip memory area called the Special Func-
tion Register {SFR) space is shown in the able below.

Note that not all of the addresses are occupied, and unoc-
cupied addresses may not be implemented on the ¢hip.
Read accesses to these addresses will in genearal return

Table 1. AT39C2051 SFR Map and Rese! Values

random data, and write accesses will have an indetermi-
nate effect,

User software should not write 1s to these unlisted loca-
tions, since they may be used in future products to invoke
new features. In that case, the reset or inactive values of
the new bits wiil always be 0.

OFgH | OFFH

OFOH B | oF7m
00000000

OE&H OEFH

OEOH |  ACC 0E7H
00000000

0DBH ODFH

ODOH |  PSW 0D7H
00000000

0C8H OCFH

0COH | oCTH

i

0B8H r‘ P OBFH
XXX00000

0BOR P3 0B7H
11111111

0ABH IE OAFH
OXX00000

0ADH 0A7H

98H | SCON SBUF 9FH
00000000 | XXXXXXXX

90H P1 97H
11111111

B8H | TCON TMOD TLO TLI THO TH1 8FH
00000000 | 0000000C | 00000000 | GO0ODOOO | 00000000 | 00000000

8OH sP DPL DPH PCON | B7H

00000111 | 0ODOOOCO | 00D00OOO 0XXX0000

ATEOC 205 s ————
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Restrictions on Certain Instructions

The AT89C2051 and is an economical and cost-effective
member of Atmel’s growing family of microcontrollers. It
containg 2K bytes of flash program memaory. It Is fully com-
patible with the MCS-51 architecture, and can be
programmed using the MCS-51 instruction set. However,
there are a few considerations one must keep in mind
when utilizing certain instructions to program this device.

All the instructions related to jumping or branching should
be restricted such that the destination address falls within
the physical program memory space of the device, which is
2K for the AT89C2051. This should be the responsibility of
the software pragrammer. For example, LJMP 7EQH
would be a valid instruction for the AT89C2051 (with 2K of
memory), whereas LUMP 300H would not.

1. Branching Instructions:
LCALL, LUIMP, ACALL, AJMP, SIMP, JMP-@A+DPTR

These unconditional branching instructions will execute
correctly as long as the programmer keeps in-mind that the
destination branching address must fail withinthe physical
boundaries of the program memory size (locations 00H 1o
7FFH for the 89C2051). Violating the physical space limits
may cause unknown program behavior.

CJNE[...], DINZ [...], JB, JNB, JC, JNC; JBC, JZ, JNZ With
these conditional branching instructions the same rule
above applies. Again, violating the memory boundaries
may cause erratic exacution.

For applications involving interrupts. the normal interrupt
sefvice routine address locations of the 80C51 family archi-
tecture have been preserved.

2. MOVX-related Instructions, Data Memory:

The ATB9C2051 contains 128 bytes of internal data mem-
ory. Thus, in the AT89C2051 the stack depth Is limited to
128 bytes, the amount of available RAM. External DATA
memory access is not supported in this device, noris exte:-
nal PROGRAM memory execution.. Therefore, no MOVX
[...] instructions should be included in the program.

A typical BOC51 assembler will still assemble instructions,
aven if they are written in violation of the restrictions men-
tioned above. It is the responsibility of the controlleruserto
know the physical features and limitations of the device
being used and adjust the instructions used
correspondingty.

Program Memory Lock Bits

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

Lock Bit Protection Modest"

Program Lock Bits
LB1 LB2 | Protection Type
1 U U No program lock featuras.
2 P U Further programming of the Flash
is disabled.
3 R P Same as mode 2, also verify is
disabled.
Note: / /1. Tha Lock Bits can only be erased with the Chip Erase
operation.
Idle Mode

Invidle mode, the CPLU puts itself to sleep while all the on-
chip peripnerals-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,

P1.0 and P1.1 should be set to “0” if no extarnal pullups are
used, or set to “1”if external pullups are used.

[t should be noted that when idle is terminated by a hard-
ware reset, the device normally resumes program
execution, from.where it left off, up-to two machine cycles
before the internal reset-algorithm takes control. Qn-chip
hardware inhibits access to interrtial 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
externai memaory.

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-
ters retain their values until 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 Vo
is restored to its normal operating level and must be held
active long enough to allow the oscillator 1o restart and
stabilize.

P1.0 and P1.1 should be set to “0” if no external pullups are
used, or set to “1” if external pullups are used.

AMNEL s



intersil IRF510

Data Sheet June 1999 File Number 1573.3

5.6A, 100V, 0.540 Ohm, N-Channel Power Features
MOSFET

This N-Channel enhancement mode silicon gate power field
effect transistor is an advanced power MOSFET designed,
tasted, and guaranteed to withstand a specified level of + Single Pulss Avalanche Energy Rated
energy in the breakdown avalanche mode of operation. All of .
these power MOSFETs are designed for applications such
as switching regulators, switching convertors, motor drivers,
relay drivers, and drivers for high power bipolar switching « Linear Transfer Characteristics
transistors requiring high speed and low gate drive power.
These types can be operated directly from integrated
circuits. »  Related Literature
-/ TB334 “Guidelines for Soldering Surface Mounl
Components to PC Boards”

+ 5.8A, 100V
* IDS(ON} = 0.5400

SOA is Power Dissipation Limited

» Nanosecond Switching Speeds

» High Input.impedance

Formerly developmental type TA17441,

Ordering Information Symbol
PART NUMBER PACKAGE BRAND D
IRF510 TO-220AB IRF510
NOTE: When ordering, inslude the entire part number.
G
S
Packaging
JEDEG TO-220AB
SQURCE
DRAIWN
GATE
DRAIN (FLANGE}
166 CAUTION: These devices are sensitive to efectrostatic discharge, follow proper ESD Handling Procedures.

hitp:/hwww.intersil.com or 407-727-9207 | Copyright © Intersil Corporation 1999



IRF510

Absolute Maximum Ratings T = 25°C. Unless Otherwise Specified

IRF510 UNITS
Drain to Saurce Voltage (Note 1. .. .. .. .. e Vbs 100 A
Drain to Gate Voltage (Rgg =20k (Note 1) . .. ... o YoGR 100 v
Continudus Drain CUITENE ... ... o 5.6 A
T =000 e e Iy 4 A
Pulsed Drain Current (Note 3) . . . ... .. L . 'om 20 A
Gateto Source VORAGE . . .. ... ... .. Vas 120 v
Maximum Powsr Dissipation ... ... ... ... s Pp 43 W
Linear Derating Faclor. . .. . ..o ottt e e e 0.29 weoC
Single Pulse Avalanche Energy Rating (Note 4) . . .. ... .. ... ... . . Eas 19 mJ
Operating and Storage Temperature Range . .. ... ... ... .. .. . . TJ. TaTG -55 10 175 °c
Maximum Temperature for Soldering
Leads at 0.063in {1.6mm}) from Casefor10s................ ... e T, 300 oc
Package Body for 10s, See Techbrief 334 .. . ... ... .. ... ... L Tokg 260 oc

CAUTION. Stresses above those listed in "Absolute Maximum Ralings™ may cause permanent damage to the device. This is a siress only rating and operation of the
davice at thess or any other conditions abave those indicated in the operational sections of this specification.is nol implied,

NOTE:
1. Ty = 25 to 150°C.

Elactrical Specifications  T¢ = 25°C, Unless Othienwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNITS
Drain to Source Breakdown Valtage BVpgs | Vs = 0V, Ip=250uA, {Figure 10} 100 - - v
Gate to Threshald Voltage VesTHy | Ves = Vps. Ip = 2500A 2.0 - 4.0 v
Zero-Gate Voltage Drain Current Ibss Vps = Rated BVpgs, Vgg = 0V - - 25 HA
Vps = 0.8 x Rated BVpgs, Vgs = 0V, T, = 150°C - - 250 pA
On-State Drain Current (Note 2) In(ony. | VDS > Ipion) x 'osionmax: Ves = 10V {Figure 7) 5.6 - - A
Gate fo Source Leakage Current lgss Vigg = 20V - - 100 nA
Drain to Source On Resistance (Note 2) | rp§(ON) Vs = 10V, |p = 3.4A (Figures 8, 9) - 0.4 Q.54 Q
Forward Transconductance (Nota 2} Og Vs = 50V, Ip = 3.4A (Figure 12) 13 20 - S
Turn-On Delay Time tatoN) Ip = 5.6A, Rgg = 2400, Vpp = 50V, Ry_= 94, - B 11 ns
: : Vpp = 50V, Vgg = 10V - 75 36 s
Rise Time r MOSFET swilching limes are essentially independent
Tum-Off Delay Time LU(QFFY | of operating femperature - 15 21 ns
Fall Time iy - 12 21 ns
Total Gate Charge QgroT) |Vas= 10V, ip =5.8A, Vpg = 0.8 x Rated BVpgs, - 50 7.7 nC
(Gate to Source + Gate to Drain) Ig(REF) = 1:BmA (Figure 14)
/ pRc . i
Gate to Source Charge Qge gf::; :;?L?: iz essentially independent of operating N 20 N nc
Gate to Drain "Miller” Charge Qga - 3.0 - nC
tnput Capacitance Cigs Vas = 0V, Vpg = 25V, { = 1.0MHz {Figura 11) - 135 - pF
Qutput Capacitance Coss . - 80 - pF
Reverse-Transfer Capacitance Crss - 20 - pF
Internal Drain Inductance Lo Measured From the Modified MOSFET - 35 - nH
Contact Screw On Tab To | Symbol Showing the
Center of Dig Infernal Devices
Measured From the Drain | '"ductances - 45 . nH
Lead, 6mm (0.25in) From
Package to Center of Die
Internal Source Inductance Lg Measured From The - 75 - nH
Source Lead, mm
{0.25in) From Header to
Source Bonding Pad
Junction to Case ReJc - - 35 | "cw
Junction ta Ambient Rgja |Free air operation - - 80 | “caw

167 | _intersil



IRF510

Source to Drain Dipde Specifications

PARAMETER SYMBOL Test Conditions MIN | TYP | MAX | UNITS
Continuous Source to Drain Current lsp Modified MOSFET D - - 5.6 A
- Symbol Showing the
P;Ist.: ;ource to Drain Current IspM Integral Reverse - - 20 A
{No P-N Junction Diode &
&
Source to Drain Diede Voltage (Note 2) Vsp T, = 25°C, tgp = 5.8A, Vg = OV (Figure 13) - 25 v
Reverse Recovery Time drr Ty =25°C, Igp = 5.6A, digp/d, = 100As 4.8 96 200 ns
Raverse Racovered Charge Qrr T, = 25°C, Igp = 5.8A, digp/d, = 100A/us 0.17 | 04 (.83 ue
NOTES:
2. Pulse tesi: pulse widih < 300us, duty cycle < 2%.
3. Repetitive rating: pulse width limited by max junction temperature, See Transient Thermal Impedance curve (Figure 3).
4. Vpp = 25V, start T = 259C, L = 910pH, Rg = 2682, peak Iag =5.6A,
Typical Performance Curves unisss Otherwise Specified
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LM78XX
Series Voltage Regulators

General Description

The LM78XX series of three terminal regulators is available
with sevaral fixed output voltages making them useful in a
wide range of applications. One of these is local on card
regulation, eliminating the distribution problems associated
with single point regulation. The voltages available allow
these regulators to be used in logic systems, insfrumenta-
tion, HiFi, and other solid state elsctronic equipment. Al-
though designed primarily as fixed voltage regulatars these
devices can be used with external components fo obtain ad-
justable voltages and currents.

The LM78XX series is available in analuminum TO-3 pack-
age which will allow over 1.0A load current if adequate heat
sinking is provided. Current limiting is included to-limit the
peak output current to a safe value. $afe area protection. for
the output transistor is provided to limit internal-power dissi-
pation. If internal power dissipation bacomes too high for the
heat sinking provided, the thermal shutdown circuit takes
ovar preventing the JC from cverheating.

Considerable effort was expanded to make the LM78XX se-
ries of regulators easy to use and minimize the numper of
external componenis. |t'is not necessary to bypass the oul-

May 2000

National Semiconductor

put, although this does improve transient response. Input by-
passing is needed only if the regulater is lpcated far from the
filter capacitar of the powar supply.

For output voltage other than 5V, 12V and 15V the LM117
sefies provides an output voltage range from 1.2V to 57V.

Features

® Cutput current in excess of 1A

® Internal thermal overlpad protection

® No external components reguired

w CGutput transistor safe area protection

m [ntarnal short circuit current limit

N Availablte in the aluminum TO-3 package

Voltage Range

LM7805C sV
LM7812C 12V
LM?7815C 15W

Connection Diagrams

Metal Can Package
TO-3 (K)
Aluminum

QUTRUT — ~— GND

INPUT—*
DS0OTI4E.2
Botiom View
Order Number LM7805CK,
LM7812CK or LM7815CK.
See NS Package Number KCOZA

Plastic Package

T0-220 (T)
] L) ouIrat
GND —= O z GhD
]
GSOC746-3
Top View
Ordar Number LM7805CT,
LM7B842CT or LM7815CT

Sea NS Package Number TO3B

® 2000 National Semiconductor Corparation DS007746
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LM78XX

Schematic
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Absolute Maximum Ratings (Note 3) Maximum Junction Temperature
If Military/Aerospace specified devices are required, (K Package) 150°C
pleasge contact the National Semiconductor Sales Office! (T Packagas) 150°C
Distributors for availability and specifications. Storage Temperature Range -85°C to +150°C
Input Voltage Lead Temperature {Soldering, 10 sec.)

(Vo = 5V, 12V and 15V) 35v TO-3 Package K 300°C
Intemal Power Dissipation (Note 1) Intemally Limited TO-220 Fackage T 230°C
Operating Temperature Range (T,) 0°Cto +70°C

Electrical Characteristics LM78XXC (note 2)

0°C < T, < 125°C unless otherwise noted.

Qutput Voltage 5V 12v 15V
Input Voltage (unless otherwise noted) 10V 19V 23v Units
Symbol | Parameter Conditions Min | Typ [Max | Min | Typ [Max | Min | Typ {Max
Va Output Voltage Tj=25C, 5mA <y 1A 48 &5 .52 |116. 12 125|144 15 158 v
Pp < 16W, 5 mA <lg € 1A 475 525 (114 12.6 14.25 15.75 v
Vi € Vin € Miyax (7:5's V £20) (145 < Viys (175 <V, = v
27) 30}
AV Line Regulation I, = 500 Tj=25C 3 50 4 120 4 150 my
ma
AV iy {74 Vi 25) 145 <V, = 30) (A7T5 8 Vy = A
30)
0°CeTj< +125'C 50 120 150 | mV
AVin (8 8V, <20) (1B Vs 27) (185 S Vi & v
30}
lgs 1A Tj=25C 50 120 50 mv
AV 7.5V, =20) (14.6 2 Viy = (7.7 V< v
27) 30)
0'C<Tj<+125'C 25 60 75 my
AV (8 sVy<12) {16 SV ©22) | (20 £ V), 5.26) vV
AVg Load Regulatian Tj=25C | 5mA<le = 1.5A 10 50 12 120 12 150 my
250 MA < | 25 680 75 my
750 mA
EmMA<Io 1A 0CsTj< 50 120 150 my
+125°C
In Quiescent Currant | I5 < 1A Tj =25'C 8 8 B mA
G'C=Tig+125°C 8.5 85 85 mA
Alg Quigscent Current | S mA £ I £ 1A 0.5 05 0.5 mA
Change Tj=25'C, I £ 1A 1.0 10 1.0 mA
Vian S Vin € Viax (7E<V,,<20) | (14.8 < Vys27) {179V =< A
30)
lg £ 500 mA, 0°C.s Tj< +125°C 1.0 1.0 1.0 mA
Vi S Vin € Viax (7 £V, £25) | (145 < V5 30} (175 sV s v
30)
Viy Output Noise T, =25°C, 10 Hz < < 100 kHz 40 75 80 pv
Voltage
Ripple Rejection los 1A, Tj=25C | 682 B0 55 72 54 70 dB
_AViy or
AVout f=120Hz | lg < 500 mA 62 55 54 dB
0CsTj£+125C
Vi € Vin S Vimax (8 <V y<18) {15 <V, £ 25) (185 <V, = \Y
28.5)
Ro Dropout Voltage Tj = 25°C, lgur = 1A 20 2.0 2.0 A
lOutput Resistance | f = 1 kHz 8 18 19 m&

3 www.national.com
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LM78XX

Electrical Characteristics LM78XXC (Note 2) (Continued)

0°C =T, 5 125°C unless otherwise noted.

Line Regulation

Qutput Voltage 5V 12v 15V
Input Voltage (unless otherwise noted) 10V 15V 23V Units
Symbol Parameter Conditions Min | Typ | Max | Min ] Typ | Max | Min | Typ | Max
Short-Circuit Tj=25C 21 1.5 1.2 A
Current
Peak Qutput Tj=25C 24 24 2.4 A
Current
Average TC of 0°’C<Tjs+125°C, |nb = 5 mA 0.6 1.5 1.8 my/C
vDUT
Vin Input Voitage
Reaquired to Tj=25C, 1o 1A 7.5 14.6 17.7 v
Maintain

Note 1: Thermal resistance of the TO-3 package (K, KCYis typically 4'C/W junction lo case and 35°C/W case to ambient. Tharmal resistance of the TO-220 package
(T) is typicatly 4'C/W junclion to case and 50°C/W case to ambient.
Note 2: Al characteristics are measured with capacilor acress the input of £.22 pF. and a capacitar across the sutputof 0.1pF. All characleristics except noise vollage
and rippte rejection ratio are measured using pulse techniques (t, < 10 ms, duty cycle < 5%} Output valtage changes due to changes in internal lemperalure must
be taken into account separately.

Notg 3: Absolute Maximum Ratings indicale limits beyont which damage to the device may accur. For guaranieed specifications and ihe test conditions, sea Elac-
Iricat Charactenshics.

www.nationai.com
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LM317

3-terminal posifive adjustable regulator

Features Description

+ Output Current In Excess of 1. 5A This monolithic integrated circuit is an adjustable 3-terminal
» Output Adjustable Between 1. 2V and 37V positive voltage regulator designed to supply more than 1.5A
» Internal Thermal-Overload Protection of lpad current with an output voltage adjustable overa 1.2
+ Internal Short-Circuit Current-Limiting 10 37V. It employs internal current fimiting, thermal shut-

+ Output Transistor Sate-Area Compensation down and safe area compensation.

« T0-220 Package

TO-220

1. Adj 2. Output 3. Input

Internal Block Diagram

Input [ -

Rlimit

Output

Vadj

Rev. 5.0

©2000 Fairchild Semiconductor International



LM317

Absolute Maximum Ratings

Parameter Symbol Value Unit
Input-Output Voltage Differential Vi-Vo 40 v
Lead Temperature TLEAD 230 °C
Power Dissipation Po Internally limited w
Operating Temperature Range TOPR 0~+125 °C
Storage Temperature Range TsTG -65 ~+125 °C
Temperature Coefficient of Output Voltage AVOIAT +0.02 %/°C

Electrical Characteristics
(V1-VO=5V,10=03A,0°C = T} = +125°C, IMAX = 1.5A, PmMaAX = 20W, unless otherwise specified)

Parameter Symbol Conditions Min Typ. | Max. | Unit
Ta=+25°C 0
Line Regulation Rline 3V V- VO 40V = 0y, ) 0.04 N
3V <V - Vo < 40V - 002 [ 007 | %NV
TA = +25°C, 10mA <lo slmax my
Vo< BV - 18 25 %O
Vo z 8V 0.4 D%
Load Regulation Rload 2
TOmA < 1o < IMAX my
Vo< 5Y - 40 70 | %IV
Vo 2z 8V 0.8 1.5
Adjustable Pin Current A ! = 46 100 pA
. . 3V < V- VMo <40V
gzj::taeble Pin Current A 10mA < 16 < IMAX _ 20 5 UA
g PD < PMAX
3V S VIN - Vo =40V
Reference Voltage VREF 10mA <10 < IMAX 1.20 125 |/ 1.30 v
PD < PMAX
Temperature Stability STT : - 0.7 - %O
Minimum Load Current to - 3
Maintain Regulation LNy | Vi VO =40V 7 4 12| mA
VI - Vo < 15V, PD £ PMAX 292
Maximum Qutput Cusrent lowaxy | Vi Vo <40V, Pp <Piax 1.0 03 - A
Ta=25°C '
RMS Noise, % of VoUT &N Ta= +25°C, 10Hz « f < 10KHz - 0.003 | 0.01 | %O
Vo =10V, f=120Hz
Ripple Rejection RR without CADJ 86 60 - dB
CapJ = 10uF 75
Long-Term Stability, Ty = Ta = +25°C for end point 0
THIGH ST measurements, 1000HR i 03 ! %
Thermal Resistance Junction ReJC . ) 5 ) SCAW

to Case

+ Load and line regulation are specified at constant junction temperature. Change in VD due to heating effects must be taken
into account separately. Pulse testing with low duty is used. (PMaX = 20W)




LM317

Typical Perfomance Characteristics
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+5V-Powered, Multichannel RS-232

General Description

The MAX220-MAX249 tamily of line drivers/receivers is
intended for all EIAfTIA-232E and V.2B/V.24 communita-
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
pawer dissipaticn to fess than 5uW. The MAXZ26,
MAX233, MAX235, and MAX245/MAX246/MAX247 use
no external components and are recommended far appli-
cations where printad circuit board space is critical,

Applications

Portable Computers

Low-Power Modems

Interface Tranglation
Battery-Powered RS-232 Systems
Multidrop RS-232 Networks

Drivers/Receivers

Features

Superior to Bipolar

+ Operate from Single +5V Power Supply
(+5V and +12V—MAX231/MAX239)

+ Low-Power Receive Mode in Shutdown
(MAX223/MAX242)

+ Mest All EIA/TIA-232E and V.28 Specifications
+ Multipte Drivers and Receivers

¢+ 3-State Driver and Receiver Outputs

¢ Open-Line Detection (MAX243)

Ordering Information

PART TEMP. RANGE . PIN-PACKAGE
MAX220CPE 0°Clto +70°C 16 Plastic DIP
MAX220CSE 0°C to+70°C 16 Narrow SO
MAX220CWE 0°C 10 +70°C 18 Wide SO
MAX220C/D 0°C 10 +70°C Dice’

MAX220EPE -40°C t0 +85°C 16 Plastic DIP
MAX220ESE -40°C 10 +85°C 16 Narrow SO
MAXP2CEWE -40°C 10 +85°C 16.Wide SO
MAX220EJE -40°C {0 +85°C 16 CERDIP
MAX220MUJE 55°C 1o +126°C 16 CERDIP |

Ordering Information coniinued at end of data sheet.
‘Contact factary for dice specifications.

Selection Table

Power No. of Nominai SHDN Rx
Part Supply RS-232 No. of Cap. Valug - & Three- Active in Data Rate
Number [\J] Drivers/fAx Ext. Caps [(WF} State SHDN (Kbps) Fealures
MAX220 +5 2/2 4 .1 No - 120 Ulira-low=power, industry-standard pinout
MAXZ22 +5 212 4 1 Yes : 200 Lew-powsr shutdown
MAX223 (MAX213) +5 445 4 1.0(0.1) Yes v 120 MAX241 and recaivers activa in shutdawn
MAX225 +8 5/5 0 - Yes v 120 Availaple in 50
MAX230 (MAX200) +& 5{0 4 10101 Yes — 120 5 drivers with shutdown
MAX231 (MAX201) +5 and 212 2 1.0(0.1) Mo ~ 120 Standard +5/4+12V gr battery supplies.
+7.510 +13.2 same fungtions as MAX232
MAX232 (MAX202) +5 22 4 1.0(0.1} No 120 (64) Induslry standard
MAX232A +5 2fe 4 0.1 Na — 200 Higher slow rata small caps
MAX233 (MAX203) +5 22 0 = Mo - 120 No exiarnal caps
MAX233A +5 22 3] — No — 200 Ng.axtarnal caps, high slew rate
MAX234 (MAX204) +5 40 4 1.040.1) No = 120 Replaces 1488
MIAX235 IMAXZ0E) +5 flie] ¢ . Yes 120 No external Caps
MAX236 (MAXZ206) +5 4/3 4 1.0{0.1) YAas - 120 Shutdown, three state
MAX237 (MAX207) +5 543 4 1.0(0.1) No 120 Complemants |BM PC serial port
MAXZ238 (MAX208) +5 4/4 4 1.0(0M No — 120 Replaces 1488 and 14B9
MAX239 (MAXZ09) +band 3i5 2 1.8{071 No 120 Standard +5/+ 12V or batlery supplies,
+750+132 single-package solution for IBM PC serial port
MAXZ40 +5 55 4 1.0 Yes 120 DIP or flatpack package
MAXZ241 (MAX211) +5 4f5 4 1.0{(0 1) Yas 120 Complete IBM PC serial port
MAX242 +5 22 4 Q1 Yes v 200 Separate shutdown and enabie
MAX243 +5 22 4 0.1 No — 200 Oper-lina detection simplifies cabling
MAX244 +8 810 4 1.0 No — 120 High slew rate
MAX245 +5 810 4] Yes v 120 High siew rate, int. caps. two shutdown modes
MAX246 +5 ano o] B Yes v 120 High slew rate, int caps, three shutdown modes
MAX247 +5 8/9 0 — Yes v 120 High slew rate, int caps, nine operating medes
MAXZ48 +5 a/8 4 10 Yes v 120 High slew rale, seloctive half-chip erasles
MAXZ49 +5 610 4 Yes v 120 Available in quad fialpack package
INAXLM Maxim Integrated Products 1

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

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX220I222/232N233N242/243

Supply Vollage (Ve ...
lnput Voltages
RIN {Except MA><220]

RINAMAXZ20] v
Tout (Except MAX220) (Note 1) ...
TOUT (MAXZ203 0o e

Qutput Voltages
Tout.
Rour ...

Drwer,fﬁece\ver Oulput Short Circuited to GND

Continuous Power Dissipation (Ta = +70°C)
16-Pin Plastic DIP {derate 10.53mW/*C above +70°C;...
18-Pin Plastic DIP {(derate 11.11mW/°C above +70°C}-...

=03V 16 (Ve - 0.3V)

0.3V 1o +6V

+30V

18-Pin CERDIP (derate 10.53mwW/°C above +70°C)

15V

BA2miY
.885mw

Note 1: Input voltage measured with TouT in high-impedance slale; SHRN orVgg = 0V

Note 2: For the MAX220, V+ and V- ¢an have amaximum magnitude of 7V, but their absolute difference cannol exceed 13V.

Storage Temperalure Range ...
Lead Temperature (soldering. TDSGC)

Operating Temperature Ranges
oMAX2. C

0.3V to(Veg + 03V MAXZ_ _AC.
““““ Continuous MAX2_ _AE_ _ MAX2. E_
MAX2. AM. . MAX2. M.

20-Pin Plastic DIP (derate 8.00mW/°C above +70°C) ..440mw
16-Pin Narrow SO (derate 8.70mW/°C above +70°C) ..
16-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mwW
18-Pin Wide SO (derate 3.52mW/°C above +70°C)
20-Pin Wide SO (derate 10,00mW,°C above +70°C)...
20-Pin SSOP (derate 8.00mW/°C above +70°C)
16-Pin CERDIP (derate 10.00mW/°C above +70°C)

698mwW

7e2mw

.800mwW

-..0°C 0 +70°C
...-40°C to +85°C
..-55°C 1o +125°C
.-65°C to +160°C
..+300°C

Stresses havand thoge listed under "Absolule Maximur Ratings” may causs permanent gamaga 1o the dovice. Theseare si7ess ralings only, and funchonat
operation of the device ai these or any other conditions beyond those indicatad i the cperational seclions of e specilicalions is nol implied. Exposwre fo
absolute maximum rabng conditions for axtended periods may affact dovice reliatiility.

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

(Voo = +5V =10%, C1-C4 = 0.1uF, MAX220, C1 = 0.047uF, C2-C4 = 0.33pF, TA = Tmin T Trax, unless otherwise noted.)

PARAMETER | CONDITIONS [ MIN " TYP . MAX [ unirs |
RS-232 TRANSMITTERS
Output Yoitage Swing Alltransmitter cutputs loaded witn 3ki) to GND +5 +8 v
Input Lagic Threshold Low: 1.4 08 vV
: : Al davices except MAXZ20 2 1.4
Input Logic Threshold Hign MAXZ20 Voo = 6.0V ) v
All except MAX220, normal operation 8 40 A
Logie Pull-Upfinput Gigrapt SHON =0V, MAX222/242. shutdown, MAX220 w00t =1 | Y
Voo =558V, SHDN:= OV, Vour = + 15V, MAX222/242 +Q01 £10
Qutput Leakage Current Voo = OHDN = 0V ViouT < 216V 1 o uA
LData Rate 200 116 kby/s
Transmitter Qutput Resistance Voo = Ve = Vo =0V, Vour = £2V 300 10M Q
Qutput Shert-Circuit Current Vout = 0V +7 =22 mA
RS-232 RECEIVERS
RS$-232 Input Vollage Operating Range +30 V
All except MAXZ243 R2iy 08 13
RS-232 Input Threshold Low Voo =8V WAX243 Rop (Nole 2) 3 v
‘ Allexcept MAX243 R2|y 1.8 2.4
RS-232 Input Threshold High Voo = 5V MAY243 A5 (o 2) ox o v
RS-232 Input Hysleres's All except MAX243, Voo = 5V, no hysterssis in shdn. 0.2 0.5 1 y
) MAX243 1
RAS-232 input Resistance 3 5 7 ®Q
TTL/CMOS Output Voltage Low fouT = 3.2mMA G.2 04 v
TTL/CMOS Output Voltage High louT = -1.0mA 35 Veo-0.2 \
TTL/CMOS Oulput Shert-Circuit Current Sourcing Vot = GND 2 10 mA
Sharinking Vour = Voo 10 30
MAXIL



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

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)
(Voo = +5Y £10%, C1-C4 = D.1uF, MAX220, C1 = 0.047yF, C2-C4 = D.33pF, Ta = Timin 10 Tmax, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
SHON = Voo or BN = Vee (SHBN = 0V for MAX222),
TTL/CMOS Qutput Leakage Current OV < VouT 8 Veo +0.056 =10 LA
EN Input Threshold Low MAX242 1.4 0.8 v
EN fnput Threshold High MAX242 2.0 1.4 v
Operating Supply Voltage 4.5 5.5 v
TMax220 05 2
—_ No ipad
Voo Supply Current (SHON = Vo), MAXZ22/232A/233A/242/243 4 10 A
Figures 5.6, 11, 19 3KE toad MAX220 12
bath inputs MAX222/232A]233A(242/243 15
Ta= +25°C 0.1 10
Shuldown S ly Current MAX222/242 CEZALRY, z 50 A
ow en
HRPY U Ta = 40°C 10.+85°C 2 56 | "
Ta = -55°C to +125°C 35 100
SHDN Input Leakage Current MAXZ222/242 +1 [07:Y
SHON Trreshold Low MAX222/242 1.4 0.8 v
SHON Threshold High MAX222{242 2.0 1.4 W
C = 50pfF 10 2800pF,
Ry = 2k I TKE, MAX222/232A/233A/242/243 (3} 12 30
Transition Slew Rale Voo = BV Ta = +25°C, Vius
measured from +3V | maaxa90 15 3 a0
0 -3V or -3vVio +3V
MAX222/232AJ233A/242(243 1.3 35
Transmitter Prapagation Delay PHLT MAXZ20 P 10
TLL to RS-232 {normal operation), 5
Figure 1 ( NS : MAX222/232 A2334/242/243 15 a5 H
L MAX220 5 10
MAX222/232A/233A/242/243 0.5 1
Receiver Propagation Deiay IPHLA MAX220 06 3
RS-232 10 TLL (normal cperation). S
P2 ( PN : MAX222/232A1238A/242]283 o/ J 1 | "
') MAX220 g8 3
Receiver Propagation Delay tPHLS MAX242 03 10 .
RS-232 to TLL (shutdown), Figure 2 Jip us MAX242 25 10 g
Receiver-Output Enable Time, Figure 3 | teq MAX242 125 500 ns
Receiver-Output Disable Time, Figure 3 | tpi MAX242 160 500 ng
Transmitier-Output Enable Time y MAX222/242, G ApF caps 250 s
(SHDN gaoes high), Figure 4 er (includes charge-pump stan-up) H
Transmitter-Output Disable Time
(SFIDN goes low), Figure 4 DT MAX222/242, 0.1F caps 600 ns
Transmitter + to - Propagation | - MAXZ22/232A/233A/242/243 300 ns
Delay Difference (normal operation) PHLT - IPLMT MAX220 2000
Receiver + 1o - Propagation ¢ - MAX222/232A/233A/242/243 100 n
Delay Difference (normal operation) PHLR - PLHR MAX220 225 y
Note 3: MAX243 R2puT is guaranteed to be low when R2)N is 2 OV or is floating.
MAXIM 3

6PCXVIN-OCCXVIN



	Title Page
	Abstracts
	Contents
	List of Illustrative
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	Bibliography
	Appendix



